A STUDY OF THT EFFECT OF STORAGE AND ENVIROMLENTAL FACTORS UPCH

CHARGES IN QUALITY AWD NUTRITIVE VALUE OF LIMA BRAHNS

By

John Lowry 3owers

Thesie suhmitied to the Faculty of the Graduate School
of the University of Maryland in partial
fulfillment of the requirements for the
degree of Doctor of Philescphy

1950



UMI Number: DP70276

All rights reserved

INFORMATION TO ALL USERS
The quality of this reproduction is dependent upon the quality of the copy submitted.

In the unlikely event that the author did not send a complete manuscript
and there are missing pages, these will be noted. Also, if material had to be removed,
a note will indicate the deletion.

UMI

Dissertation Publishung

UMI DP70276
Published by ProQuest LLC (2015). Copyright in the Dissertation held by the Author.

Microform Edition © ProQuest LLC.
All rights reserved. This work is protected against
unauthorized copying under Title 17, United States Code

ProQQuest

ProQuest LLC.

789 East Eisenhower Parkway
P.O. Box 1346

Ann Arbor, MI 48106 - 1346



ACKNOWLEDGUENTS

The author wishes to express his appreciation to the members of
the staff of the Horticulture Department, University of Haryland, who
aided him in the course of these investigations., He is especially in-
debted to Dr. A. Kramer who suggested the problem and reviewed the
menascript and offered many helpful suggestions during its preparation.

Gratefu)l acknowledgments are also made to Mrs., Virginis E. Bowers,
who assisted in the chemical analyses, Dr. J. B. Edmond and Professor
#. S. Anderson, members of the horticuliural staff at Mississippi Stale
G@llsge\, who reviewed the manuscript and made many useful suggestions
and to Mr. E. L. Hoore of the horticulture department at Mississippi

State College, who assisted in taking and developing the pictures.

et AT SNg 4



TABLE OF CONTENTS

LIST OF TABLES AND FIGURES
I. INTROIUCTION
II. FREVIEW OF LITERATURE
STORAGE STULIES
ENVIRONMENTAL FACTORS
BATURITY, QUALITY AND VARIETIES
III. MATERIALS AND METHODS
STORAGE STUDIES
Crop production and harvast
Preparation and storage of samples
Processing of the

Processing of samples at harvest

BIOPHYSICAL AND CHEMICAL DETTRMIKATIONS

Tenderometer measurencnts
¥oisture and color determinations
Futritive value determinations

Alcobel inscluble solids, eugar and starch

determinations
Organoleptic grading

Establishment of the planting
Plot design
Chemical determinations

Statigtiesl methods

samples from storage studies

Page 1



Iv.

RESULTS
STORLCT STUDIES
Correlation studies on storage data
SNVIROMEENTAL STUDIES
DISCUSSICH
SUMMARY AND CCLUSIONS
LITSAATURE CITED

APPENDIX TARLIS



LIST OF TABLES

Table Page

1. Effect of time of harvest upon the yield expressed in
pounds per acre of shelled beans and fresh pods of 3
varieties of lima beans. 37

2. Analyeis of variance of data presented in Table 1. 118

3., Effect of storage temperature and duration and times
of harvest on changes in tenderometer readings ex-
pressed as shearing force in pounds per square inch
of 3 wvarieties of lima beans, 38

Le Effect of storage temperature and duration and times
of harvest upon changes in percentage moisture in 3

varieties of lima beans. Lo
5. Analysis of variance of data presented in Tables 3

and g? 119
6. Effect of storage temperature and duration and times of

harvest upon the alcchel insoluble solids percentage in

raw shelled beans of 3 varieties of lima beans. L
7. Effsct of storage temperature amd duration and times of

harvest on changes in the percentage starch in raw

shelled beans of 3 varieties of lima beans. L3

8. Analysis of variance of data presented in Tables 6 and 7. 120

9« Effect of storage temperature and cduration and times of
harvest upon changes in the starch content of 3 varieties
of lima beans {Per cent starch data trensformed to
angles). L5

