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INTRODUCTION

Snap beans (Phaseolus vulgaris L.) are the fourth largest truck crop
for processing in the United States wiﬁh a value in 1949 of over 26 millon
“dollars. Maryland has a ten year average acreage of 11,390 acres, second
highest in the country. However, during the past few years the acreage
grown in this state has declined, and in 1949 was 6,800 acres (48). De-
spite this drop, snap beans remain a million dollar business in Manylaﬁd.

During the past several years, there has been an increasing emphasis
on quality of fresh and processed snap beans, as well as other crops.

This increasing emphasis on quality has stimulated this and other research
on factors affecting quality in snap beans. It was the purpose of this
work therefore, to investigate thoroughly these factors and to develop,
evaluate, and apply various objective and organoleptic methods for de-
termining quality in snap beanse.

One of the first factors to be taken into consideration in any experi-
ment where quality is involved, is the growth and maturation of the par-
ticular crop being studied. A study of growth and maturation in snap beans
involves a study of seed and fiber development, color, size and shape, and
maturation rates. It is also important to know the effect of harvesting
at different stages of maturity on yield as well as quality, since both
must be considered from an economic standpointe

In recent years interest in control of the maturation process has
been stimulated by the appearance of several new chemical growth regulators.
To date, this interest has been centered primarily around control of

maturation in tree fruits, with little being reported on vegetable crops.



Yet the problem of maturation is an important one to the processor of
vegelable crops, since over-all production and quality are in part de-
pendent upon getting the raw material to the plant at the right time and
in the proper amounts, In the normal course of events the planting and
harvesting schedule provides for raw material of a high quality. There
are environmental conditions, however, over which the processor or grower
has no control which may cause changes in the harvesting schedule and ulti-
mate loss in guality. Investigations are herein reported on the effect of
these growth regulators'on the rate of maturation of snap beans.

Snap beans produced for the fresh market and for processing are often
subjected to storage periods either in transit from grower to market or to
the processor, or after arrival at the market or processing plant. The
effect of this delay as well as the effect of the temperature of storage
on the quality of snap beans has not been investigated thoroughly and
therefore was included in this experiment.

All of the factors mentioned above, affect in one way or another the
quality of the snap beans to be used by the consumer. Since there is no
generally accepted rapid objective method of measuring the quality of the
raw snap beans, one of the main purposes of this experiment was te develop,
evaluate, and apply various methods for determining the gquality of the raw
and processed green and wax beans. In order to test the methods developed,
the above-mentioned factors which are known to affect gquality were intro-

duced experimentallye.
REVIEW OF LITERATURE

Aside from development of new varieties and the improvement of

cultural practices, research on snap beans has been concerned primarily

with studies of factors affecting their composition and use as a food



product.

Chemical Composition., Several early investigations concerned primarily
with the composition of the snap bean, were summarized by Chatfield and
Adams (5) who found on the average that snap beans contain 88.9 per cent
water, 2.4 per cent protein, .2 per cent fat, 2.2 per cent starch, and
«37 per cent sugar. In more recent studies on canned beans summarized by
the National Canners Association, (41) snap beans were reported as cone
taining on the average 6.5 per cent total solids, l.2 per cent ash, .1 per
cent fat, l.1 per cent protein, .7 per cent crude fiber, 3.4 per cent
carbohydrates and 90 calories per pound. Parker and Stuart (42) made a
thorough investigation of the changes that occur in the chemical compo-
sition of green beans after harvest. They state that the principal after
harvest changes involve carbohydrates;'starch is hydrolyzed and sugar
accumlates. Cold temperatures were found to accerlerate this accumulation
of total sugars. Platenius and coworkers (43) have reported that 400 F is
the optimum temperature for stering snap beans.

Williams and coworkers (60) studied the changes in sugar content
during storage. They found that when beans were picked commercially and
stored at room temperature for 7 days the reducing sugars had dropped 50
per cent while the sucrose remained unchanged. When stored in cracked ice
for 7 days no change was found in reducing sugars while the sucrose con-
tent increased.

Culpepper (7) found that the maturity of the beans greatly affected
their composition; He found that since the major part of the growth of
the hull or pod occurs before that of the seed, changes in chemical compo-
sition during the early stages of growth are determined largely by the

changes in the pod or hull, while variations in later stages are determined



largely by changes in the seed. Resistance to pressure, as measured by a
pressure tester equipped with a needle of 050" diameter, developed by
Culpepper and Magoon (8), increased from 332 gﬁ. when the beans were tested
five days after tagging of blossoms, to 490 gm., 30 days after tagging.

The seed was found to increase from 4 per cent 15 days after blossoming to
5348 per cent 40 days after blossoming. As maturity advanced the pod size

and seed size increased directly.

Vitamin Content. During the period 1940-1945 several papers were pre-

sented on the vitamin content of snap beans, including studies by Farrell
and Fellers (13), and Jones (25). A group of papers by Heinze,_wade,
Hayden, and co-workers (21, 22, 51, 52) show that ascorbic acid content
which is a heritable character may alsé vary between pods because of the
size of the pod and its position on the plant. These authors analyzed over
200 strains and varieties grown during six growing seasons. Upon averaging
the results of these varieties, they found that snap beans contain 22.8 mge
of ascorbic acid, 79 mcge of thiamin, 100 mcge. of riboflavin, and 348 mcg.
of carotene per hundred grams, In work summarized by the National Canners
Association (41) canned snap beans were reported to contain an average .18
mge. of carotene, 3.3 mge of ascorbic acid, 029 mge of thiamine, 035 mg.
of riboflavin, and .32 mge of niacin per 100 gm. of fresh material. Studies
by other investigators indicate that the smallest pods may not be the most
nutritious when the vitamin content is considereds Mack et ale (32) and
Caldwell et al. (4) have shown that the vitamin content of green beans in-
creases with maturity of the pods. The concentration in the pods decreases
slightly while there is a rapid increase in the seeds. Other workers, how-
ever, (Tressler et ale (51) ) have reported either no change in maturity or

a slighﬁ decreases Zscheile et al (63) found that the younger, shorter



beans are higher in provitamin 4 or carotene than those longer and more
mature.

In an attempt to explain the apparent disagreement, Hibbard and Flynn
(23) found that green beans harvested in the most immature stage are
highest in carotene and riboflavin, but lower in thiamin and niacin than
those harvested when more mature. The pods were found to have more carotene
than the seeds, but the reverse was true for riboflavin, ascorbic acid,
thiamin, and niacin. Carotene, riboflavin, and thiamin decreased as the
beans matured and ascorbic acid, and niacin increased. These workers sug-
gest that green beans should be harvested as soon as pods have reached full
length to obtain maximum production and the best balance of vitaminse

Kramer (26) found a correlation between nutrient contents, maturity,
size, and fibrousness of snap beans. 4s the beans matured total solids,
carbohydrates, phosphorus, and ascorbic acid contents increased while

calcium and carotene contents decreased.

Quality Factors. Several investigators (9, 11, 12) have reported on

the nature of the pod cell structure and its relationship to the edible
quality of the fruit. Rowe and Bonney (44) presented a tentative method

for determining quality in snap beans béseé upon the measurement of the total
content of fibrous material in the side wall of the pods. Stark and Mahoney
(48) made a thorough study of the time of development of the fibrous sheath
in the side wall of edible snap bean pods with respect to quality. They
found that fiber consists mainly of inner mesocarp. Increase in the width
of the inner mesocarp occurs at a constant rate until the large sieve sizes
are reached. External factors such as climatic conditions appear responsi-
ble for the amount of thickening in the cell wall of the varieties studied.

Kramer and Smith (29) have investigated various objective methods for



determining quality in snap beans. Correlations between the per cent seed
and per cent strings ranged from .372 in cut wax beans to .502 in cut green
and whole green beans. The per cent seed was found to be more closely
correlated to organoleptic ratings than was the per cent strings. Other
objective tests were tried and discarded for various reasons. The refrac-
tometer was of little use since the composition of the liquor influenced
the values obtaineds No difference in pH was found between samples of
decidedly different maturities. A4 blendor flotation method did not differ-
entiate between fancy, extra standard, and standard grades. However, a
blendor fiber method was developed which showed promise. This method was
used in the present study. An iodine method for determining reducing sub=-
stances showed large differences in varietal response and was therefore
discarded.

In a series of recent papers, Gould (16, 17, 18, 19, 20)1 discussed
qualiﬁy in snap beans. A new instrument was presented, based on the prin-
ciple used in the asparagus fiberaometer, which determines resistance to
shearing on individual pods; a review of the U. S. grades and standards were
presented; the use of heat summation was suggested for spacing planting
dates and for predicting time of harvest. Seed length was suggested as a

method of determining maturity.

Growth Regulators. Work by Wittwer and Murneek (61), Murneek, Wittwer,

and Hemphill (40) and later by Stark (48) and Fisher (14, 15) has shown that
hormone sprays can be used to increase the yield and to prevent blossom drop

during hot, dry periods. They report that para-chlorophenoxyacetic acid

lpecently summarized by Gould, We. A. Quality evaluation of fresh,
frozen, and canned snap beans. Ohio Agr. Exp. Stae. Res. Bul. 701. 1951.



(CLPA) and similar materials at concentrations approaching 2 ppm. will do
this quite effectively.

The use of chemical growth regulators to control certain growth
phenonema which occur in fruit crops has been studied extensively by various
workers. Mitchell and Cullinan (36) and later Marth, Havis, and Batjer
(33), found that the use of sodium and potassium salts of naphthalene acetic
aci& applied in the preceeding swmuer delayed blossoming at best two days
and caused severe damage to peach trees at higher concentrations. Retarda-
tion of blossoming was not obtained without injury to the leaves. On the
other hand, Hitchcock and Zimmerman (24) found that summer sprays with
potassium naphthalene acetic acid delayed opening of flower buds of peaches
up to 14 days and up to 19 days for vegetative buds when applied the pre~
ceeding summer. Work has alsoc been carried on by Mitchell and Marth (37)
and others on the effect of several of these growth regulators on the “
ripening of detached fruit, 2,4-~di chlorophenoxyacetic acid was found to
ripen detached fruits of bananas, pears and apples but did not affect tomato,
pepper, or persimmone

Mitchell and coworkers (34) in greenhouse studies have found that the
application of para~chlorophenokyacetic acid to the pods of snap beans
before picking resulted in a higher retention of Vitamin C. Subsequent work
(38) showed that application of A~chlorophenoxyacetic acid as a dip or a
spray retarded maturation of attached fruits. This treatment significantly
reduced the yield especially when used at high concentrations (1000 ppm.).
Spray applications of 4-~Cl (4 chlorophenoxyacetic acetic acid) at concen-
trations ranging from 50 ppme. to 1000 ppme to attached fruits‘increased
their water retaining capacity when they were harvested and stored.

Clark and Wittwer (6) showed that certain growth regulators, especially



chlorophenoxyproprionic acid, hastened the elongation of 8 to 12 week old
seed stalks of celery and lettuce.

Recently, Schoene and Hoffman (45) have reported that maleic hydrazide
has a pronounced but temporary inhibiting effect on plant growth. Currier
and Crafts (10) noted that maleic hydrazide killed barley and had no effect
on cotton. They suggested that it might be used as a selective herbicide.
White (57) found that maleic hydrazide delayed flowering of raspberries and
Strawberries without injury or loss in quality. Moore (39) listed several
effects of maleic hydrazide on plants. Wittwer et al. (62) have found that
sprouting and root growth of onions held at 559 F for five months was com-
pletely inhibited by the application of a water épray containing 2500 ppme
of maleic hydrazide to the foliage of intact plants two months before har-

vesting the bulbs.
MATERIALS AND METHODS
1948 Quality and Storage Studies

On July, 20, 1948, two varieties, Stringless Green Pod and Pencil Pod
Black Wax were planted at the Plant Research Farm of the University of
Haryland. Each plot consisted of one 90 foot row. ZEach treatment was
replicated 4 times. The beans were harvested in the following manner:

Starting September 3, or 45 days after planting, one plot was harvesied
twice a week for the harvest period which ended on September 26, 68 days
from time of planting. A second plot was harvested at one week intervals
and other plots were harvested twice, 10 days apart, and still others were
harvested once at various times throughout the harvest periode The samples

thus obtained represented a complete range of maturity for both varieties.



Yield records were obtained and the beans were brought to the horti-
culture processing laboratories where each sample was thoroughly mixed
and divided into four parts. One portion was retained for immediate study,
and the remaining three portions were placed in storage chambers at three
temperatures, namely 35, 50 and 70° F. Lots of beans were removed from
each storage chamber for analysis inithe raw state, and for canning and
freezing, at 1, 4, 7, and 10day storage durations. The canned samples
were used for further objective tests and the frozen beans were used for
organoleptic tests.

The beans to be canned and frozen were washed, snipped, and blanched
for 2 to 3 minutes, the length of time depending on the maturity of the
beans. The beans to be frozen were placed in frozen food containers and
held overnight at =200 F, and stored until used at 00 F., For canning, the
beans were placed in #1 picnic cans, and hot brine was added. They were
then closed and processed at 2400 F for 20 minutes.

The following determinations were carried out on all of the raw and
some of the canned andfrozen samples:

Per cent seed in the raw and canned material was determined by the

official method proposed by the Food and Drug Administration (44).

Pressure fiber recordings wére made 6n the raw beans with the use of

a modified fruit pressure tester in which the plunger was replaced with a
piece of stainless steel having a straight, blunt cutting edge of .030¢
thickness. A minimum of 10 pods was cut through at their widest points for
each sample test. The pods were placed in such a position that the cutting
edge was across the pod at right angles to the sutures.

Fiber was determined by the official method proposed by the Food and

Drug Administration (44), as well as by a rapid modification of this method

which is described as follows (29): One hundred grams of pods and seeds
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were weighed and transferred to the cup of a Waring Blendor. Two hundred

ml. of water were added and the contents were blended for 5 minutes poured
through a 30 mesh monel metal or stainless steel screen, and washed thor-

oughly with liberal quantities of water. The fibrous residue retained on

the screen was dried in an oven at 100° C for 2 hours, weighed, and calcu-
Jated as per cent fiber.

Color was determined by an extraction method as follows: One hundred
grams of beans were blended with an equal weight of water in a Waring Blendor
to a uniform pulp. Twenty grams of the above mixture were weighed and
transferred to a Blendor cup with 70 ml. of acetone and blended for exactly
5 minutes. The blended material was transferred to a 100 ml. graduated
c¢ylinder, thé cup was then rinsed several times with acetone and the washe
ings added to the cylinder, which was made to volume and mixed thoroughly.
A portion of the solution was then transferred to a centrifuge tube and
centrifuged for 10 minutes at 2000 RPM or until clear. A portion of the
clarified solution was transferred to the 10 mm. cuvette of a Beckman
spectrophotometer and the per cent transmittance was read at 665 mu and 450
mu. The readings obtained at 665 mu were converted to ppm. chlorophyll,
and those at 450 mu to ppm. carotene. A4lthough the results obtained are
recorded as chlorophyll and carotene respectively, they include total green
and yellow pigment fractiomns, respectively, and are undoubtedly higher than
actual chlorophyll and carotene contents of these samples, since the instru-
ment was calibrated by the use of pure solutions of chlorophyll a and b
and carotene b, respectively.

Ascorbic acid content was determined by a method described by Bessey

and King (2).



Moisture was determined by the official A.0.A.C. method (1).