10. Analysis of variance of data presented in Tables 9 and 7. 121

1l. Effect of storage tempsrature and duration and times of
harvest upon ascorbic acid losses in 3 varieties of
lima beans. (Ascorbic acid expressed in milligrams
per 100 grams.) L6

12, Tffect of storage temperature and duration and times of
harvest upon changes in the beta carotene of 3 varieties
of lima beans. (Beta carotene expressed in micrograms
per gram on fresh weight basis.,) L8



Table

13. Analysis of variance of cata presented in Tables 11
and 12.

1k. ﬁffeat;of ptorage‘ﬁamparat&rw and durations and tinmes
of harvest upon changes in the percentage of tetal
sugars in fresh shelled beans of 3 lima bean varieties.

15. Analysis of variamce of data presented in Table 1l.

16. Effect of storage temperature and duration and times of
harvest upon changes in the green pigment, expressed as
chlorophyll in parts per nillion of 3 varieties of lima
heans.

17. BEffect of storage temperature and duration and times of
harvest upon changes in the yellow pigments, expressed
&8s beta carotene micrograms per gram on fresh weight
bagis of 3 varieties of lima beans.

18. Analysis of variance of data presented in Tables 16 and
17.

19, Effect of storage temperature and duration, and times
of harvasgt upon the organcleptic rating of tenderness
of 3 varieties of lima beans.

20, Effect of storage temperature and duration and times of
harvest upon the organoleptic rating of flavor of 3 va=-
rieties of lima beans.

21, Analysis of variance of data presented in Tables 1§ and
20.

22, Effect of storage temperature and duration and times of
harvest upon the organoleptic color grade of 3 varisties
of lima beans.

23s Effect of storage temperature and duration and times of
harvest upon organoleptic over-azll grade of 3 varieties
of lima beans.

24, Analysis of variance of data presented in Tables 22 and
23.

25. Correlation coefficients showing relationship between
several objective and subjective measurements on 3 vaw
rieties of lima bheans.

50
123

52

12k

55

125

57

58

126

62



Tabla Page

26, Correlation coefficients on several objective and
subjective measurements on each of 3 varieties. 8l

27. Correlation coefficients on several objective and
organoleptic measurements on each of 3 varieties ‘
of lima beans. &5

23. Multiple correlation coefficients belween dependent
and independent factors in 3 varieties of lima beans. &7

29. Bffect of different light intensities, night tempers~
tures and dates of lLarvests upon yield of fresh pods
of the Peerless variety. (Yield in grams from nine
plants) ’ ' ’ 78

30. Effect of different light intensities, night tempera-
tures and dates of harvest upon yield of shelled beans
of the Peerless variety. (Tield expressed in grams
from nine plants.) - ' 79

31, Analysis of variance of data presented in Tables 29

32. Effect of different light intensities, night ‘tempera-
tures and dates of harvest upon changes of the beta
carotens in shelled lima beans of the Peerless variety.
(Beta careiens expressed in micrograms per gram on
fresh weight basis.) 81

33. Effect of different light intensities, night tempera-
tures and dates of harvest upon changes of the beta
carotene in shelled lima beans of the Peerless variety.
(RPeta carotene expressed in micrograms per gram on a
moisture-free basis.) 82

3he Analysis of variance of data presented in Tables 32

35, Effect of different light intensities, night temperatures
and times of harvest upon changes of the yellow pigment
in shelled lima beans of the Peerless variety. (Pigment
expressed as beta carotene in micrograms per gram.) a4

36. Effect of different light intensities, night temperatures
and times of harvesis upon changes in the green pigment
of shelled lima beans of the Peerless variety. (Pigment
expressed as parts per million of chlorophyll.) 86



Table

37.

38.

39.

Lo,

L5,

L6,

2*7 .

L8.

Analysis of variance of data presented in Tables 35
and 36. 128

Effect of different light intensities, night tempera-

tures and times of hervest upon changes in the ascorbic

2eid in shelled lima beans of the Peerless variety.