Organoleptic ratings were provided by a panel of 6 judgeé who graded
the frozen product for maturity, fibrousness, color, flavor and over-all
grade separately on a scale of 10. In each case a score of 1 indicated the

poorest quality, and a score of 10 the highest.
1949-1950 Quality Yield Studies

The succeeding experiments were designed for further studies of factors
associated with maturity and objective methods for measuring them. In 1949
plantings of the varieties, Tendergreen, Bountiful, and Black Valentine were
made on May 11, June 23, andvﬂngust 2. In 1950 the varieties Tendergreen,
Topcrop, and Ranger were planﬁed on May’io, June 28, and August 2. Commer-
cial planting and growing practices were followed for all six crops. Five
treatments or harvest dates based on per cent seed, were included in each
experiment. These were 4, 8, 12, 16, and 24 per cent seed. Each plot,
which consisted of one 50 foot row in 1949 and one 25 foot row in 1950 was
harvested at each respective seed level as often as requireds In this way
comparative yield data were obtained for each stage of maturity; Thus, each
planting consisted of three varieties, harvested at five stages of maturity,
and replicated four times. There were 60 plots per planting and six plant-
ings which gave a total of 360 plots for the experiment.

After harvest, the beans were weighed and brought to the processing
laboratories where per cent seed and fiber-pressure readings were obtained
on the raw beans. Samples were then canned and frozen following procedures
described above. Both the FDA and the Blendor fiber methods as well as per
cent seed determinations were carried out on the canned samples. The

frozen samples, as before, were used for organoleptic grading by a panel of
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Judges who rated them on a basis of 1 to 10 for appearance, maturity,

flavor, fiber and over-all grade.
1949-1950 Growth Regulating Substances

The following experiments were designed in order to study the effect
of certain growth regulating substances on maturation in snap beans. In
1949 experiments were carried out using Para-chlorophenoxyacetic acid
(CLPA) on the varieties Bountiful, Black Valentine, and Tendergreen. The
first crop, or that planted May 11, was used for preliminary studies to
determine the most effective levels of CLPA.

The second crop, planted June 23, was sprayed with .1, <3, and .9 per
cent solutions of CLPA when the beans reached the L per cent seed stage of
maturity. The CLPA was applied as an aerosol at the rate of 18 lbs. to the
acre. Plots were harvested L, 7, and 10 days after application. ZEach ex-
periment was replicated 3 times so that with the check plots the experiment
included 120 plots. After harvesting, the beans were weighed to obtain
yield data and taken to the horticultural processing laborateries where they
were subjected to the same procedures as mentioned for the 1949 and 1950
maturity study crops.

4 similar experiment was carried out on the third crop which was har-
vested in late September and early October. It differed from the second
crop in that the time of spraying was the variables Plots were sprayed at
2, 4, and 8 per cent seed stages of maturity, and all plots were harvested
ten days after application of CLPA.

In 1950 experiments with maleic hydrazide were carried out using the
varieties Tendergreen, Topcrop, and Ranger. Each plot consisted of a 15

foot row which was replicated twice in the first planting (May 11), and



13

three times in the second planting (June 28). The beans were sprayed at
full blossom, early pod, four per cent seed; and eight per cent seed stages
of maturity. The concentrations used were .04, 2 and 1.0 per cent. A4
"Sure Shot™ one-quart pressure sprayer, manufactured by the Milwaukee
Sprayer Company, was used to apply the solutions to run off.

All plots were harvested when the check plots reached approximately
16 per cent seed. It was necessary to delay slightly the harvest of the
second crop due to unforeseen circumstances. Yield data were obtained and
the beans were taken tc the horticultural processing laboratories where the
samples were canned and frozen. The same objective and organoleptic tests
were used as were used in the previous work with CLPA with the exception
of the FDA fiber and per cent seed determinations on the canned beans.

The data obtained from these experiments were subjected to statistical

analysis in order to arrive at statistically sound conclusions.
DISCUSSION OF RESULTS
Growth and Maturation

Any study of factors affecting or correlated with maturation of snap
beans, or a study of objective methods of measuring maturation should be
based on a knowledge of the growth and maturation of the snap bean, as well
as on a knowledge of factors affecting growth and maturation. These include
rate of growth, size and shape of pod, development of seed in relation to
pod, color, chemical composition, as well as other factors.

Seed=Pod Ratio. In 1948 data were obtained on the per cent by weight

of the various sieve sizes at four stages of maturity. These data, on two

varieties, Burpee's Stringless Green Pod, and Pencil Pod Black Wax are pre-
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sented in Table 1. As might be expected relatively larger percentages of
the smaller sieve sizes were obtained'ﬁhen the beans were young and im-
mature. When the beans had reached 8 per cent seed, 70 to 80 per cent of
the pods fell in sieve size five or larger. This is in agreement with
Culpepper (7) who noted that the major part of the growth of the hull and
seed occurre& at different times. He noted that the pod attained its full
length between 10 and 15 days after flowering, and that the greatest rate
of growth of the seed, as measured by increase in diameter was 25 to 30
days after flowering. Mitchell and Marth (35) have studied the growth in
length of pods and seeds of the variety Black Valentine. They found that
the pods increased in length most rapidl& during the first eight days
after anthesis, and that a rapid increase in seed size did not occur until
after the pod had nearly reached full length, which was the 12th or 13th
day. This information indicates that seed development succeeds, and is not
concamitant with pod development as far as growth or size is concerned.
Thus per cent seed can be useful as an index of growth, after the pod has
reached full length.

The effect of delaying the harvest on the increase in per cent seed is
shown in Tables 2, 3, and 4. In 1948, per cent seed was found to be a good
index of maturity; consequently, during 1949 and 1950, maturity levels
established on the basis of seed content were used. This was accomplished
by taking samples for peetests at random throughout each plot. On the
average the increase from 4 per cent to 24 per cent seed was found to take
a little over 2 weeks. Since the per cent seed was fixed experimentally
any variation obtained in 1949 and 1950 data in respect to per cent seed
merely indicated absence of absolute control over the time of harvest rather

than actual varietal or seasonal effects.
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Table 1. The Relationship of Time of Harvest to the Per Cent Yield of
Different Sieve Sizes.

s Sept. 3 s Septe 7 : _Sept. 10 s_____Sept. 15
Sieve:Per Cent Per Cent:Per Cent Per Cent:Per Cent Per Cent:Per Cent Per Cent
Size : Weight Seed : Weight Seed : Weight Seed : Weight Seed

Burpee's String}essteen Pod

1 & 2 12.9 - 1.9 b 106 e l.O -
3 21,9 — 2.8 2.8 Le2 34 1.5 ———
!I- 3506 209 802 301} 806 608 300 -—tn
5 29.6 L8 8647 9.2 85.6 14.0 945 30.5
Fleld Run -ll-oz 805 1107 25.7
Pencil Pod Black Wax
1 & 2 2303 — 11—03 — 201 — 1.0 ———
3 21&'5 2'3 6.3 201 309 203 2.0 ———
ll- 27.0 900 18.14— LI-.S l;.O 601 3.3 S
5 24»09 506 7100 905 9000 11;07 9307 3107
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Table 2. The Effect of Date of Harvest and Varieties on the Maturity,
Fibrousness, Moisture Content, Ascorbic Acid Content, and
Color of Snap Beans (1948).
Maturity Fiber
Per cent Per cent Fiber F.DeA. Blendor
Seed Seed Organe. Pressure Fiber Fiber Organ.
Raw Canned Maturity Test/lbs. Mg./100 Mg./100 Fiber
Date of
Harvest
1st 3.7 440 8.1 643 19.8 16.8 93
2nd 8.6 801} 608 8032 2901} 39.8 8.7
3rd 1302 13-3 505 8.85 620‘(— 8605 707
Lth 28.2 25.1 Leb 10.18 161.1 222.3 646
L.S.De 5% 1.1 1.1 3 o3 16.0 — 3
F value 786.5%% 292,58  157,0%%  172,9%% 128,76 e 984436
Varieties
Stringless
Green Pod 14.4 1443 6.3 9.09 93.9 131.2 8.1
Pencil Pod
Wax 1215 1l.2 602 708 [}201;- 76.4 8.1
L.S.De 5% o7 8 2 2 11l.4 r— 2
F value 25 o 2FF 3 5 06*'* 03 117 . 8** 810 7** -—— ———
Per cent Mg./100 Green Yellow Green Yellow Organ.
Moisture Ascorbic Pigment Pigment Pigment Pigment Color
Acid Raw Raw Canned Canned
Date of
Harvest
lst 90.7 llol 1111-03 8.8 71&.8 9.7 7.6
2nd 89.4 13.0 89.9 Tols 5548 Tel 6¢5
3rd 8803 15.6 10308 705 MQL} 6ol+ 5.9
4th 8247 22,2 85.0 bols 47.2 6e3 LT
LcSoDo 5% 106 103 906 '5 - — 0’4—
F value 269 P 1064 136¢ 14 Gt 29 ¢ 2363 e — Bl
Varieties
Stringless
Green Pod 8700 1.609 160.8 12,0 9800 1l.4 701}
Pencil Pod
Wax 8805 147 3502 3.l ul—oll— 3.6 1}09
L.SODO 5% 0‘% 09 6.8 .l]. ————— ——— .3
F value 5le2t 36413 1371.0%%  2276.0%% _ ~—  350.0%%

¥%Significant at 1% level



Table 3. The Effect of Time of Harvest, Variety, and Growing Season on
the Maturity of Snap Beans as Measured by Objective and
Organoleptic Tests (1949).

Per cent Per cent
Seed - Seed Organoleptic Grades
Raw Canned Maturity Color Flavor
Harvested at
L% seed Leb Leb 76 7e2 6.0
8% seed Te7 Te'l 6¢2 6e7 6e2
12% seed 12.3 13.0 5¢4 6.7 57
16% seed 167 16.3 Le2 646 649
2% seed 247 2561 3.3 6.1 6.9
L.S.D. 5% level 1.2 1.0 o!-l. 03 03
F value 311-100** 1&7209'3('* 17301'“_* 11-7** 1206**
Variety | - N
Bountiful 13.2 1309 11.09 5.5 6.1
Tendergreen 12.7 12.3 5¢5 Tok Tel
Black Valentine 13.8 13.8 57 7.0 6ely
L.S.D. 5% level .9 08 03 03 o2
F value 207 1002** 20.1** llh.j%(‘* 3805**
Season
Spring 12.2 12.2 5044 70 6.6
Summer lBoll— 1307 502 6.2 6.0
Fall 14.0 14.1 S5¢44 649 6ol
LeSeDe 5% level 49 .8 3 .3 .3
F va.lue 703** 1205** 1.0 2]-0\11-%_3‘L 109*'*
Replications -
1 13,0 12.9 563 6.6 6.6
2 13.6 1345 5.1 6.8 6e5
3 12.9 13.3 5.5 6.5 6e5
I3 132 13.6 5¢5 6.8 645
LQS.DQ 5% level 1.1 09 ol-l- 03 03
P Value 06 08 2.7 105 2

*#%*3ignificant at 1% level



Table 3+ The Effect of Time of Harvest, Variety, and Growing Season on

(Cont.) the Maturity of Snap Beans as Measured by Objective and

Organoleptic Tests (1949).

FDA Blendor Fiber
Method Method Pressure Organoleptic
mg./100  mg./100 Test Overall
_ Zmse Zns e lbs,. Fiber Grade
Harvested at
L% seed 35 17 643 749 A
8% seed 85 51 Te2 70 6.0
12% seed 180 157 846 640 547
16% seed 282 26‘!- 907 5¢1 501
2% seed 451 470 10.0 440 Leb
LoSth 5% level M* 36 03 014- .l{-
F value 11608*'* 20809*'* 219.7** 113 06*'* 3505*‘*
Variety -
Bountiful 163 173 8.4 53 L9
Tendergreen 6k 78 7.8 Toky 646
Black Valentine 393 324 8.9 53 5e3
L.S.D. 5% level 3&- 28 2 03 o3
F value 200, 53¢ 16063¢ L 8 113, 7% 93 .18
Season
Summer 271 240 8.9 57 5e¢5
Fall 175 158 8.2 6.2 546
L.S.D. 5% level 34 28 .2 o3 o3
F value 22, 1¢¢ 18,9+ 315 T3 1.3
Replications
1 200 194 B2 6.0 5.8
2 201 203 843 5.9 5e5
3 221 174 84 59 5.6
L 205 196 8.5 6.0 5e¢5
L.S.De 5% level 39 32 3 ok ol
g 5 l.1 1.1 ol 1.6

F wvalue

% Significant at 5% level
¥%*Significant at 1% level
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Table 4. The Effect of Time of Harvest, Variety, and Growing Season on

the Maturity of Snap Beans as Measured by Objective and

Organoleptic Tests (1950).

Per Cent Per Cent .
Seed Seed Organoleptic Grades
Raw Canned Maturity Color Flavor
Harvested at
L% seed hel 349 747 6e5 59
8% seed 8.1 8.1 601} 6el 608
l% seed 11.8 1205 501 5.8 6.‘!-
16% seed 1602 1606 li—o6 505 6ol|.
2’.{% seed 21-!-02 23.1{— 301 Ll-o7 6.2
LeSeDe 5% level 1.2 lesl oll» n3 ol}
F value . 32103** 362.7** 18206** 3608’”’* 6.0*"‘
Variety -
Tendergreen 12.9 12.7 52 6.0 6e5
TOP Crop 1.3.7 1307 ho9 601 6011-
Range_r 11,9 1205 509 5.1 601
LeSsDe 5% level 09 o9 03 o2 3
F value 702** 1-1-03* 27.0*'* 11.2.0** l}o?*
Season - .
Spring 13011- 1300 503 5.5 600
Summer 13015 1306 503 5.7 606
Fall 11.7 12.2 5.6 6.0 6oy
LeSeDe 5% level «9 09 03 o2 03
F value 8. 5%% 540 2.6 70 ¢ 2% 8¢ 5
Replications
1l 13.0 12.3 55 5.7 YA
2 13.0 13.3 564 5¢5 6ol
3 13.0 13.3 53 5.9 A
4 1244 12.9 5e¢4 5.8 6ol
LeSeDe 5% level 1.1 1.0 oll- 03 oh
F value o6 1.6 o8 2.7 1.2

# Significant at 5% level
##Significant at 1% level
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Table 4. The Effect of Time of Harvest, Variety, and Growing Season on
(Conts) the Maturity of Snap Beans as Measured by Objective and
Organoleptic Tests (1950).

Fiber
FDA Blendor Pressure Organoleptic
Method Method Test Overall
mg. /100 gms. lbs. Fiber Grade
Harvested at
k% seed 9 I Le5 9.0 6a5
8% seed lh 10 5 . 6 8.1 6 03
12% seed 30 25 6.0 740 57
16% seed 60 31 6.6 6e2 5.2
2&% seed 118 189 6.9 505 leLl-
L.S.D. 5% level 8 16 o2 03 03
F value 2142 6% 188,6%%¢ 194,936 157,%%% 67.2%%
Vhriety
Tendergreen L5 51 6.2 7.1 5.8
Top Crop L6 50 6ol 649 57
Ranger 48 54 504 7 ob 53
L.S.D. 5% level 06 12 o2 2 )
F value 03 03 7601-)-** 1700*'* 9.7-’(_*
Season
Spring L2 55 5.8 7e1 5.3
Summer 5 5 51-} 6 03 7.0 5 06
Fall 4l L6 567 Teh 549
L.S.Ds 5% level 6 12 2 o2 2
F value 12.7')('* loll.l 40.6"'('* 3.91* 11,8
Replications
1 L6 50 549 T.1 5.6
2 L7 L5 6.0 Ted 5¢5
3 45 59 549 Tel 57
L L7 53 59 Te3 57
L.S.D. 5% 18'731 7 ll} 2 03 03
F value 03 103 03 -7 103

¥ Significant at 5% level
#%Significant at 1% level
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Fiber. Another factor to be considered in growth and maturation of
snap beans is the development of the fibrous sheath in the wall of the
pode Stark and Mahoney (49) have investigated extensively fiber develop-
ment in snap beans.

The effect of delaying the harvest on the fiber content is presented
in Tables 2, 3, and 4« In general for all varieties there was an increase
in fiber content as the harvest was delayed. The fiber content of the
beans in 1949 was much higher than for 1948 or 1950. This was a varietal
difference and is shown in Fig. 1. It is obvious that Black Valentine
and Bountiful have fibrous layers which develop at a much faster rate and
to a much greater extent than do Tendergreen, Top Crop or Ranger. The
blocked in portion on the figure represents the standards set up by the
Food and Drug Administration. Both Black Valentine and Bountiful exceed
these 1imits for fiber content when they have reached the 10 and 14 per
seed stage respectively. This is well within the range where most beans
are picked commercially. On the other hand the other varieties did not ex-
ceed the fiber limits until the 25 per cent seed stage was reached.

Table 5. The Relationship of Season and Variety to the Fiber Development
of Snap Beans (mg./100 gms.)e.

Black

Bountiful Tendergreen Valentine
Spring 13 53 325
Surmer 204 77 533
Fall 141 62 322

In 1949 and 1950 there was a tendency for beans grown in the summer to
develop more fiber than those grown in the fall when beans of both seasons
were measured at the same stage of maturity. This is best shown in Table 5,

where the 1949 data are presented including the high fiber producing varie-
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ties Bountiful and Black Valentine along with Tendergreen. At first glance
it would appear that Black Valentine was affected to a greater extent than
the other varieties, but actually the percentage increase in fiber of
summer over spring is nearly the same for all varieties. Thus although
Tendergreen increased from 53 to 77, Bountiful from 143 to 204, and Black
Valentine from 325 to 533, still the ratio of fiber increase was 1.5, 1.4
and 1.6 respectively.

Moisture. The effect of delaying the harvest on the moisture content
of the two varieties Burpee'!s Stringless Green Pod and Pencil Pod Black
Wax, was determined during ihe 1948 growing season. As the per cent seed
increased from 4 to 24 per cent, there was a corresponding decrease in the
moisture content from 90.7 per cent to 82.7 per cents In terms of total
solids this difference appears more important since it is an increase from
9.3 to 17.3 per cent. Pencil Pod Wax had a higher moisture content than
did Burpee's Stringless Green Pod, this was probably a result of harvesting
the Pencil Pod Wax at an earlier stage of maturity as is shown by the
varietal differences in per cent seed.

Ascorbic Acid. Ascorbic acid was found to increase 100 per cent as

the harvest was delayed from the L per cent to the 24 per cent seed stage
of maturity, from 1l.1 mg./100 gms. at 4 per cent seed to 22.2 mg./100 gms.
of fresh material when the beans reached the 24 per cent seed stage of
maturity. Thus ascorbic acid content increased much in the same manner as
total solids, so that on a dry weight basis, there was little change in
ascorbic acid. This is in agreement with the results of Hibbard and Flynn
(23). The amounts present in the most edible stages (up to 15 mg.) was
considerably less than the 22.0 mg./100 gms. of fresh material found by

Heinze and coworkers (22) to be the average of 200 varieties growh in
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South Carolina. This might indicate that the stage of maturity used by
Heinze and coworkers (22) was considerably advanced.

Pigmentation. Pigmentation was determined both organoleptically and
objectively for the beans grown in 1948. In 1949 and 1950 the color
determinations were limited to organoleptic grades. In general, pigmenta-
tion was found to decrease as the beans matured regardless of the method
of measurement used.

It is interesting to note the varietal differences in pigment concern-—
tration. As might be expected the green beans had more green pigment than
the wax beans (Table 2); the green variety also had a greater concentration
of yellow pigments than the yellow variety. This indicates that the
yellow pigments were partially masked by the presence of the green pigments.

The panel results in 1949 showed that Tendergreen had the best color,
Black Valentine was rated next, followed by Bountiful. In 1950, Tender-
green and Topcrop were graded similarly for color and were both found to
have a more desirable appearance than Ranger. These data indicate a panel
preference for a dark green over a light type.

The season was found to affect the color grade given by a panel of
judges. In 1949 the beans harvested from the summer crop were found to
be less desirable than the beans harvested from the spring or fall crops.

In 1950 there was an increase in desirability as the seasons pro-
gressed with the beans having the best appearance produced in the fall.

Over-all Gradee. The over-all grade, which takes into consideration

maturity, fiber, flavor, and color decreased as the delay in harvesting
increasedes In 1949, Tendergreen was graded higher than Black Valentine
which in turn was graded higher than Bountifule In 1950 there was less

difference in the over-—all grades; however, Topcrop and Tendergreen were
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graded slightly higher than Ranger. No effect of season was noted for the
over-all grade in 1949 but in 1950 those beans grown in the fall were
graded highest with those grown in swmmer and spring following in that
order.

Flavor. Flavor in snap beans in 1949 was found to increase as the ma-
turity increased, those with 16 and 24 per cent seed having the best flavor;
however, in 1950 the panel selected those beans at the 8 per cent stage of
maturity as having the best flavor. In both cases the presence of seed
added considerably to the flavor. In 1949 Tendergreen was found to have a
better flavor than either Bountiful or Black Valentine. In 1950 both
Tendergreen and Topcrop were graded higher in flavor than Ranger. In 1949
the panel graded the spring and fall crops as having better flavor than the
summer crop. In 1950 the reverse was true, with those beans grown in the
summner having better flavor than those grown in the spring or fall,

Effect of Season and Variety. By using the increase in per cent seed

as an index of growth, it was found that there are both seasonal and
varietal effects on growth and maturation rates. Ais is shown in Fige. 2,
the five varieties studied react differently to various seasonal and c¢cli-
matic conditionse In 1949 Bountiful reached the four per cent seed stage
in 49 days when planted on May 11l. It took 41 days when planted on June 23,
and 62 days when planted on August 2. A similar pattern holds for the
other varietiese. This difference in time is probably due to temperature
differences for the most parte.

The variety Tendergreen was included in the experiments both in 1949
and 1950 and its reactions to season and yearly climatic changes are shown
in Fig. 2+ The spring crop reacted similarly for both years when only

several days! difference was noted in time required to reach the 4 per cent
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seed stages However, the summer crop reached the /4 per cent seed stage 4
days earlier than in 1950, but took nearly twice as long to reach the 24
per cent seed stages In this case perhaps rainfall and not temperature
was the environmental factor which controlled the growth and maturation
rates The fall crop in 1949 required 13 days longer to reach the 4 per
cent seed stage than in 1950, In spite of this fact the temperature summa=-
tion for the fall crop in 1949 was greater (27,864) than in 1950 (24,600).
This was perhaps due to unfavorable pod set conditions.

Different varietal responses Lo the same growing conditions may also
be pointed out in Fige 2; for example in 1950 Toperop and Tendergreen
followed the same pattern. Ranger on the other hand was several days to
a week slower in each season to reach the 4 per cent seed stage. Ranger
also required a longer period to develop from the 4 per cent to the 24
per cent seed stage. This was probably due to the peculiar growth habits
of this variety which continues to set pods over a period of nearly 2
weeks, where other varieties tend to be more concentrated in time of sett-
ing.

Temperature Summations. The indications from these data are that
environmental factors greatly influence the length of time necessary for
snap beans to reach any given stage of maturity. Temperature is only one
of the factors involved. A great deal of work has been done on a large
number of crops on the use of temperature summations for planning of plant-
ing schedules and predicting harvest dates. This work is summarized by
Walls (53)s To date little has been done with snap beans in this connection.
Stark and Mahoney (49) suggested a base line of 50° F. This base line was
used by Gould (18) who reported the use of temperature summations for 47

varieties of snap beans. He found that most snap bean varieties require
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27,000 heat units to reach the optimm stage of maturity and suggested
planting at every 600 degree hours for smoothness of picking operations.

Temperature data were obtained for the months of May through October
for both 1949 and 1950« The results of the number of degree hours above
a.50 degree base line necessary to bring any of the varieties tested to
the 8 per cent seed stage of maturity in any season are presented in
Table 6. These data show that in 1949, 29,333 degree hours were required
to bring snap beans to a commercial stage of maturity, but in 1950 only
24,470 degree hours were required. Thus nearly 5000 degree hours, or in
terms of average days, approximately 8 days difference must be explained
by factors other than temperaturee. Seasonal differences were also noted.
It was found that crops planted in the spring required a lower number of
heat units than those maturing in midsummer and fall. Varieties were
found to have different heat requirements as has been reported by Gould
(18)s However, varietal differences were found to be not as great as year
andlseason differences. On the basis of these data the use of temperature
surmations alone would be of limited value for planning planting dates and
of even less value for prediecting harvesting dates, since there seems to
be no exact number of degree hours necessary to bring the pods to a com-
mercial picking stage of maturitye.

It is thus apparent that other environmental factors such as rainfall
can be limiting regardless of temperature. For example, in the summer of
1949 the crop matured during an extended dry period which lasted several
weeks. The daily mean temperature during this period was between 80 and
90° F, but regardless of this high temperature fhe maturation of the pods

was slow as compared to 1950, This effect is shown in Fige 2.
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Table 6. The Effect of Seasons, Varieties, and Years on the Degree Hours
Necessary to Bring Snap Beans to the Eight Per Cent Stage of

Maturity.
Number of Degree Hours
Spring Summer Fall Variety
Year Variety Crop Crop Crop Average
1949 Tendergreen 27,624 31,272 27,864 28,920
Bountiful 27,624 29,750 28,704 28,692
Black Valentine 29,232 31,212 30,720 30,388
29,333 (1949)
1950 Tendergreen 22,272 24,10 24,600 23,672
Topcrop 22,272 24,144 24,600 23,672
Ranger 24,768 26,688 26,750 26,068
24,470 (1950)
Season Average 25,632 217,868 27,206
F value LeSeDe 5%
Varieties 3ol 1,403
Years 174 1%% 807
Seasons 12.9% 992

# Significant at 5% level
#¥*Significant at 1% level
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It is interesting to note that Went (56) working with tomatoes found
that night temperatures control the rate of stem growth, and that the
optimal night temperature is not constant but decreases as the plants be-
come older. Night temperatures also completely regulate the fruit set,
with the optimum gradually shifting lower as the plant grows taller and
older. It is very possible that a similar condition exists for snap beans
especlially for those varieties which do not concentrate their pod set.
Thus, if this is true and if night temperatures are not suitable for pod
setting, the pods will not begin their growth until the combination of

blossom presence and suitable night temperatures are attained.
Relationship of Yield to Quality

Although the yield of snap beans is of great importance, its relation-
ship to quality cannot be ignorede As in other crops quality suffers if
harvesting is delayed to the point of obtaining maximum yields at any one
picking. Consequently, it is necessary to find the proper stage of ma-
turity and the number of pickings necessary and practical to maintain
quality and still obtain high yields. Tables 7, 8 and 9 show varietal dif-
ferences as well as effects of harvesting at various stages of maturity.

Number and Time of Harvests. Considering the first harvest only or
the first picking at the five stages of maturity (Table 8) it can be seen
that yield increases progressively as the harvest is delayed until the 16
per cent seed stage is reached. The point of maeximum yield varies for
different varieties, some reaching their peak yields closer to the 24 per
cent seed stage. If a second harvest is made when the beans reach their
respective maturity stages, those being harvested at the 4 and 8 per cent

seed stages will show yields comparable to the first picking, but those
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beans harvested at the 12 per cent seed stage would yield considerably less
than the first picking. Harvesting twice at the 16 and 24 per cent seed
stage was found to be impractical because of the very small additional
yields.

It was found that when four pickings were made at the 4 per cent seed
stage, three at the 8, and two at the 12, that the accumulated yields for
each treatment were nearly the same and in some cases were higher at the
younger stages of maturity. It may be impractical to harvest at the four
per cent seed stage since theAyield per picking was so lowe.

Perhaps the most profitable method would be to harvest two or perhaps
three times for some varieties, when the beans have matured to the 8 to 12
per cent seed stage. By this method quality would be substantially main-
tained and yields would also be highe The actual harvesting practice for
any given field would of course depend on the relation of expected price
to quality so that if a sufficiently high premium could be obtained for
very immature beans, it might be profitable to harvest at a stage of matur-
ity younger than 8 per cent and harvest more frequently, or sacrifice a
greater part of the potential yield (Fig. 3).

Varietal Differences. The varieties grown in 1948, namely, Stringless

Green Pod and Pencil Pod Black Wax, yielded less than the varieties grown
in subsequent experiments. In 1949 Black Valentine and Bountiful, and in
1950 Topcrop and Ranger, were found to produce higher yields than Tender-
green. Zaumeyer (64) who introduced Topcrop, found that the average yield
in all states tested was 10,576 lbs. per acre, as compared to Tendergreen

which yielded 6,339 lbs. per acre. These results agree with the relative
yields obtained in this experiment. The somewhat higher yields reported

by Zaumeyer may be due to yields from irrigated crops included in his
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Table 7. The Effect of Date and Frequency of Harvesting on the Yield and
Quality of Green and Wax Beans (1948).

Stringless Green Pod

Pencil Pod Wax

Per cent , Per cent
Seed of total Seed of total
Yield per L4 sieve Yield per L sieve
Method of Harvesting lbs/acre cent or less lbs/acre cent or less
Harvested once:
L da.ys from pla.n'bing 2421 Le2 704 11-&95 LI—OO 7540
L8 u u n 21,8 845 13.0 3092 8.7 28.9
L9 = n " 2530 9.5 11.6 3473 9.0 17.9
50 » " " 2806 11.7 14.9 3804 12.2 10.0
56 n " 1 3274 3045 5e¢5 3692 25.8 5.0
Harvested twice:
4y days from.plantlng 2421 Le2 70.4 1495 4.0 7540
K1 » n 1713 248 Sheb 589 3.0 61.9
Total o ¢ o o« o o o o 319l|. 3 92 m 20814- 3 . 7 7103
48 days from plantlng 2148 845 13.0 3092 8.7 2849
58 n " 11%8 6.0 — 1210 5.0 —
Total o o o o o o ¢ o 33 -’Z—oz L|—302 Te7
49 days from planting 2530 9e5 11.6 3473 2.0 17.9
56 n " " 955 Le2 20 1032 346 —
Total « o ¢ o o o 0 o 3‘!-85 8.0 15 «0 14.505 7.8
51 days from plantlng 2806 11.7 149 3804 12.2 10.0
62 1 " 661 11.6 — 799 9.5 —
Total s o @ o o o » o 3%7 1l. 7 ’-}603 11. 7
Harvested three times:
Ll days from plantlng 2421 Le2 704 1495 440 7540
LT n " 773 2.8 5446 589 3.0 61.9
50 o n " 396 3.3 6749 362 2.1  82.8
Total o ¢ ¢ ¢ ¢ ¢ o o 3590 308 6607 21-!»1!«6 305 7300
Harvested four times:
L), days from planting 2421 he2 Tk 1495 40 7540
L7 on " T73 - 2.8  5heb 589 3.0 61.9
50 " n 396 343 679 362 2.1 82.8
53 n " " 381 3.2 21.1 382 2ok 5he5
Total ¢ ¢ o ¢ ¢ o o o 3971 3 ° 7 5 o2 2828 3 03 70 s 5
L.S.D. 5% level 651& 654




Table 8. The Effect of Maturity and Frequency of Harvesting on the Yield of Snap Beans (1949).

Tencorgraszn Bountiful Black Valenting Averagse
Method 1h3e/acre Per Cent lbs./acre Per Cent lbs./acre Per Cent Per Cent
of . Each Accums of Maxe . Each . Accums of Max. . Each Azcuma. of Max, of Max.