(Ascorbic acid expressed in milligrams per 100 grams on

fresh weight basis.) 87

Effect of different light intensities, night temperatures

and dates of harvest upon changss of the ascorbic acid in
shelled lima beans of the Peerless variety. (Ascorbic

acid exprossed in milligrams per 100 grams, dry weight

basis.) a8

Analysis of variance of the data presented in Tables 38
and 39. 30

Effect of different light intensities, night temperatures,
and times of harvests upon changes in the percentage of
total sugars in shelled lime beans of the Peerless variety. 91

Analysis of variance of cata presented in Table Ll. 129

Effect of different light intensities, night temperatures

and times of harvest upon changes in the percentage of ale
cohol insoluble solids in shelled lima beans of the

Peerless variety. 92

Effect of diffsrent light intensities, night temperatures
and times of harvest upon the perdentage of starch in
shelled beans of the Peerless variety. . 94

iﬁ&lysis of variance of data presented in Tables l;3 and
. 130

Effect of light intensity, night temperature and dates

of harvest upon total plant growth of the Pserless

variety. {(Growth expressed in grams of fresh weight

per nine plants.) 95

Effect of light intensity, night tempsrature and dates

of harvest upon total plant growth in the Peerless va-
riety of lima beans. (Growth expressed in grams of dry

matter per nine plants.) 96

Analysis of variance of data presented in Tables L6 and 7. 131



Table

g, Effect of storage temperature and duration, and times
of harvest upon changes in the percentage of total
sugars, alecchol inscluble solids, starch and sugars
in 3 varieties of lima beans,

LIST OF FIGURES

Figure

1. A general view of the light intensities and night
temperature experiment on the Peerless lima bean
variety.

2, The relationship between the tendercmeter values and
the alcohol imsoluble solids determinations on raw
shelled beans of ths Concentrated Fordhook varisty.

3+ The relationship beiween tenderomster values and the

alechol insoluble solids determinations on raw shalled

beans of the Peerless variety.

i The relationship between tendercmeter values and alco-
hol insoluble solids determinations on raw shellsed beans

of the Fordhook 242 varisty.

Pagg

101

Page

33

&8

70

5. The relationship between tenderometer values and per cent

starch determinations on raw shelled beans of the
Cancentrated Forchook variety.

72

The relationship between tenderometer values and per cent’
starch determinations on raw shelled beans of the Peerless

variety.

73

. The relationship between tenderometer values and per cent

starch determinations on raw shélled beans of the
Fordhook 2L2 variety.

8. The relationship between green pigment values on the raw
bean and organoleptic color grade on the frozen beans of

the Fordhock 2L2 variety.

« The relationship between green pigment values of the raw
bean and organoleptic color grade on the frozen beans of

the Peerless variety.

Th

75

76



INTROZUCTICN

The development and expansion of the processing industry in the
United States is paralleled to some desree by the search for methods
of neasuring quality in food producfe, in over-sll view of the trend
ef quality studies indicates that one of the most influential and uni-
versally operative factors responsible for veriation in eating quality
is the gtage of develomment or the degree of maturity. Some vegetable
products have their highest quality whils they are quite young and
others increase in quality as the rproduct matures.

For many years the cuality of cammed lima beans has been largely
hased upon ¢olor and size. These factors were determined by human
sight and by the use of sizing equipment. With varisties such as
Henderson Bush the assumpition that color and size were closely related
to quality and maturity proved to be sound and useful. However, the
introduction of "green seeded" varieties has altered this relstionship
between coler and quality. The new "green secded" types do not lose
all their zresn pigment in the process of maturation; consequently, the
color factor as an accurate means in evaluating quality is no longer
relisble, Thus, the development of some other methed is imperative. A
very strong effort has been made by investigators to associate certain
chenical changes in the seed with maturity.