Harvesting Picking Totsal Yield Picking Total Yieid Picking Total) Yield Yield

Harvested at

L% zeed
st plcking 1189 1189 19.9 2465 2465 2969 2030 2030 202 Ry06
2nd picking 1392 2581 L3.2 3219 5681, 65.0 3103 5133 6l.2 57.8
3rd picking 1972 4553 7662 1653 7337 89,1 1943 7076 Sholy 83,2
Lih picking 580 5133 85.9 580 T9L7 9641 957 8033 95.8 2.6
Harvested st
8% saed
lst picking 3074 3074 51le5 Li37 L4437 5349 L350 4350 51,9 524
Znd picking 2059 5133 85.9 205¢ 6496 7849 3045 7395 88.2 8Lhe3
3rd picking 841 5374 100.0 1131 7627 92.6 986 8381 100.0 9765
Harvestad at
i2% seed
ist picking 4611 4611 TTe2 6438 6438 78.2 5974 5974 ARy 7565
Zrd picking 1247 5858 98.1 1798 8236 100.0 2001 7975 95.1 9767

Hazrvrested et
165 sead 5220 5220 89.1 6293 6293 6ok 70L7 7047 840 - 83.1

Harvested at
Zl{-% geed 53.'3’-5- 5101} 85 oL} 6612 6612 80,2 68141{- 681—;.!&- 83.06 820}.}

L.S.Ds 5% level 855 855 855




Table 9« The Effect of Maturity and Frequency of Harvesting on the Yield of Snap Beans (195C).

Tendergrsen : Toperep. Ranger Average
¥ethod lbs./acra Per Cent 1bse/acre Per Cent 1bs./acre Per Cent Per Cent
of Each Accums. of MaXe Each Accume of Maxe Each Accume of Max.  of Max,
Farvesting Picking Total Yield Picking Total Yield Picking Total Yield Yield
Harvested at
L% seed _
ist picking 1943 19L3 RhLe2 2732 2732 28.7 1972 1972 19,7 2ya2
2nd picking 1943 3886 L85 2558 5260 55.6 2320 5L292 1,340 £9.C
3rd picking 2020 5916 739 2076 7366 TT ek 2146 6438  bhe5 TLe9
Lth picking 812 6728 840 1624 _ 8990 QL5 2088 8526 853 81L.9
Harvested at
8% seed
let picking 4217 4217 52.6 5290 5290 55.6 4826 4826  48.3 52,1
2nd picking 1873 6090 7660 2250 7540 7943 2946 1772 T7.8 777
3rd picking 812 €902 8602 11467 9007 SLe6 2201, 9976  100,0 3.6
Harvested at
12% seed
1zt picking 5452 5452 68.1 6814, 6eLl, T1.9 6293 6293 63.0 6746
2nd picking 2552 8004 100.0 2668 9512 100.0 2581 8374 8849 9643
Harvested at
165 seed 5429 5129 678 7134 7134 75.0 7389 7389 TLe0 7202
Harvested at
20 seed 6073 6073 7548 7575 7575 796 7702 7702 7762 TTe5
LeSeDe 5% 1017 1017 1017
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reportss Zaumeyer also reports that when Topcrop is picked 4 times the
yields per picking are nearly equal. This was also found to be true in
this experiment. On the other hand thé yield of varieties Tendergreen,
Bountiful, and Black Valentine tended to decrease at the last picking.
The variety Ranger, because of its growth habits, tends to continue in
production and may be picked 5 and possibly 6 times.

Season Differences. Table 10 shows the effect of season on yield of

five differeﬁt varieties. The variety Tendergreen which was grown both
Years, gave lower yields when grown in the spring than when grown in the
summer or fall. A possible explanation for the low yield during the summer
of 1949 is the hot and dry period which resulted in a poor pod set. The

fall growing season in 1949 was favorable for high yields of all varieties.

Table 10. The Effect of Variety, Season, and Year on the Yield of Snap

Beans.
Yield in lbs./Acre
Year Variety Spring Summer Fall
Crop Crop Grop
1949 Tendergreen 3335 3422 6L67
Bountiful 4379 6061 8526
Black Valentine L6540 5191 9209
LeSeDe 5% level 440
1950 Tendergreen 3816 6612 6090
Toperop 6264 11 7018
Ranger 6272 6612 7308

L.S¢De 5% level 534

In 1950 there was less difference between seasons as far as yields were

concerned, This may in part have been due to an adequate supply of soil
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moisture throughout the entire summer. Both Tendergreen and Topcrop pro-
duced the highest yields during the summer season, while Ranger produced
its highest yield in the fall. The period during which the beans were
maturing in the fall of 1950 was cold and very wet, possibly explaining

the lower yield for that crop.
Growth Regulators

Recently two growth regulating substances, para-chlorophenoxyacetic
acid and maleic hydrazide, have been shown to partially control maturation
of some crops (34, 38, 45, 61). These materials were therefore selected
for a study of the practicabiiity of using growth regulating substances to
retard maturation in snap beanse.

Para-Chlorophenoxyacetic Acide The results of the application of

para~chlorophenoxyacetic acid (CLPA) to snap beans are presented in Tables
11 and 12 and Figures L4 and 5. It was found that the three concentrations
el, o3, and «9 per cent affected the beans in a similar manner; therefore,
for ease of presentation these were averaged and are hereafter referred to
as the treated plots.

The application of CLPA had a retarding effect upon fiber development,
as is shown in Figure 4. Four days after spraying, the fiber content of
the check plots was 117 mge of fiber per 100 gms. of fresh material while
the treated plots increased only to 85 mge of fiber. After 7 days the
check plots had reached 254 mge of fiber and the treated plots had increased
to 231 mg. of fiber. Ten days after spraying the check plots had increased
to 48l mg. and the treated plots to 312 mg. However, when a panel graded
samples of these beans organoleptically, no differences were detected be-

tween the fiber content of the treated beans and those not treated.



Teble J1le The Effect of Snap Beans of Three Levels of Para-Chlorophenoxyacetic Acid Where Harvests Were
Made 4, 7, and 10 Days After Application (August, 1949).

Fiber , , _ , Yield in
Concentration Per Cent TFiber mg./100gms. Pressure Organoleptic Grades — O poor - 10 good 1lbs, per
of - Seed Blendor FeDohs  Tester , o Overell 30 ft.
CIPA Spray Canned Raw Method Method (lbs.) Color Maturity Fiber Flavor Grade Row
0 13.4 13.0 284 223 8.9 6.0 5.1 54 6.7 54 10,1
e1% 9.5 Go.7 192 162 8oy 5e5 560 566 643 540 9.7
l3% 9"/ 9‘7 225 181 806 5.3 5.1 5.9 603 501 9e3
« 9% 9.0 8.5 210 168 802 53 5.1 5eb 57 LeT 95
L.S.De 5% level 109 107 39 14-6 05 o/+ .5 06 sl{- ol{. h.o
F veluve 9@60’*"“‘10078%'* 801-1-1*'* 2081-;'3{'*3 906* 5096** alp e65 6 998** 6@50%% 05

% Significant 5% level
##Sienificant 1% level

O
A



Tatle 12, The Effect on Snap Beans of Three Levels of Para-Chlorophenoxyacetic Acid Applied at Three
Stages of Maturity (September, 1949).

Fiber Yield in
Concentration Per Cent Fiber mg./100gms. Pressure Organoleptic Grades -~ Q poor - 10 good 1bs. p2r
of Seed Blendor FoDoAe Tester , ‘ _ Overall 30 fte.
CLPA Spray Canned Raw Method Method (1bs,) (Color Maturity Fiber Flavor Grade Row
0 10.5 10.4 3 120 8.0 Tel 6.3 6.5 7.0 6,5 10.1
o1% 8.9 8.5 77 120 Te5 6.5 6ol %) 6ok 5.8 10.8
3% 8.2 Bk 68 121 Te5 6o6 6.2 6.8 6.6 6.1 10.1
9% Toh 83 65 109 743 6. 6.1 6.7 6oty 509 10.9
LeSoDo 5% level 1.1 1.0 ll{- lL} oi{. ol,'. al—p o!l+ 03 o2 69
F value 11,667,910 1,11 29 3.87¢ 4. 053¢ +20 093 5.673% 30,26%% 193

* Significant 5% level
##8ignificant 1% level

L
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The increase in the per cent seed, which normally occurs as the snap
beans mature, was significantly affected by applications of CLPA. Seven
days after the application the treated plots showed an increase from 4.9
to 7.8 per cent, while the check had increased from 4.9 to 13.8. After
ten days the check plot contained 18.1 per cent while the treated plots
were significantly lower at 12.1 per cent (Figure 4).

When the beans were judged organoleptically for maturity no signifi-
cant difference was noted in the maturity of the treated beans and those
not treated. This was perhaps due to the fact that the treated beans
appeared upon casual observation to be of the same maturity as the checks,
i.e., their pods were as large as the checks and appeared to have large
seeds. However, in many cases the seeds were in reality small and the pods
were bliétered and punky. When the pods were graded for shape according
to U. S. standards, it was found that the treated beans had a much higher
percentage of misshapen pods than those not treated. This was particu-
larly true of the variety Bountiful (Figure 8).

The fiber pressure tester showed a decrease in resistance to shearing
for the treated beans over the untreated ones. This was probably due to
the retardation of the seed and fiber development.

The panel scores showed a significant decrease in the color, flavor
and over-all grade (Figure 5) of the beans treated with CLPA over those
not treated.

Data presented in Table 2 show the results obtained with .1, .3, and
.9 per cent applications of CLPA at three stages of maturity. As in the
previous experiment, it was found that the increase in per cent seed was
significantly retarded by these applications. However, no significant re-

tardation of the fiber content was accomplished in this experiment. The
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Figure 6%*

The Effect of <9 Per Cent Para-chlorophenoxyacetic Acid on
the Plants (upper) and the Pods (lower) of Snap Beans*
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Figure 7.

The Effect of *9 Per Cent Para-chlorophenoxyacetic Acid on
the Stems of Snap Beans* Check left, Treated right*
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Figure 8%

The Effect of Para-chlorophenoxyacetic Acid on the Pods of
Snap Beans« Check left, Treated right¥*
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fiber pressure tester again showed the treated beans to have less resis-
tance to shearing than the check. The taste panel found no significant
difference between the treated and untreated samples as far as fiber and
maturity were concerned. However, as before, the treated beans were
graded significantly lower for color, flavor, and over-all grade. In both
experiments CLPA had no significant effect on the yield.

It can be stated that applications of CLPA to snap beans significantly
retarded the development of the seed and fiber, and did not affect the
yields On the other hand, it was found to reduce quality as measured by
color, flavor and over-all grade, as well as cause a higher percentage of
misshapen pods.

It was noted in the midsummer crop that the highest concentration of
«9 per cent, and in some cases .3 per cent, caused considerable damage to
the plant., Three or four days after application the leaves became curled
and burned and plants opened up, while in later stages the stems became
thickened and misshapen and in some cases there was severe leaf drop
(Figure 5 and 6). This was especially true of the variety Bountiful. These
effects were not noted as extensively on the fall crop.

Maleic Hydrazide. The results of the experiments with maleic hydrazide

are presented in Tables 13 and 14 and Figure 9. Actually the data pre-
sented in the figures are the interactions between the concentration of
maleic hydrazide and time of application. The results indicated that maleic
hydrazide applications were highly specific in relation to the stage of
development of the plant. It was found for example, that when a 1 per cent
solution was sprayed on the plant at the early blossom stage, all flowers
and flower buds had abcissed in a few days. The plants were not killed, but

remained stunted and unproductive,
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As shown in Figure 9, application of maleic hydrazide at the full
bloom or early pod stage, significantly retarded seed and pod development.
Those beans sprayed at full bloom with a 1 per cent solution contained
only 6.2 per cent seed when the check had reached 24.3 per cent seed.

Maleic hydrazide had less effect on the fiber content than CLPA al-
though in the midsummer experiments there was found to be a significant
difference between the check and the plots treated with maleic hydrazide.
This difference may have been due to the varieties used. In the experi-
ments with CLPA two of the varieties, Black Valentine and Bountiful, have
potentially high fiber contents while all three of the varieties used in
the maleic hydrazide experiments are potentially low fiber content types.

When judged organoleptically (Figure 9), treated beans were found to
be much tougher even though they appeared to be mich younger as far as
maturity was concerned. This toughness was apparently not due to increased
fibrousness, but rather to a brittle condition.

The flavor of the treated beans was found to be significantly less
desirable than those which were not treated. The over-all grade of the
beans sprayed with maleic hydrazide was also found to be significantly
less than the untreated checks.

The yields of those plots treated with maleic hydrazide were found
to be significantly lower than those which were not treated. It is ine
teresting to note that these data are significantly correlated (.728) with
the retardation of seed development.

The data obtained with applications of maleic hydrazide at different
concehtrations and at different time in the development of snap beans,

has shown that full bloom and early pod applications significantly retarded



Table 13+ The Effect on Snap Beans of Three Levels of Maleic Hydrazide Applied at Four Stages of

Maturity. Experiment L. (June, 1950).
Per Cent  Blendor Fiber Yield in
Meleic Hydrazide = Seed Fiber Pressure Qverall 1bs. per
Treatment " Raw mg./100gms. Tester Color Maturity Fiber Flavor Grade 15 fte
(1bs.) Row
Concentration
Check 15.7 L3 567 53 19 6.2 5¢3 5.2 bel
JOL% 15.1 56 6.0 5e3 Ls8 5¢9 5.0 Lhe9 6.1
0 2% 12.1 6L 6.0 5.1 5.0 52 L6 L5 JANe;
1.08 10.8 63 565 5.1 5¢5 he2 3.8 3.9 Re2
L.S.D. 5% level 2.0 18 03 c5 oLl. 5 e/ e-’-{- 97
F value 10088%* 2937 7072** 037 ll— 2*"9 26 8:1.“"%.8 611.\"* 19086'""“ 6201 HH
Applied at
Full Bloom 1196 ll5 5-6 503 567 501 l(-ol Z{-oll- 305
Ea.rly Pod llol{. 66 5@8 500 ’+08 501 l;,.l_p Ll-oz{- l{»oB
LY s=ed 14,5 L8 5.9 503 LeG 5.5 La8 L.8 53
82 seed 1602 65 599 5.3 ll.o8 6oo 5.2 500 5.!{.
L.3.D. 5% level 2,0 18 3 05 Ql-lv ¢5 '7 l!- ' 07
F value 10, 7Lse¢ 3043 2690 50 Toly T3 H.78610,30 §,788 14,82
#* Significant 5% level
*i3ignificant 1% lavel



Table 1he The Effect of Snap Beans of Three Levels of Maleic Hydrazide Applied at Four Stages of

Vaturity. Experiment II. (August, 1950).

Per Cent Blendor Fiber Yield in
ialeic Hydrezide — Seed Fiber Pressure Overall Ibs. per
Treatment Raw mg./100gms, Tester Color Maturity Fiber TFlavor Grade 15 Tt

{(1bs,) Row
Concentration
Check 25e8 187 7a2 503 l;..Z 5@2 501# 15-07 803
OL% 23.2 211 73 5¢3 L.6 542 5.3 4.8 942
2% 18.9 176 Te2 5e2 Le5 L9 L9 Le5 Te2
1.0% 15.1 180 6.9 5.2 502 Lel el 5.0 5.0
L.5.D. 5% level 2:6 2l~l- .5 03 LL 05 03 3 1.0
F value 30,12%¢ 2.69% 1,12 0060 12,66 12,848%25,13%0¢ 11,69 28,11%%
Applied at
Full Bloom 15.6 146 760 52 5.1 Le'7 Le5 Le2 53
Early Pod 18.2 226 T3 5e2 Le'T Le5 Leb 1ia3 7s1
L!/- Secd 2&:.2 198 703 503. l{.os 502 502 1&07 80&-
84 Seed 25.0 184 7.1 53 L2 540 5ely L.8 8.9
L.5:.De 5% level 2.6 21}- 05 03 ol-l- -5 03 93 1.0
F value 28,698¢ 36.63%F T4 6 13.02¢% L, 50861, 563 wsl*% 2269
# Significant 5% level
#%3ignificant 1% level
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development of the pod and in effect retarded maturation, but at the same

time the yield and quality were significantly reduced.
Storage Studies

Beans are often transported long distances from farm to processing plant
or market. Further delays in handling are often encountered because of
processing or marketing procedures. It is, therefore, important to know
what changes take place in the quality of the snap bean during storage.