Although a considersble amount of scientific data have been pube
lished on the nutritive value of the lima bean, little information is
available on factors related to quality. How is & change in the nu-

tritive value reflected in a change of quality? 4 considerable amount



of information has been compiled on the influence of a delay in harvest
and storage factors upon changes in nutritive value, but these changes
have not been related to changes in quality based on actual taste test-
ing studies.

Although a considerable amount of scientific information has been
compiled on maturity and quality measurements of the lima bean, little
is known about how such environmental factors as light intensity and
temperature affect changes in maturity and quality. The information en
how environmental factors affect the period of duration of the rmost de-
sirable edible stage in the lima bean is very scanty. Thus, these in-
vestigations were undertaken to determine the rate of change in rutrie
tive value as affected by storage under different temperatures and du-
rations, 1o measure the relationship between these changes and those in
quality of the frezen product, tc compare the rate of physico-chemical
changes of beans in the pods removed from plants and held in storage
with those left on the plants and to show the effsct of light intensity
and night temperatures upon growth, maturity and nutritive value of the

lira bhean.



REVIEY OF LITERATUIE
STORAGE

Several investigators have studied the effects of storage uvon
changes in the various carbohydrates, vitamins and mineral contents of
the lima bean and other closely related crops. Kost of the early in-
vestigations reported the effect of temperature and duration in storage
upon changes in the sugars, both reducing and non-reducing, and in the
more complex carbohydrates such as cellulose and hemicelluloses.

Carolus {18) conducted studies on the effect of normal and low
temperatures for periods of 2L and 72 hours on the changes in shelled
and unshelled lima beans exposed in open pans and enclosed in cello-
phane bags. He reported that for the first 2L hours total sugars de-
creased rapidly, soluble nitrogen decreased slightly, anc starch and in-
soluble nitrogen increased slightly. The starch content began to de-
crease slowly after the first 2l-hour storage period. With unshelled
boans the normal temperatures decreased the starch content more rapidly
than the other storapge conditions.

3isson, Jones and Robbins (10) carried out studies on the effect
of storage temperature upon chénges in dry natter, reducing substances
(mostly sugars), total sugars and crude fiber in the marketable spears
of asparagus. In general, they found that storage temperatures of l1,
56, and 77 degrees F. resulted in rapid decreases of reducing sub-
stances and in total sugars, whereas the crude fiber increased with

each increment increase of the storage temperature.



Denny and co-workers (25) investigated the influence of carbon di=-
oxide upon the changes in the sugar content of several vegetables in
storage, They placed lima bean pods in large galvanized containers in
which the following concenﬁratioﬁs of carbon dioxide were maintained:
0, 2,5, 7.5 and 22,5 per cent by volume, and stored the containers in
a room maintained at 5 degrees C. Under these conditions they found
that carbon dioxide retarded the rate of deerease of sucrose in the
shelled beans and maintained pood color and condition in the green
pods. In sharp contrast to the results of other investigators, no re~
ducing sugars were present in the shelled deans,

Arown (1&) pressnts data which show that high temperatures marked-
ly decrease the sugar content of garden peag immediately after they are
harvested. Peas with a sugar content of 18.6 per cent (as invert sugar
on a dry weisht basis) at the harvest and stored at high temperatures
for a p@?i?d,9f3? days lost 36.0 per cent of the sugars, while those
stored at 32 degrees F. lost only 30 per cent of the total sugars.

Eheart et. al. (Zéjvdetermined_the ascorbic acid content of shelled
lima beans under various storage conditions., They found that the }8-
hour shelled refrigerator-stored samples were higher in ascorbic acid,
with an 8L per cent retention +than the l8~hour shelled room~stored
samples, with a 33 per cent retention; whereas, the L8~ and 96-hour
pod room~stored samples retained 61 and 28 per cent, respectively. The
96~hour pod refrigerator-stored samples were only exceeded in ascorbic
acid content by the fresh sample, the L8-hour shelled and the l8~hour

pod-stored refrigerated samples.



Tresseler and co-workers {81) found that shelled lima beans
stored at O degrees C. for L and 11 days lost 29 and 58 per cent of
their ascorbic acid respectively, and pod-stored lima beans at the
same temperature lost 19 and 31 per cent, respectively. They found the
greatest losses in ascorble acid during the first 3 days ol storage.

Fellers and others (27) compared the Sherman bioassay for Vitamin
C with the 2, é dichlorophencl-indophenol dye titration values and
found the former considerably higher. They state, however, that the
titration dye wethod is useful in checking losses during handling or
storage. Their results show that fresh lima beans pod-stored in iced
hampers.lost 30 per cent of the original ascorbic acid content in 2
days. In studiss on the mutritive wvalue of canned fbuds,vGuerrant et .
al. (30) showed that the vitamin contant of most canned vegetables, in-
cluding lima beans, decreased with increased temperature and prolonged
storage.

Cortner et. al. (29) found that quick~frozen snap beans lost 30
per cent of their ascorbic acid when held for 1 year at O degrees F,
and 80 per cent at 10 degrees F. In comparison to guick-frozen snap
beans, these workers found that quick-frozen peas did not lose any of
“their ascorbic acid content when held for one year at O degress F.

Scott and Mahoney (73) studied quality changes in lima beans at
different storage temperatures. Shelled beans were stored in consumer
packages pt728,532,f35, 38, L2 aﬁazhé degrees F., and samplos were re-
moved at 2=, =, 6=, 8= and 1l-day intervals to etermine total solids,
aleohol insoluble solids and ascorbic_apid contents. Analyses wers not

made on samples held at L2 and L6 degrees F. because they were



unmarketable after the first few days of-aiorage. They found that
shelled beans stored for a period of l; days at any one of these
temperatures; 28, 32 and 35 degrees F., whether from precooled or
non~precooled lots retained aporoximately 2/3 of their original as=
corbic acid content and;w@ra*exéellent,in;aﬁpearance and free from
off odors. The shelled beans remained in an edible stage for 11 days
when stored at 28 degrees F.

Jones and Allinger (38) studied the sugar and starch content of
peas stored in the shelled and unshelled condition. The unshelled
peag that were stored at 3.5 degrees C. for a period of 188 hours
showed a rapid translocation of dry matter from the pods to the peas
and a retention of &1 per cent of their original sugar content, whrile
shelled peas that were stored at the same temperature for a period of
112 hours showed a retention of only 11.6 per cent of their original
total sugar content.

Kertesz (39 measured the changes in reducing saugars, sucrose,
starch and alcohol insoluble solids of peas after they had been re-
moved from the plant., He found a siriking reduction in the sucrose
content. However, the reducing sugars and starch remained almost the
same. The alcohol insoluble solid fraction increased very rapidly. In
the immature peas, there was a 50 per cent increase in the first 24
hours, whereas, there was only 2L per cent increase in the mature peas,

Studies conducted by Scott and Tewfik (7L) on atmospheric changes
occurring in {ilm-wrapped packages of vegetables and fruits showed a
very rapid deterioration in flavor of the lima bean, and no impairment

in flaver of the snap bean. Carbon dioxide accumulated and oxygen



was depleted in all of the film-type wrappers these workers
tested.

Wadsworth and Wilcox (83) found that unthawed frozem samples of
lima beans held at O degrees F. for a period of 1l to 18 weeks contain-
ed 19,9 milligrams of ascorbic acid per 100 grams fresh weight as com-
pared with the 27.9 milligrams per 100 grams found ia fresh lima beans,

Williams et al. (89) easrried out extensive imvestigations upon
changes in the sugar content of raw green beans gtored under ordimary
room temperatures and iced in hampers. They foumd that storage im iced
hampers resulted im no change im reducing sugars and an increase ina
sucrose from O.4 to 0.85 grams per 100 grams of fresh tissue, and stor-
age at ordimary room temperature resulted in a decrease in reducing
sugars from 1.92 to 0,90 grams.