In 1948 studies were made on the effect of temperature and duration
of storage on quality. The data obtained are presented in Tables 15 and
16 and Figures 10 and 11.

Physical and Chemical Composition. The duration and temperature of
storage had no effect on the per cent seed content of snap beans; however,
when graded organoleptically by a panel of judges, those beans stored for
10 days were scored lower for maturity than those not stored. No effect
of temperature of storage was noted by the panel.

No change in the fiber content was noted when fiber was determined by
the official F.De.A. method or by the fiber pressure tester. However, when
the fiber was determined by the Blendor method the fiber was found to in-
crease from Thel mge to 134.5 mg./lOO gms. of fresh material. This is in
agreement with the panel grades which indicated that beans stored from 4
to 7 days contained more fiber than the checks. Scott and Kramer (46)
found a similar situation in asparagus, where the Blendor method was more
closely correlated with the organoleptic grade than the Official method.
It is possible that there is an accumulation of hardened cellular sub-
stances as the storage is prolonged. Perhaps these substances are dis-

solved by the hot alkali and therefore no increase is indicated by the
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Table 15 The Effect of Duration and Temperature of Storage on Maturity
and Fibrousness of Snap Beans.

Maturity Fiber
Per Cent Per Cent Organo~ Fiber F.D.A. Blendor Organo=-

Storage Seed Seed leptic Pressure Fiber Fiber leptic
Variable Raw Canned Maturity Test/lbs. mg./100gms,  Fiber
Duration of
Storage:

0 days 13.2 12011. 6.5 8.08 6903 74014- 805

1 da.y 1208 12.2 6.5 8.19 6708 91:3 8.4

il- days 1309 1206 603 8051{. 61.3 11203 8.1

7 da.ys 11.[-02 1301 6&1 8.72 75.7 12305 8.0

10 days 13.1 13.1 57 84,69 667 13L4e5 Te5
L.S.D. 5% level 1020 10214- .l.l. olL 18.0 — cl}
F value 109 ol#8 6.07*'* l+o93 066 —— 9011}**
Temperature af
Storage:

35°F, 12.9 11.8 bobs 8.3  59.4  96.8 8.2

5Q°F, 13.9 13.3 be2 841 The.8 112.4 8.1

70°F. 13.5 13.0 6ol 8.58 70.3 1lhk.2 8.0
L.S.De 5% level 9 1.0 03 03 114-00 ——— 03
F value 2071 2011 1036 1059 2059 s e 1.21

##5ignificant 1% level
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Table 16. The Effect of Duration of Storage, and Temperature of Storage
on the Moisture Content, Ascorbic Acid Content, and Color of
Snap Beans.

Ascorbic Green Yellow Green Yellow Organo-
Storage Per Cent Acid Pigment Pigment Pigment Pigment leptic
Variable  Moisture mg./100gms. Raw/ppm Raw/ppm Canned Canned Color
ppm ___/ppm __ Grade

Duration
of Storage
0 da.ys 87,5 22.0 10300 803 66.8 8.7 7.0
1 day 87.9 19.2 104.0 7.8 60.9 Te9 645
L days 88,0 1308 9308 Te5 L7.8 6.8 6e2
7 days 87.6 1103 9807 7.2 5107 701 505
10 days 87. 11.0 90-8 6-8 h9ol 606 505
L.S.D. 5%
level o7 105 10.8 06 — — ok
F value 25 8603)"’* 1203** o 20 w— — 2109**
Temperature
of Storage
350F. 87.8 15.7 10442 8.0 56.3 7.8 645
500F, 87.6 15.9 95.8 Te3 5544 Ty 62
70°F. 87.7 14,7 9461 Te2 54¢2 7.0 57
LeSe.De 5%
level 05 1.2 802 05 — - -3
F va.lue 03 203 301-}* 704"'% — - 1207**

#* Significant at 5% level
#Significant at 1% level
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FDA methode On the other hand the Blendor method may not break these
pieces up finely enough to allow their passage through on the screen.

The moisture content was found to remain the same throughout the
storage period regardless of the tempsrature of storage. This is in
agreement with Parker and Stuart (42) who found no change in the moisture
content of beans held at 289C. (83°F.) for 95 hours. When the pods were
split and beans removed they did find a reduction of moisture from 87.9
to 85.7 per cent in the pods only, during a period of 58 hours, and a re-
duction of moisture in the beans from 77.3 to 73.8 per cent when the beans
were held at room temperature. This loss was probably due to exposure of
cut surfaces.

The ascorbic acid content was reduced by 50 per cent, from 22.0 mg.
to 11.0 mg./100 gms. of fresh material, by a storage period of 10 days.

This loss during storage is not peculiar with snap beans but has been found
to occur in asparagus (46) and lima beans (47) as well as in other vegetables.

Color measured both organoleptically and objectively, was found to de=~
crease as the duration of storage increased. The beans stored at 35° F were
found to have better color than those stored at 70° F (Table 16).

loss in Weighte Probably the most important loss in storage is the

loss in weight. Table 17 shows the losses in weight of sieve sizes 4 and 5
at 35, 50, and 70° F. The green beans were found to lose 41 per cent of
their weight in a fifteen day period when stored either at 35 or 50° F and
58 per cent in a fifteen day storage period when stored at 709 F. Wax beans
lost 42 per cent when stored at 35 and 500 F and 63 per cent of their
original weight when stored at 709F, These results seemed exceptionally
high; therefore a similar experiment was carried out in 1950 using the va~

rieties Tendergreen and Topcrop. These varieties lost 21 to 23 per cent of
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Table 17. Weight in Grams of Snap Beans Held in Storage at 350, 509, and
70° Fo (1948).

350 F, 50° F. 70° F,
Days Sieve Size Ave. Per Sieve Size Ave. Per Sieve Sizg Ave. Per
Stored #il  #52 Cent Loss #4'  #5° Cent Loss #il  #52 Cent Loss
Burpeé's Stringless Green Pod
0 308 308 308 308 308 308
1 308 308 307 308 305 305 1.0
2 304 304 1.3 304 304 1.3 296 299 3¢5
7 290 294 502 295 294 5.0 265 261, 14.0
15 179 18, 41le3 185 180 40.8 137 126 5Tk
Pencil Pod Black Wax
0 308 308 308 308 308 308
1 308 308 308 308 308 308
2 304 304 1.3 304 304 1.3 294 299 3.8
7 292 293 5.1 291 291 546 252 269 15.5
15 179 181 41.6 179 181 41l.6 103 135 61.4

%Sieve # - 18/64m
Sieve #5 - greater than 18/64"
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their original weight in a 7-day storage period at room temperature (Table
18). The beans were shriveled and dried and although the per cent moisture
remained the same in those beans stored for a tenfday period, there was
actually a decrease in the moisture content of the snap beans, accounting

for the loss in weight.

Table 18. The Loss of Weight of Snap Beans During Storage at Room Temperature
for Six Days (1950).

Tendergreen Topcrop
Days Weight Per Cent Weight Per Cent Weight Per Cent Weight Per Cent
Stored in gms, Wte Ioss in gms. Wi. Loss in gms. Wt. loss in gms. Wte. Loss

0 1000 . 1000 1000 1000

1 961 349 956 Lok 956 Lok 961 39
2 912 8.8 906 by 908 9.2 916 Bely
3 889 1.1 878 12.2 882 1.8 880 12.0
L 857 1.3 8L5 13.5 845 13.5 845 13.5
5 820 18.0 807 19.3 805 19.5 807 19.3
6 789 2l.1 766 234 768 232 775 22.5

Parker and Stuart (42) found that green beans had an exceedingly high
respiration rate. Small beans liberated an average of 211.8 mgms. of GO,
per hour per kilogram qf fresh weight while large beans had a somewhat
higher rate. However, upon calculation of the loss due to respiration it
was found that respiration ;ccounted for only an insignificant amount.

Lieberman et al. (31) studying the effect of films on weight loss and other
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factors, found that moisture loss in cellophane packages was insignificant.
The unpackaged lots on the other hand lost considerable weight, especially
after 10 days at 40° F, or after 1 to 3 days at 70° F, following a week's
storage at 32 or 40° F.

Objective Tests

For many crops objective methods have been established for determin-
ing méturity - for example the ténderometer (54) for peas and the succulo-
meter (30) for corn. The need for a standard way of measuring maturity in
snap beans is strikingly brought out by a review of papers concerning re-
search on this crop. A few examples of the various methods used to indicate
maturity are presented as follows:

Parker and Stuart (42) in their work on changes in the chemical com-
position of green beans after harvest used for their studies commercially
picked beans divided into two groups. ®"Small beans were those that had a
smooth pod without noticeable bean formation, and large beans were those
with 2 noticeable bulging of the pod due to bean formation.® Culpepper (7)
used tagging or recorded age as a method of measuring maturity. DBeans were
harvested 10, 15, 20, 25, and 30 days after date of floweringe This method
is applicable for 2 specific crop, but as was shown in a preceding section?
seasons and varieties greatly influence the time from blossoming to any
given stage of maturity.

Gould in his series of papers (16, 17, 18, 19, 20) reports harvesting
at three stages of maturity - "Grade A, B, C," where A may refer to a range
of 2.3 to 9.5 per cent seed, B from 5.0 to 15.6 per cent seed, and C from

8.7 to 25,0 per cent seed.

2See page 25.
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Hibbard and Flynn (23) graded snap beans for Vitamin studies into 5
stages of maturity according to seed length. These were as follows:
stage 1, less than 7 mm. in length; stage 2, 7 to 10 mm.; stage 3, 10 to
1 mm.; stage 4, 14 to 18 mm.; and stage 5, over 18 mm. It should be
pointed out that some varieties have smaller pods and seeds than do others
so that by the time one variety reaches 16 mme in length of seed, it may be
much further along as far as maturity is concerned than other with the same
seed length.

Caldwell and coworkers (3, 4) used seven stages of maturity in their
dehydration studies. These stageé of maturity were based on per cent seed
and per cent hull,

It has been shown in the preceding sections that there were increases
in per cent seed, fiber content, and resistance to shearing; and a decrease
in pigment concentration, moisture and ascorbic aecid as the beans were
allowed to mature. All of these factors present possible ways of measuring
maturity objectively. In order to evaluate methods of measuring the above
changes it is necessary to find out if a method is correlated with some other
established objective test, such as the tenderometer or AIS in the case of
peas (54), or with organoleptic grades determined on a series of samples by
a panel of judges. For the purpose of evaluating objective tests a corre-
lation coefficient (r) of 800 between method and panel evaluation has been
established as the lower limit of acceptability. However, if a test is
found to have an r value of .700 the test is still considered for further

study.>

Per Cent Seed. The correlations (r) between per cent seed, raw and

3Conference on taste testing panels - Bureau of Human Nutrition and
Home Economics Mimeo., Washington, D. C. 1950,
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canned, and organoleptic grades and other objective tests are presented in
Table 19. As might be expected the per cent seed does not change materially
upon processing. Increases in per cent seed were found to be highly cor-
related with increases in fiber development regardless of the method of
fiber determination useds Per cent seed was also found to be highly cor-
related with organoleptic grades for maturity and fiber. The effect of
flavor and color graded organoleptically, which are poorlyicorrelated with
the development of snap beans, probably lowered the correlationvbetween

the per cent seed and the over-all organoleptic grade.

Fiber. The fiber pressure test, which measures resistance to shearing,
was found to be fairly highly correlated with organoleptic grades for ma-
turity and fiber and other objective methods for determining fiber (Table 20).
However, on the basis of three years! results, it was found that this test
did not meet the limits set up for acceptability. The shear-press developed
by Kramer and coworkers (28) eliminates some of the problems found in the
pressure tester, since it has a greater range and measures more than one
pod at a time. Perhaps additional work with this instrument might indicate
its usefulness for this purpose.

The F.D.A. and blendor methods for determining fiber were found to be
highly correlated in 1948 and 1949. 1In 1950 the three varieties used were
low in fiber content making relatively small differences in fiber loom
large, which in turn lowered the correlation between the two methods. Tak~
ing all factors into consideration the blendor method appears to be equal
in accuracy to the alkali digestion method proposed by the Food and Drug
Administration, while it is approximately six times as rapid as the FDA

methode It also does not involve the use of hot lye which must be handled

carefullye



Table 19.

The Relationship, Expressed as Correlation Coefficients, Be-

tween Per Cent Seed, and Other Objective and Organoleptic
Tests for Snap Beans.

62

Per Cent Seed
Raw
1948 1949 1950

Per Cent Seed
Canned
1948 1949 1950

Per Cent Seed Raw
Per Cent Seed Canned
Organoleptic Maturity
Fiber Pressure Test
FDA Fiber Method
Blendor Fiber Method
Organoleptic Fiber

Organoleptic Overall Grade

——— = ———

«900 937 .883
~+790 -.800 -.818
oThT 750 698
«8lh .638 .848
863 o750 781
—eT9L =o706 ~o82%
-— =¢537 =700

«900 .937 .883
~ebL7 ~e810 ~u841
o34 T4 «T10
o869 678 .836
o837 773 768
=eTh8 =797 ~.821
- =535 =694
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Table 20, The Relationship Expressed as Correlation Coefficients, Be-
tween Methods of Determining Fiber and Other Objective and
Organoleptic Tests of Maturity for Snap Beans.

Fiber Pressure
. Tester FeDeA. Fiber Blendor Fiber
1948 1949 1950 1948 1949 1950 1948 1949 1950
Per Cent
Seed Raw 07h7 0750 .698 0814 c638 o8h8 0863 750 .781
Per Cent
Seed Canned 073h 0774 0710 0869 0678 0836 0837 0773 0768
Organoleptic
Maturity --761 -.66h _0762 —0620 ~o568 —.705 -0933 ‘-565 —.6#8

Fiber Pressure
Tester

FOD.AO Fiber
Method

Blendor Fiber
Method

Organoleptic
Fiber

Organoleptic
Overall Grade

682 718 L6443

e396  JTHT W524

—.761 —.736 -075h

.631 "'cll«7o

682 718 .643

<903 911 757

=T34 =707 =a551

=77 =e532

0396 .747 '524

«903 «911 757

-.708 ""0806 "051}8

=542 =¢517
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Color. The data presented in Table 21 shows that color, whether
determined by objective methods or measured organoleptically, is not highly
correlated with other objective tests or organoleptic grades for maturity.
The high correlation between the green pigment determinations made on the
raw beans and the organoleptic color grades indicates that the judges
based their grades almost entirely on the presence of the green and not the
yellow pigment.

Moisture and Ascorbic Acid. The loss of moisture as the beans matured
was found to be fairly well correléted with seed and fiber development.

The increase in ascorbic acid was not too well correlated with the increase
in maturity as measured by other objective and organoleptic tests. Both
methods involve time, and laboratory facilities as well as a trained
technician.