Appleman and Arthur (L) studied the rate of sugar loss in sweet
cora held im storage. They found that the depletion of sugar does mot
proceed at a unmiform rate., Im general, the rate of sugar loss becomes
slower until the initial total sugar comtent is decreased to approximate-
ly 62 per cent and the sucrose initial content to approximately 70 per
cent, Their work shows that during the first 2L hours at 30 degrees
C. the kernels lost 50 per cent of their originmal sugar content, while
for the same period at 20 and 10 degrees C, the kernels lost 25 and 15

per cent, respectively, of the original sugar content,



ENVIRORMENTAL FACTORS

Several inmvestigations have been made on the influence of shade or
partial shade as compared with sunlight om the yield of vegetable crops.
Halsted (31) tested spimach and lima beans under a shaded and non-shaded
enviromment. He foumd that shading favored the growth of spinach, but
strikingly reduced the yield of lima beans. The shaded plots of lima
beans yielded an average of 28,87 pounds of pods as compared to the um-
shaded plots with a yield of 52.12 poumds. Andrews (2, 3) found that
the Fordhook variety outyielded Henderson Bush whemn the two varieties
were grown under shade. Under these conditions he observed little or
no difference in stomatal behavior, leaf thickness or palisade cell
length of the two varieties, However, whea both varisties were growa ia
full sumlight, the chlorophyll conteant, stomatal opening, leaf thickness
and yleld of Headerson was greater than that of Fordhook,

Reid (68) studied the effect of light variations upon the growth
of the cowpea plamt. Plants grown under relatively weak light (184
gram-calories per day solar radiation) had thicker leaves, larger stems
and smaller roots and a lower ascorbic acid content tham those grown in
strong light (3L gram-calories per day solar radiatiom). She concluded
that a reductiom inm the light imtensity increased the sise of leaf but
did not imcrease the green weight. In amother imvestigatiom (69), Reid
found a definite influence of light imtensity on a "day to day" and
gven in a "time of day" effect upon the ascorbic acid content of the
cowpea plants. In some cases ascorbic acid content increased throughout

the day. She concludes that Fconcomitant increases in ascorbic acid



and dry matter during the course of the day suggest a close relation-

ship between synthesis of the carbohydrates and that of ascorbic acid."

Thut and loomis (79) studied the relation of light to growth in
‘Zea mays and found that maximal growth of stem axis and leaves occurred
in full senlight (10,000 foot-candles or more). They concluded that
all the effects of day and night can be explained upon the basis of two
indirect effects of sunlight, namely, temperature and water deficit.
This conelusion was based upon the fact that the growth curves éf
shaded and unshaded plants were practically identical except during the
drier parts of the day when the shaded plants made the greater growth.

Tanada (77) determimed the effect of light intensity upom utilisa-
tion of nmitrates and upon the changes in hemicellulose, dry matter,
soluble sugars, and starch by the coffee plant. He found that shading
resulted in an increase in the different forms of nitrogen and hemicellu-
lose, and in a decrease in dry matter, solubls sugars, and starch.

Arthur (5) found that photosyathesis takes place only in the
visible and near ultra violet regions of the spectrum, and that the
dry weight of plant tissue is closely correlated to the output of a
lamp im the visible regiom. Panchaud (62) studied the productiom of
dry substance in the root of the radish under different light intemsities.
His findings stow that the ratio of water to dry substance tends to de~
crease a8 the light intensity increases,

Lubimenko (50, 51) studied the effect of light intensity upom
chlorophyll production of mamy plants. He found that within limits

chlorophyll imcreased rapidly with a decrease in light intensity. His
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studies also show that stem growth increases with illumination, whereas,
oot and leaf growth decrease with illumination.