Of the methods tested in the course of this experiment the determina-
tion of per cent seed in the field is the best method for determining ma-
turity. The blendor fiber method was found to be the most rapid and
accurate method of determining fiber of canned beans. Combining per cent
seed and fiber determinations, a multiple correlation coefficient (R) .94
was obtained, indicating that the two methods together give the most
accurate evaluation of maturity in snap beans.

Weighting of Grades and Standards. The method of assigning weights
to factors considered in grades and standards has been one of trial and
error. The data obtained during the course of this experiment lent itself
to a study of this problem. Kramer (27) has proposed a mathematical method
of weighting these values. The data used for this method are presented in

Table 22.



Table 21, The Relationship of Color Determinations to Other Objective
Tests Expressed as Correlation Coefficients.

Green Yellow Green Yellow
Pigment Pigment Pigment Pigment Moisture Ascorbic

Raw Raw Canned Canned Per Cent Acid

Per Cent Seed

Raw -.190 —0077 -e157 - 169 -+555 594
Per Cent Seed

Canned +090 092 -e123 -.133 -.881 «623
Organoleptic

Maturity . 1310— «212 «239 . 2314 . 754 --391
Fiber Pressure

Tester 023\:4- .312 001 -0056 .a’+l9 '-'.770
Fo.D.A. Fiber

Method .186 «168 <121 078 =842 o491
Blendor Fiber

Method 0076 0129 "'0019 -0026 ~e 820 0207
Organoleptic

Fiber e 121 0176 0133 0157 0686 “¢308
Green Pigment

Raw — 097LP .846 -650 0009 0127
Yellow Pigment

Raw 097Ll— — . 886 0974 a009 0150
Green Pigment

Canned 0814.6 0886 —— 0805 .003 0331|-
Yellow Pigment

Canned . 650 097l+ . 805 —— . 027 . 285
Organoleptic

Color 0936 0658 0670 .583 0330 0016
Moisture Per

Cent 009 «009 003 «027 -— 607

Ascorbic Acid
mg./100gms. 127 «150 o334 285  =.607 -
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The method involves a multiple correlation procedure where grades
for each factor involved are correlated with an over-all grade. The in-
fluence of each quality factor is thus established mathematically.

The standards for canning quality set up by the U.S.D.A. (58) are as
follows: clearness of liquor, 10 points; color, 15 points; absence of
defects, 35 points; and maturity, 40 points. It was not possible to com-
pare the U.S5.D.A. grades with those used in this experiment since the
factors selected were concerned primarily with maturity, eliminating the

effect of defects and clearness of liquor,

Table 22, Correlated Coefficients of Organoleptic Grades.

1949 1950 1949 & 1950

Combined
Maturity X Fiber «720 «881 739
Maturity X Flavor —e 2Tk -e291 ~+280
Ma.‘turity X Color 512 .L’lp2 oLily2
Fiber X Flavor ~o057 «101 o029
Fiber X Color 014-62 0508 0396
Fiber X Overall «832 o772 772
Flavor X Color o176 -.128 .082
Flavor X Overall 0265 o214 «296
Color X Overall 668 «712 620
Altogether X Overall «919 2943 0927

Of the factors under study the results in 1949 indicated that fiber
contributed 50 per cent, flavor 15 per cent, color 25 per cent and ma-
turity 10 per cent, toward the over-all grade. It must be noted that the
varieties involved show tremendous differences in fiber content. Hence
the importance of fiber. A similar analysis of the 1950 data indicated
that fiber contributed only 20 per cent of the grade, flavor 20 per cent

color 20 per cent, and maturity LO per cent. These results were obtained
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with 3 varieties all of which were potentially low in fiber content. By
combining the data for 1949 and 1950 fiber was found to contribute 25

per cent, flavor 30 per cent, color 15 per cent, and maturity 30 per cent.

SUMMARY AND CONCLUSIONS

Field studies were made on factors affecting quality in snap beans.
These studies included seven varieties which were grown over a three-year
period. The factors under consideration were growth and maturation, re-
lationship of yield to quality, the effect of application of certain
growth regulators on rate of maturation and quality, the effect of dura~
tion and temperature of storage on quality and a study of objective and
organoleptic tests of quality. The results may be summarized as follows:

le As snap beans mature the per cent seed was found to increase
from 4 to 24 per cent seed in a period of two to three weeks for most va-
rieties. The fiber content also increased as the beans matured. There
was a pronounced varietal difference in fiber content. Bountiful and
Black Valentine developed fiber at a much faster rate, and to a much
greater extent than did Tendergreen, Ranger, and Topcrope.

2. As the beans matured their moisture content decreased from 90.7
per cent at the 4 per cent seed stage to 82.7 per cent at the 24 per cent
seed stage. Ascorbic acid increased from ll.l to 22.2 mge/100 gms. of
fresh material for the same maturity range. Color, flavor, and over-all
grade were found to decrease as the beans matured.

3. Seasonal differences were found in the number of days required
to reach maturity, the summer crop maturing most rapidly.

Le The number of degree hours necessary to bring snap beans to the

eight per cent stage of maturity in 1949 was 29,333 and in 1950 was 24,470
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indicating that the use of temperature summations for setting planting
dates and for predicting harvesting dates may not be as practical for
snap beans as for other crops.

5« A study of the relationship of yield to quality showed that as
the harvests were delayed the yield increased at the expense of quality.
Harvesting two or three times, when the beans have matured to the 8 or
12 per cent seed stage of maturity appears to be a reasonable compromise
where quality would be maintained and yields would also be high.

6+ Application of para-chlorophenoxyacetic acid to snap beans at
concentrations of <1 to .9 per cent for the purpose of retarding matura-
tion had the following results: The development of the seed and fiber
was retarded as measured by objective testse In effect maturation was
slowed down without a reduction in yield. However, this was offset by
a reduction in the gquality as measured by organoleptic tests for color,
flavor, and over-all grade and shape of pod. Aapplication of maleic
hydrazide at concentrations of .04 to 1.0 per cent retarded seed and pod
development when applied at full bloom and early pod stage. However,
large reductions in yield as well as quality as measured organoleptically
accompanied this retardation.

7. There was no change in the seed or fiber content of snap beans
that were stored up to 10 days at 350, 509, and 70° F when the beans were
measured by Food and Drug Admwinistration Method. However, increases in
fiber were noted when the beans were measured by the blendor method and
organoleptically graded. There was no change in per cent moisture although

there was in some cases more than a 30 per cent loss in weight. The
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ascorbic acid content (mg./100 gms. of fresh material) decreased by 50
per cent in a 10-day storage period. All organoleptic grades showed
poorer quality for those beans stored than for the checks.

8. Off all the methods tested for determining guality in snap beans
the determination of per cent seed appears to be the most useful for de-
termining the quality of beans before processing or for the fresh market.
The more rapid blendor method of determining fiber appears to be equal in
accuracy to the alkali digestion method proposed by the Food and Drug
Administration. A test combining per cent seed and blendor fiber determin-
ations is an excellent indicator of snap bean quality.

9. A multiple correlation analysis (R2 .86) indicated that the
weights to be assigned to the quality factors studied should be; maturity

30 per cent, fiber 25 per cent, flavor 30 per cent, and color 15 per cent.
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Appendix Table 1, The Interaction of Time of Harvest and Variety of Snap Beans (1948).

Fiber
Per Cent Per Cent Organ. Pressure F.D.A.
Seed Seed Maturity Tester Fiber = Fiber Grsen Yellow Organ. Mois— dAscorbic
Variety Harvest Raw Canned (1bs.) mg./100gms, Raw  Raw Color ture Acid
Tendergreen 1 4.3 L3 8.2 6.9 - 19 9.3 190 13,7 8.4 90.3 11.3
2 9y 10.3 6.9 867 39 8.7 147 12,0 7.9 89.1 13.0
3 14.3 15.1 5.4 2.7 91 7.9 168 12,1 7.4 27.1 15.6
L 29.1 273 Lely 11.0 226 6.3 137 10,0 5.7 81.7 2242
Pencil Pod
Tax 1 301 3&6 7.9 5.9 20 9.3 37 1+09 6.7 91.0 1008
2 708 ) 605 6:5 800 19 8.6 33 207 500 89.7 lloll-
3 12,0 11.7 547 8.0 34 Te5 39 2.9 L3 8945 13.2
by 27.0 R2.8 L6 Fe3 77 6.9 33 2.8 3.8 83.9 2C3
L.S.0. 5% :
level 195 231 05 : 05 23 05 18 08 05 09 l-?
F walue 37 2.55% 1,73 2.50% She50ME 3 1L 10,L2%9,3L58¢ 76 5,62 3,36%
it Sipgaificant 5% level
“3ignificant 14 level



Appendix Table 2. The Interaction of Time of Harvest and Duration of Storage of Snap Beans (1948) .

Fiber
Per Cent Per Cent Pressure FaDols

Harvest  Storage Seed Seed Organ. Tester Fiber Fiber Green Yellow Organ. Mols— Ascorbic

(days) Raw Canned Maturity (1bs.) mge/100 gms. Raw Raw Color turs Acid

Harvest 1, 0 Lol 3e3 Be5 6.6 23 9.4 108 8.8 8.9 9C.L 18.2

l 34-7 3@3 709 6@1 2.1. 901 ll’{ 8@7 7&3 9‘30[}- 12.3

L 3.8 lied 7.9 6.l 15 9.3 109 S¢8 75  90.3 Te2

7 3eky 3,8 Te7 boly 18 9.2 139 87T Tel 9062 7.8

10 3.6 561 8,0 643 22 93 96 .9 6.8 91.9 1G.0

Harvest 2 0 806 696 6.9 8»9 27 9«1 95 803 7-2 8897 1806

1 6.7 6a7 Tal 8.3 22 9.1 106 Telt  Te3  8%.3 16.6

L 8e6 8.7 6.8 7.8 pin 8.6 8l 7.6 7.2 915 11.7

7 8.3 Qo7 beb Soly 34 8.4 T2 668 5.1  89.4 9.0

10 10.7 10,1 6.3 8.0 38 8.0 89 6,6 5.2 88,8 Toly

Harvest 3 G 1159 1009 L}c? 86!{- 52 709 122 893 6&2 8708 21.9

1 13e6 12.4 509 8,1 l+8 8.0 113 8,0 697 89@2 180'{}‘

Ly 12,1 13.5 6.0 869 60 8.2 a7 7«9 5.5 83.3 1544

7 1.5 15.7 6.0 9.0 91 7o 91 6.8 5.3 88,2 11.1

10 134/ 1he? Le'7 Te5 59 6.7 10 Beli  Bedp 28,2 1253

Harveso 4 Cc 26,1 28a7 595 803 1'7::,\- 74'5 87 707 507 83@1 29@6

1 27.% 2643 5.0 10.0 178 7.0 a1, T Le8 82,7 295

Lz. 3008 214«02 14-&3 1068 1[{6 603 93 5n3 /:f,exB 8-66 2009

7 3044 2269 bold 10.9 159 6ol 20 5.5  Le3 82,9 16.3

10 2lheb 229 365 10.8 b 5 72 502 Lo  Bl.9 1446

L.5510s S% levol 2»1& 3@3 67 97 36 97 21 1.2 e? lel-. 3-0
F valu= 395 3,00 FL0EF $,56%% 092 2:16% 3,313,900 3,08t 2,11 Ly, 54

% Significant 5% level
#%3ipnificant 1% Jevel

DL



Appendix Table 3+ The Interaction of the Duration of Storage and the Varlety of Snap Beans (1948) .

Fiber
Per Cent Per Cent Pressure FoDalls
Varlety Storage. Seed Seed Organe Tester. Fiber Fiber Green Yellow Organ. Mois- Ascorbic
{days) . Raw Canned Maturity (1bs,) mg./1C0rms, Raw Raw Color ture Acid
Tendergreen O 13.7 13,7 6ol 9.1 85 8.6 167 12.7 7.9 86.9 22,1
1 13,7 13,9 6.5 8.8 98 8,3 168 12.6 7.6 85.9 21.5
L;. 1»’4-99 1397 6aL|- 9;1 85 8ao 156 1109 7.3 8696 1.6’4.02
7 1546 15.6 6.2 D62 136 8,0 163 11.3 6.9 87.0 13.1
10 13,9 4.2 567 Fe? 89 7.5 141 11.3 7.0 87.1 13.0
Pencil Pod
Wex G 1267 ll@l 6&5 7ol 5[4- 8;1{- 38 308 601 88&0 2108
1 11.9 10.5 6.5 746 37 84 33 3.0 5.5 88,9 16.9
A 12.8 11.6 662 8,0 38 8.2 30 3,0 5.1 89.2 12.G
7 1207 1005 690 8.2 38 7.8 33 301 /{-eLE- 8803- 991’4,-
10 1242 12,0 506 8.2 h5 Tl 4O 2:3 3.9 88,0 Qe
L.S:Ds 5% level 196 262 05 95 25 a5 1501 08 .5 1.0 2.1
F valus 3995%’* 3001’15'%' 3.&-0*')"' 6366,"’:""‘L 092 2016'7" 3931"\!—* 1&90 310”{"‘\!' 2.11 L&cf?{‘w
% Significant 5% level
ceSignificant 19 level



Appendix Table 4. The Interaction of the Temperature of Storage and the Variety of Snap Beans (1948).

Fiber
Per Cent Per Cent Pressure FoDado

Veariety Temps of Seed Seed Organ, Tester | Fiber Orgen. Green Yellow Organ. Mois— Ascorbic
Storase Raw Canned Maturity (1bs.) mg./100gmse Fiber Raw  Raw Color ture icid,
Tende,‘:green 3531‘?@ 13 96 .1300 603 | 8«9 3Ll,« 803 171 1206 798 86 09 1658
507F.  15.0 14.9 642 9.0 99 8.0 158 116 To3 8669 12,7
0% 1hals 1ha7 6.0 9.2 97 7.8 153 1le5 6.7 872 16,1

Bencil Pod

ey BSOFu 12-1 10-36 6:3 ?07 31} 8@0 37 3@1'!- 592 8836 l”‘\-s‘{j
S0°F. 12.7 11.5 @.O Y L9 8.1 33 2.9 5.0 83.4 141
?OoFo 1295 :Llol (701 . 7e7 15-3 801 Bll- 258 il-oll} 8805 13@15‘
LoSelie 5% level 1.2 1538 af:l‘ Qif 20 ol+ 12 96 1-1- 07 le{)
F valus 052 552 1Ll«9 ol/—!- .07 1919 1962 lsL}l 062 ) eol e-':‘.'6




Appendix Table 5. The Interaction of Time of Harvest and Temperature of Storage of Snap Beans (1948).

Fiber-
Per Cent Per Cent Pressure FeDoke
Temp. of Harvest Seed | Sead Organs Tester Fiber  Fiber Green Yellow Organ, Meis- Ascerbic
Storase Times Raw Carmsd  Maturity (1bs.) mz./100ems,. Raw Raw Color ture  Acid
35%F, 1 3e7 LeO 863 6.3 17 Qb 12,1 G.b 8.0 90,6 12.0
2 To'7 Tols 6.7 843 21 8.7 Qels 7o 6.7 89.6 12.5
3 12.8 11.7 567 8,8 L 8.1 11.0 8.1 6.2 88,4 16.1
ll— 2702 21!;-35 1}07 lOel 156 607 901 609 5&!-[- 8209 22&6
5007, 1 3.6 3.7 8.2 63 21 Gels  11.2 8.5 746 20.8 10.6
2 Fel 8,8 6.7 863 29 8.6 86 Tol o5  8%.4 13e5
3 i3s3 13.8 5oy 8.8 Th Tl 1045 Te5 5.8 88,8 16.2
,4- 29@7 2609 1]—05 1093 175 6-8 8.1 602 }4—.9 8199 2301-:-
TOCF. 1 3.9 3,9 Ta'7 647 22 9.1 10.8 8.5 Tel 907 10.7
2 2.1 9.0 649 8.5 37 8.7 R.9 7a3 .2  89.3 12.2
2 1204 1/.9 5.5 v 9.1 70 TeT 9.6 7.0 Eeb 87.9 1ie5
;4- 2?&7 23@8 }~!-a3 g lOal 153 60[-{. 8.2—&. 6@0 Lno 830[-!. 20a7
.30 5% level 1.8 205 a5 05 28 05 16 9.0 eé 1.0 203
F value 1e1l 2.13 +82 o 57 \967 083 29 o5 375‘ a5k 1.06




Appendix Teble 6, The Interaction of Duration and Temperature of Storage of Snap Beans (1948).

Fiber
Per Cent Per Cent Pressure F.Dolo
Storage Storage Seed Seed  Organ. Tester Fiber Fiber Green Yellow Organ. Mois- Ascorbic
Duration  Temp, Raw Canned Maturity (1bs.) meg./100mms. Raw Raw Color ture Acid
At
Harvest 350Fo 1392 120/-} 6.14- 800 69 895 103 803 700 87:5 2240
EGOF. 13,2 12.4 Hols 8.0 69 845 103 8.3 70 87,5 2240
7097, 12.2 124 bals 8.0 69 865 103 8.3 7.0 8745 22.0
1 day 35OF0 13.5 11@2 607 801 65 Bolp 106 850 6.1-!- 87.8 22‘3
50°F, 13.1 13.8 6.3 8.0 79 8,2 104 7.7 6.5 87.9 18.7
70°F I1e7 1l.5 6e5 8.2 58 8.4 101 Tel b6 88,0 16.6
L days BEOF; 1308 12.1 603 8.2 5!4. 800 93 '7.5 607 8800 1308
50°F, 13.8 12.9 643 8.5 67 7+9 8l To7 6.5 87.L 1.9
700F . 13,9 12,9 6,2 8,7 62 8.1 &2 6.9 6.5 87.9 12.7
7 davs 35°F, 12,5 11.7 boly 8.6 59 8.4 108 7.9 6el 8745 10.6
SOOFo JJ;,@'? 1306 6al 807 Sl 709 96 669 506 87¢l~'r 3-1"9
. 70°F, 15.3 13.8 5.7 867 85 745 81 6e7 L8 88.0 1.2
10 days 359F, 112 11.56 5.8 8.5 L7 7.6 109 8,3 6.3 88,1 9.9
500F, a7 13,5 546 8.5 77 Teb 30 5.9 52 87,5 12.0
’]OOFQ 3_3 al }l}ao 566 809 ?5 711 82 ésl !4-08 8793 llnz
LoS.Ds 5% level 2.1 2.8 ) ob 31 w6 19 1,0 6,0 1.2 2,6
7 wvalue 225 - 50 o 56 33 63 1.1 285 2.656% .72 NN 2,75

8



The Interaction of Time of Harvest and Variety of Snap Beans (1949).

Appendix Table 7.
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Appendix Table 8. The Interaction of Season and Variety of Snap Beans (1949).

Per Cent Per Cent  Organo- Fiber
Seed Seed leptic F.D.A. Blendor Pressure Crgenoleptic Cverall

Varisty Crop Raw Czmned  Maturity TFiber Fiber Tester Fiber Flavor (Color GCrade
Beuntiful

Spl“ing 1.205 1208 5.0 lL’-B 156 7-8 50&. énl 5.8 ‘;-{-09

Suﬁm‘ler 1306 Ur}ari A‘-eé 201{- 229 Boli i@-.8 600 501 i-}.()

Fall 12.3 1.2 5.0 43 135 8.9 5.6 6,1 5.6 4.9
Tendergresn

Spring 11,6 11,4 5y 53 &h 7.8 7.3 7.2 7.6 6.5

Surmer 1208 1109 5:6 77 96 8.4 703 701} 6.9 6»?

Tall 13.7 134 5.5 62 G3 T2 To3 6.6 7.8 6.3
Black Velentine

Spl‘ing 1207 ].2.2 508 325 333 893 5-}+ 6'01{. "203 50&@

Sunmer 13.7 14,5 55 533 394 9.9 beT 6.3 0.4 k.9

Fall i5.0 14.9 5.8 322 346 8.6 5.7 6.3 T2 5.4
L8.Ds 5% level 1.6 1.4 <5 58 42 ok o5 b o4 o5
F va.lue 969 1068 : 092 7’ 75*% 6¢26‘** 17029** 1594 2—o8* 5.66” 1- 86

¥ Significant 5% level
3ignificant 1% level



The Interaction of Time of Harvest and Seaszoen (1949).

Appendix Table 9.

Overall

Urzanoleptic

Grade

Fiber

Blendor Pressure

F.D.A.

Maturity Fiber

Orgeano=
leptic

Seed
Cenned

Seed

Per Cent Per Cent
Raw

Tiber Flavor Color

Tester

Fiher

Harvest

Crop

N0 O D
00w 3 3

/0070]4
77/07/0

13999
/O/Oé/D/O

D O\ 3t
[:] & o L] L]
[ NPT

O G O N
a © o o ®
OO W ONON

21
47
183
222
418

L7
56
178
206
379

NO o -T ON D~
[ ] * L L]
o e R VR NP £ Y

e

O~ ON NI
* e o o e

T~ W Q)
? nlz

WNONM
e o ® €& ¢

Sedgd

— N N =g

Spring

= O o n

Sumer

~F OO0 O
L] ° ®© L ] L]
Ve RNoIRTAN (o Wl o

,4nbﬁo,7/o
n14u40/040

/00./303
556 77

162 r)8
87/0 53

® e o
~F O~ -0

—f O
~ O

Fall

.6
1.06

.6

2,88%% 1,50

of o3

6. 203% 1.3k

1.6

62
2 a2

L6

o6
1.35

value

Ly o L2365

L.8.De 5% 1

—_
L

ificant 1% level

o
Sigmd

L33
ki

)

'Q.\



Appendix Table 10. The Interaction of Time of Harvest and Variety of Snap Beans (1950).

Per Cent Per Cent Organo- Fiber
Seed Seed leptic  F.D.A. Blendor Pressure Orzanolephic Cverall

Vapriety Harvest Rawr Canned Maturity Fiber Fiber Tester Fiber Flavor Celor Grade
‘Tendergreen 1 ko5 he3 7.7 8 3 Le6 8.9 6.0 6.5 6.6

2 8.2 8.2 6.6 17 6 5.9 8.3 6.8 6.2 6.7

3 12.0 12.6 bho8 27 19 6.3 6.9 6.5 6.0 5.8

L 15.8 16.4 L.l 59 21 7.0 6.0 6.5 5.9 .7

5 24..0 22.8 3el 115 209 Teb 563 6.5 5edy L5
Topcrop 1 3.8 4,0 7.5 8 3 Le5 9.1 6.1 6.8 6.8

R Sols 8.0 6.2 12 9 5.8 7.9 7.0 6.0 6.0

3 12.2 13,8 Loty 32 23 6.1 6.5 6.5 642 5.8

4 174 17.7 Lol 58 38 6.9 5,6 6.5 5.9 L.8

5 26.8 21.8 2.7 121 176 7.2 5.2 6.1 5.0 Loty
Ranger 1l 3.8 3.6 7.9 12 L Lol 2.0 5.5 6.2 6.1

2 7.9 8.2 6.4 13 1 5.3 8.2 6.6 5.5 5.7

3 ll.2 1l.1 6.l 32 34 545 7.5 6,1 5.1 5.4

A 15,2 15.8 5.8 64 36 5.5 7.1 6.1 o7 5.1

5 21.6 23.6 3.6 117 182 6.0 5.9 6.1 3.9 he3
L.3.D. 5% level 5.0 2.7 <9 6 .39 5 8 9 8 o
F value 2,18% 1.66 3,73 133 l.58 5,243 3,0 240 1.5 2,37

# Significant 5% level
¥Significant 1% level

+:8



Appendix Table 11. The Interaction of Season and Variety of Snap Beans (1950).

Per Cent Per Cent Organo- Fiber
Seed Seed leptic F.D.A. Blendor Pressure Orgenoleptic Cverall

Variety Seeson Raw Canned  Maturity Fiber Fiber Tester Fiber Flavor Color Grads
Tendergresn

Spring 13.9 12.8 5.1 43 65 6.2 7.0 6.0 567 5.4

Sunmer 13.5 13.6 4.9 45 43 6.7 6.8 6.9 5.9 5-7

Fail 1.2 1.6 5.7 L0 L6 5e¢G Tty 6.5 6.5 6.4
Topecrop

Spring l/-!-.l Moll- ll-o7 1{.6 15.9 5.2 6:5 6.1 6-&0 5-1‘-

Sumrer 4.8 13.9 5.0 L3 56 6.5 6.7 6.6 5.9 5.7

Fall 12.3 12.6 5.1 39 Lt 5.8 7.3 6.5 6.3 6.0
Ranger

Spring 12.2 11.8 6.1 L7 51 5.2 7.8 5.8 5,0 5.2

Summer 1i.9 13.2 5.9 56 A 5.7 Teb 6.3 5.2 5.5

Fall 1.7 12.4 5.9 50 L7 5.3 T3 6.1 5.1 5.3
L&S.Do 5% l"u-'el 293 251 .7 M 48 . 06 06, .7 .6 05
F vaelue 1.56 1050 .63 1.1&1 1-52 081 3910** 027 1070 201-]2*

# Significant 5% level
WSignificant 1% levael



The Interaction of Season and Time of Harvest (1950).

Appendix Table 12,
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Appendix Table 13. The Interaction of Variety and Delay of Harvest After Application of Para-chlorophencxy-
acetic Acid to Snap Beans (1949).

Days
After Per Cent Per Cent Organo- Fiber Over-
Applica-  Seed Seed leptic F.D.A. Blendor Pressure all Yield
Yariety tion Raw Cenned Maturity Fiber Fiber Tester Fiber Flavor Coclor Grade 1lbs./30% row
Black Valentine
L L.l 5.0 7.8 176 136 8.1 7.3 5.6 7.1 5.8 6.6
7 6.2 8.5 5.6 384 281 8.0 5.7 6.0 5.9 5.1 10.1
i0 9.6 9.3 4.8 492 346 Qely 4e3 6.3 5.4 a7 11.6
Bountiful
L 6.7 T.2 5.8 21 38 5.6 6.5 5.7 5.5 5.1 Tols
7 11.5 13.1 3.9 199 iyl 2.0 3.9 6.0 4.3 3.8 10.1
10 19.5 17.9 3e3 448 Lib 10.2 3.1 6. 3.8 3.5 12.3
Tendergreen
4 8.3 7.6 6.4 82 32 8.2 Te3 7.3 7.1 6.5 7.0
7 12.6 10.0 5.0 126 90 8.3 7.0 6.6 6.0 6.9 8.9
10 15.3 13.5 Le'7 123 140 9.9 6.0 7.2 4.8 5.1 11,2
L.S3.D. 5% level 2.8 2.5 .7 58 73 o7 9 .6 NG N o5
F value b, 8O¢ 1y o D23 .52 29,82%% 11,83%¢18,76%¢ 3,1%¢ 1,61 .98 .52 2.2

#:Significant 13 level



Appendix Table 14. The Interaction of Time of Application and Concentration of Para-chlorophenoxyacetic
Acid Applied to Snap Beans (1949).

Days

After Per Cent Per Cent Per Cent Organo- Fiber Over-
Applica- Concen- Seed Seed leptic F.D.A. Blendor Pressure Organoleptic all Yield
tion tration . Raw Canned Msturity Fiber Fiber Tester Fiber Flsvor Color Grade 1bs./30!row
4 0 7.1 7.8 6.3 117 o 7.7 6.3 6.9 6.9 6.1 7.1
.1 6,0 é.l 6.4 83 65 Tady Te2 6.0 6.7 5.9 6.0
.3 5.7 6.k 6.6 ol 58 Tl 7.0 6.3 b 6.0 7.6
G 6.5 6.1 7.1 108 57 7.2 Taly 5. 6. 5.4 7.5
7 0 1h.1 12.8 Leb 25 229 9.0 5.4 6.6 5.8 5.3 10.9
ol 9.6 10.1 5,1 195 134 8.0 5.5 6.0 5.3 4.8 10.8
03 803 9.9 503 26}-{- 1142 8.7 6.2 6el;- 5-2 5-2 9.2
09 851{- 9a6 l.p.lp 231& 183 8.2 5.1 600 502 lﬁol} 10¢6
lO O 3-8»9 1831; f:{mB L}-Sl 3[&8 1001 1}07 boB 5n£‘, é&ag 1205
el 12.9 13,0 2.8 300 287 10.0 L.3 7.2  Lheb 4.6 12.3
o3 14.2 13.0 3.6 348 343 10.0 Ls5 8s3  Le5 4.3 1.4
e 12.0 9.9 L0 290 265 9.3 L.5 5.9 4.2 4.0 11.7
L'S‘B‘ 5,% leVEl 308 308 99 65 81 08 1«1 e7 07 c7 2-1
F value 1,70 2,02 1.98 4o 09%E  ,99 .23 1.39  1.63 .36 .50 .73

®5ignificant 1% level

g5



Appendix Table 15. The Interaction of Variety and Concentration of Para-chlorophenoxyacetic Acid Applied
to Snap Beans (1949).

Per Cent Per Cent Per Cent Organo- Fiber Cver-
Concen- Seed Seed leptic F.D.A. Blendor Pressure Organoleptic all Yield

Variety tration Raw Canned Maturity Fiber Fiber Tester TFiber Flavor Color Crade 1bs. /308 row
Black Valentine

O 13-5 10-8 5.8 L}57 327 8»9 505 605 6.5 5:7 1006

el 10.0 6.6 6.1 302 213 8.4 5.9 6.0 6.1 5.1 9.2

o3 77 6.9 6.2 314 253 8.6 6.1 6.2 6.0 5.5 3.0

o9 TR 6.2 6.1 336 228 8.3 5.7 5.4 6.0 L6 9.0
Bountiful

0 12.5 14.7 L8 263 202 8.7 L5 6.2 5.0 L5 10.2

oL G2 12,1 Le3 172 204 8.2 el 6.5 L6 b2 11.2

o3 g.2 12.8 Lol 250 223 8.4 L7 6.2 L5 42 10.6

e? 9.8 11l.2 Lol 208 204 7.8 79 6.l L2 3.7 10.4
Tendergreen

o 14.2 13.5 4.8 152 1 9.3 6.5 7.3 6.6 6.0 2.8

.l .3 10.4 L9 103 69 8.7 b.5 7.2 6.0 6.0 8.8

o3 10.3 9.6 5.3 114 63 8.7 7.1 6.6 5.5 5.7 9.1

09 2.9 8.0 5.3 8¢ 72 8.5 7.2 6.2 5.8 5.4 .3
L.S.D. 5% level 3.8 3»8 s9 65 . 81 a8 1.1 07 e7 ¢7 2.1
£ value 2.08 21 1.10 5,21 56 .10 66 .80 .50 .66 .83

¥*#Significant 1% level

Q

b



Appendix Table 16. The Interaction of Time of Application and Concentration of Para-chlorophenoxyacetic
Acid Applied to Snap Beanz (1949).

Time of Per Cent Fer Cent Per Cent Organo- Fiber Qver—
Applica- Concen- Seed Seed leptic F.D.A. Blendor Pressure Crgancleptic all Tield
tion tration Raw Canned Maturity Fiber Fibsr Tester Fiber Flavor Color Grade lbs./30' row
Eerly Pod 0 6.6 5.7 7.3 33 1 6.0 Tk buy T.b 6.9 7.9
o1 5el Loy Tel L5 13 6.1 7.7 5.8 6.4 6.0 8,0
63 A"S‘ [}ol& 7.0 152 22 507 7.6 601& 643 6a3 802
o9 L3 3.6 T.1 23 Q 5.7 7.6 5.9 6.3 6.1 8.9
2% Seed 0 9.0 9.3 6.5 88 34 2.2 6.6 7.0 7.4 6.k 10.3
ol 7.0 7.3 6.1 87 38 7.6 6.6 by b4 5.8 il.8
3 Te3 Teb 6.6 104 27 Tedy Te3 b.5 6.6 6.2 10.4
09 ée9 602 507 67 36 708 6a6 605 69/’4- 5.9 1145
6% Seed 0 15.6 16.4 5.0 239 170 9.7 5.6 Tols 6.8 6.0 1l.8
ol 13.3 14.8 5.1 227 180 8.9 5.3 7.0 6.9 5.5 12.6
3 13.4 13.7 5.1 217 155 Q.4 5,6 6.9 7.0 5.8 11.7
.9 13.6 12.5 5.6 238 148 8.5 £,¢ 6.7 7.2 5.8 12.4
Le3.De S% Jevel 1.5 1«9 07 50 21;. 07 07 n5 07 ef:i- lié
¥ valus .17 52 1.59 «53 1.18  2.06 1.0 258 2.,68% 1,15 o1i5
#3ignificant 5% level



Appendix Table 17. The Interaction of Variety and Time of Application of Para-chlorophencxyacetic Acid to
Snap Beans {1949).

Time of Per Cent Per Cent Organo- Fiber Over-

Applica~ Seed Seed leptic F.D.A. Blendor Pressure Organoleptic all Yield
Variety tion Raw Canned Maturity Fiber Fiber Tester Fiber Flavor Color Grade 1lbs./3Cirow
Black Velentine

Early Pod 5.6 5.1 7.8 53 29 5.7 Ty 6.0 6.8 6.3 10.8

2% Seed 7011 609 6.7 185 63 607 605 60) 6.6 601 12.2

6% Seed 17»7 19.1 50!{» L80 335 1003 £|-03 6.( 709 501-6- i12.2
Eountiful .

Early Pod 5.0 hob 6.1 L1 8 5.8 s 56 5. 5.3 1.2

2% Seed 8.2 8.4 5ebn 52 27 8.6 5.8 6.0 5.0 L.8 1.0

6% Seed ]J{.QB 3.1{..5 zﬂml& 169 127 9-5 Ll-05 606 5.2 !Lo5 .].108
Tendergresn

Early Pod 4.7 Laly 7.6 13 6 6.1 8.8 6.9 7.8 7.3 Qels

2% aee“ 7ol 6.8 6.6 23 12 5.8 8.1 T 8.3 Tels 9.1

6 Qe 9-9 905 5.8 42 28 7;6 890 7-8 7.? 7;‘:}. 9’3
L.S5.D. 5% level 1.5 1.6 Wb L3 21 .6 .6 <5 .6 A 1.6
F value 16.8G¥% 22, 27F .88 L7.5%% 115, 92*%28 8138k 9,3438¢  ,3 6, 7LH5,05%¢ 1.63

=Significant 1% level



Arpendix Teble 18. The Interaction of Variety of Variety and Concentration of Para-chlorophenoxXyacevic aAc.iu
to Snap Beans (1949). .

Yer Cent Per Cent Per Cent Organo- Fiber Over-
Concen- Seed Seed leptic F.D.A. Blendor Pressure Organcleptic all Yield

Variety tration Raw Canned Maturity Fiber Fiber Tester Fiber Flavor Color Grade 1bs./30'row
Black Velentine _

0 10.3 10.8 6.5 243 149 7e5 547 7.0 7.7 6.3 20.4

ol 10.2 10.9 6.6 216 148 7.9 6.5 5.9 6.9 5.7 1z.2

03 10.0 10.7 6.8 227 146 Tels 6.3 6.5 6.8 6.2 12.2

e 10.0 9.0 6.6 240 127 Te5 5.9 6.1 6.9 5.7 12.3
Bountiful

0 11.6 10.9 5,6 87 50 8.7 5.5 6,1 5.5 5.3 10.2

ol 8.1 8.9 5.1 a8 &7 7.6 5e3 6.0 49 L5 11i.0

o3 Sely 8.6 5.1 107 L9 8.0 5.8 6.1 5.3 4.7 9.7

oG 8.6 76 5ody 68 48 7.6 5.8 6.0 5.2 5.0 11.8
Tendergreen

G .3 9.7 6.8 31 ig 7.6 8.5 T8 8.2 7.7 Q.4

il Tad 6.8 6.6 25 16 Tel 8.0 Te3  To& T2 9.1

5 6.8 5.0 6.8 29 10 7.1 8.4 T3 7.8  Tek 8.3

+ 5.2 5.6 6.1 20 18 6.9 8.4 7.1 7.9  Tal 8.5
L.5.D. 5% lavel 1.8 1.9 o7. 50 . pin o7 YA »5 o7 ok l-@
F value 1,84 1.33 79 olil W79 1.83 2,08  3.2%% A1 1.36 1.573

1";‘*FFS:'Lg:'ii:i'i<:am; 1% level



Appendix Table 19. The Interaction of Variety and Concentration of Maleic Hydrazide Applied to Snap Beans
{Spring 1950).

Fer Cent Per Cent  Organo- Fiber
Concen- Seed - leptic  Blendor Pressure Organoleptic Overall Y;el
Varisety trations Raw Maturity Fiber Tegter Fiber Flaver Color Grsde  1bs./15' row
Tenderzreen Check 16,0 Le7 33 5.6 6.1 L9 5.2 1o8 4,8
0L 17,1 L5 7L 6.0 59 5e2 543 L.9 Le8
o2 11.8 Lol 77 6.0 5.0 Lol L9 Le? 2.3
1.0 11.0 53 70 5.6 3.8 365 he? Sels S
Toperop Check 16.8 el 55 6.7 6.1 5.8 546 5.3 6.7
.Oi; 1699 A.Z 7l{- 606 595 502 5@3 1{49 699
.2 13417 1148 92 6@8 59»0 l;..8 5o5 2}95 5@1
14() 12::5 5.1 83 {).;0 l;-al 1—('-2 5.7 L'!-QS 307
Range:’ Check 1!5..52 506 39 11-08 605 5.0 502 jol{. 608
e/ 11.4_ 567 25 5.4 6.2 Leb 543 5.1 545
o2 10.7 5.7 22 50 5.7 L6 5.0 Le8 fab
1.0 2.9 6.0 34 Lo8 Le9 3.7 50 ol 2s1
L 3.0 5?:; Qevel .’4,9 loo L!-B né lol 1.0 ln 99 Zel
F wvalue 973 092 1983 1072 0192 1032 45i+ ‘73 090




Apperdir. Table 20. The Interaction of Variety and Time of Application of Malelc Hydrazide Applied to Snap
Beans (Spring 1950),

Tire of Per Cent  Organo- Fiber o
Variety Applica- Seed leptic  Blendor Pressure Organoleptic Overall Yield
tion Raw Maturity  Fiber Tester Filber Flavor Cclor Grade 1bs./15! row
Tendergreen
Full Bloom 1300 14-09 33 59.}4. 502 LL-.B 500 ]+;3 2.3
Ear].y Pod 10.8 - 4'5 70 508 l!-o? 14—03 l{-og L0 2.6
l{% Seed 1&02 1‘209 72 691 5.3 1146 592 l'{-olp }.;..1
8% Seed 17.9 Leb 78 548 Sl 540 542 Leb 3.8
Topcrop Full Rloom 12.5 5¢5 8l 645 L6 Le3 5.8 Le2 3,9
Early Pod 13.L Leb 82 6.5 5.1 4o9 543 Le5 56
l-y% Seed 1660 Z-!—ol 1—1-8 6»4'-!- 5014- 5.-’4 5“‘-} 590 603
8% Seed 1801 l}ll 90 6.7 507 506 505 501 6'6
'"ange:‘ Fudil Rloom 9&!;. 6.L|. 19 11‘09 5.[& 399 501 [406 Ll—sg
Early Pod 10.0 563 L5 540 Sely Le2 S5el L5 Leb
L;-% Seed 3..3n2 557 25 502 508 1442 5.1 5&0 502',
€% Seed 12.7 567 29 5.1 6.7 562 5l 53 5.7
T.53.D, 5% level 6.1 1.1 L7 o7 1.1 1.0 1.1 9 2:1
¥ value 082 1982 2.30%' 2.38 060 073 038 062 090

#* Significant 5% level

b



Appendix Takle 21. The Interaction of Time of Application and Concentration of Maleic Hydrazide Applied
£0 Snap Beans (Spring 1950),

Per Cent Time of Fer Cent Crgano- Fiber L
Concen- Applicas Seed leptic  Blendor Pressure Organoleptic Oversll Yield
irations tion Raw Maturity Fiber Tester Fibsr Flavor Color  Grade 1bse/15% row
Check Full Bloom 17.0 N9 Al ol S5ely 543 545 563 £.3
Ea“]y Pod 1559 l;«eé l;,9 508 6.2 5.3 ]—‘.09 502 5.8
[“r% Sead 15,7 51 32 5.8 6oL 543 S5e 562 6_#1
8% Seed l5o8 ,-Lo7 i+9 5:8 602 5.3 5»5 500 bol
o Full Rleoom 15,3 5e2 L5 640 5.9 La9 566 Ls9 5.8
Early Pod 11l.5 Leb 62 6.0 5.6 5Le9 563 Le'7 569
LL% Seaqd 1605 1}03 51 6.1 596 !.|.7 591 14-09 6.6
8% Seed 173 5.0 67 660 665 5e5 5.1 52 6,0
) Full Bloom 8.1 6-0 1{3 508 lp.8' 3.7 l.--9 l{ro?. lols-
Early Ped 991 l‘-}os 6!4. 5.9 l}oé 403 11—08 [;.eO 308
l!% Szed 1:’-{-97 }+o9 5'-. 692 507 5.3 50\/) 409 536
8% Seed 1605 14-06 91 5.9 5.8 5.0 5.2 1409 502
loO FUll BE-OO]TL 692 601{ 53 591 3:2 207 501 39.}. ol-;
Early Pod c/)o:‘. 505 90 5:\24— 308 393 5&2 306 136
l;z Seed 11,1 5014' 5f'+ 505 [-1—06 an 109 ll,ol 2@6
8';: Se2d 1700 407 54 509 501{- 593 503 5:0 f.}ez
TaSale 5% Jevel ’+a7 1.0 11’-3 06 1.1 1.0 1.1 09 2.3
F value 3&96%”% 1;94 091 077 2923* 3.11,2“’"'3:' 690 2;83')(’{' 547[{."H\L

3i-mificant 5% level
#%8imificant 1% level



Anpendix Table 22. ?he Interact%on of Variety and Concentration of Maleic Hydrazide Applied to Snap Beans
Sumuer 1959).

Per Cent Per Cent  Orgaano- Fiber
Concen= Seed leptic  Blendor Pressure Organoleptic Overall Yield
Variety trations Raw Maturity . Fiber Tester Fiber Flavor (eclor  Crade 1bs./157 row
Tendergreen  Check 25.9 bol 209 8.0 L9 5.3 5.3 L6 6.7
.Olg. 23!310 501 210 709 502 502 5.6 14.08 605
02 1892 l'+.8 155 801 590 501 501{. 1}06 AOB
3.00 JJ{-GZ{» 505 150 7,5‘ 309 L}-O 502 L}ol 303
Topcron Check 27T 3.8 234 8./ lo9 50ls 5.2 L3 8.2
«OL{L 2702 309 238 8«7 1-&.5 5.[{- 5-1‘} Al-os 905
N 23.7 Lo? 206 8.3 be5 5.1 a2 Le5 &.0
1.0 20.2 5.9 247 79 3.9 Le3 5.4 3,8 5.5
Range}:‘ CheCk 23e8 l]—oé 118 501 509 5&1& 5.15, 501 1001
NoIA 19.0 4.8 185 5¢3 5.8 5.4 5.0 5.0 11.5
-2 lc‘f.j.o'? 1}07 168 503 5.3 h—o7 500 l&oé 903
1.0 10.6 56l 143 53 Ledy 3.9 5.0 4.0 5.9
Te8.D¢ 5% level 5.7 9 39 -8 1.2 o9 1.0 e9 1.9
F vall,‘.e 081 1958 801{6** -II-J— 381{, 039 1030 08)‘:'— 1039

#Significant 1% level

%



Appendix Table 23. The Interaction of Variety and Time of Application of Maleic Hydrazide to Sn#ip Beans
(Summer 1950).

Time of Per Cent  Crgano- Fiber
Applica~ Seed leptic . Blendor Pressure Organoleptic Overall Yield
Variety tion Raw Maturity  Fiber Tester Fiber Flavor Color  Grade 1bs./15% row
Tendergresn Full Bloom  15.9 5.5 133 7.6 L8 k.5 5.4 Lol 3.8
Earl’y POd 1705 l"c9 265 800 Ltnz 13.02 502 ,4-02 l}nj
1}% Seed 2300 i'.a7 182 Ea2 503 503 5-!-{. 1}98 600
8% Seed 25-6 l{.03 226 708 lvl—-9 506 502_‘« l{.oe 608
Topcrop Full Bloom 20.9 b8 206 S L3 L.6 5.1 4.0 62
Earlbr Ped 2395 L}glj— 271 815 1&13 Li-08 Sa:‘; !&oo 703
L{-% Seed 2609 l}uo 226 831{- 407 5.3 54!'{- L&el{.‘ 8'8
8% Seed 27«3 308 222 802 1;.05 5.1{- 501{« 1&-6 903
Ranger Full Bloom 9.8 5.1 101 5.1 4.9 Lok 5.1 Le3 6.0
E&rly POd 1305 1&08 1»,{—2 5-3 5-1 l}o7 591 4.6 906
L% Seed 225 la8 187 5¢3 5.8 5.0 5.2 a8 10.3
8% Seed 22.2 Lody 185 Bely 5.6 5.3 Lol 5.0 10.7
L.5.D. 5% level 502 1.0 40 6 1.1 1.0 l.i 9 2.1
I velue 1.52 o433 15,35%¢ .26 N .32 .33 .28 1.71

##8ignificant 1% level



Appendix Table 24.

to Snap Beans (Summer 1950).

The Interaction of Time of Application and Concentration of Malelc Hydrazids Applied

Per Cent Time of Per Cent
Concen~ Applica~ Blendor Pressure Organolentic Overall Yielad
trations tion Maturity  Fiber Fiber Flavor Colcr Grade  1bs./15% row
Check
Mll Bloon 181 5.0 7.1
Farly Pod 21g heB 7ol
L5 Seed 153 L.8 76
8% Seed 196 48 T.8
NeA
Full Bloom 172 Lol 7.5
E&rly Pod 199 [408 8.0
LS Seed 272 L.8 8.4
8% Seed 200 L.9 Te5
2
Full Bloom 5.3 322 7.1 he3 3.0
Eariy Pod Leb 222 7.6 Ll 6.1
ls,'ﬁ» Se@d 408 196 6&9 1}88 7~O
8% Seed 14_90 165 793 i’-}eg 796
1.0
Full Bloom 6.3 110 6 27 2.9 .5
Zarly Pod 5aly 265 0 3.4 3.6 2.5
&q.% Saed ff;.8 172 O 496 i{..L} 5:5
S/C'r; Sead l{«°3 73 0 503 500 7.0
LS80, 5% level 1.3 52 7 1.1 5 2.0
¥ value 2.5 7 . 25% 53 5.7 6.17 f o 6553k

#* Sigrificaal 5% level
#Bienificant 1% level

%Y,
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