Blackmon (11) grew duckweed at light intensities varying from 350
to 1400 foot-candles and at temperatures ranging from 15 to 30 degress
0. His findings show that light intensity and itemperature are inles-
related. In general, an increase in light intensity to which the plants
were exposed resulted in a shift of ths optimum temperature to a higher
level,

Kohman and Porter (L0) present data on the effect of solar rays up-
on ascorbic acid in the tomato. They kept tomato plante in a laboratory
during the night and placed them on the roof exposed to sun rays during
the day. The plants lost ascorbic acid when kept inside, but made more
to replace the losses when exposed to the sun again. They found a posi=
tive correlation between ascorbie acid and sugars in the ripe fruit.
HcCollum (53), working with the same crop, found that fruits shaded by
plants contained 31.1 milligrams ascorbic acid, whereas fruits unshaded
by the plants contained 3k.O milligrams in 100 grams on the fresh weight
basis. lHowever, this investigator found no relationship between the as-
corbic acid content and total solids nor with total sugars.

The interaction of light intensity and termperature upon frond mul-
tiplication of Lemna was studied by Ashley and Oxley (7). These inves-
tigators found that both light intensity and temperature have a signi-
ficant effect upon frond multiplication and weight. They found that
frond area was independent of temperature above 2L degrees C. and inde-

pendent of light intensity above 350 foot-candles.
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Popp (6lL) reports that the thickness of the stem of the soybean
plant is proportional to the light intensity. He found that optimum
elongation of the stem occurred at 500 foot-candles. Porter (65)
studied the influence of light intensity upon photosynthetic activity
of tomato plant leaves, as measured by the amoumt of growth, fruit pro-
duction, and increases im fresh and dry weight. He found that with de-
creaged light imtensity stem elomgatiom and leafl expansion inmcreased.,
The percentages of dry matter, fresh weight and elaborated food
materials correlate rather closely with light intensity.

Studies of different densities of shadimg as they affect growth
and fruiting of the Hendersom Bush variety of lima bean were carried
out by Havie (32) ia Ohio, 1Im his experiment, 2, 3, and L layers of
chesgecloth were employed. Leaves of plants grown under any of the
shade treatments were larger and thinnmer than those of plants exposed
to full sunlight, However, there were no significant differences between
the leaves from plants of any two of the shading treatments. Plants
under the 2 and 3 layers of cheesecloth flowered only 1 day later than
plants in full sunlight, whereas the plants shaded with l; layers of
cheesecloth flowered 7 days later than plants im full sunlight. Shaded
plants differed from those in full sunlight in the following respects:
roots were less woody and had smaller diameter, stems were thimmer, more
succulent and mch elongated, and the top-root ratio was greater,

smith (75) studied the effect of various wave lengths of light upon
the development of carotemoid pigments im the tomato. His data show
that wave lengths of SLOO to 5800 A. U. were not conducive to maximum

production of the carotenoid pigments, whereas some of the shorter and
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longer wave lengths tend to increase the carotene content. He concludes
that fruit should be ripened in light to obtain the maximum carotenoid
pigment development.

Arthur and Stewart (6) carried out shading experiments upon salvia,
sunflower, buckwheat, dahlia and tobacco plants grown during June and
July. Four plant cages were set up to permit 100, 78, 58 and 35 per
cent transmission of the light available. They found that all plants,
except salvia, produced greater dry and wet weight of tissue when
shaded as compared to open sunlight. The optimum intensities found for
tobacco, sunflower, buckwheat and dahlia were 35, 78, 58 and 98 per
cent transmission of the total solar radiation, respectively. However,
when the same experiment was repeated in August, the highest dry weight
was made by plants grown in full sunlight.

Roberts (70) observed the effects of different temperatures and
photoperiods on the behavior of 240 varieties and/or species of plants.
In general, plants grown under high night temperatures were of a pale
yellow color, especially those considered as warm-climate plants, while
those grown under low night temperature did show discoloration of the
foliags.

Andrews'! work (1) on the effect of temperature on flowers of

Crocus vernus brings out the extreme sensitivity of a plant to small

changes in the temperature., Even a change of 0.5 degree C. resulted
in perceptible opening of the petals.

Curtis and Herty (23) studied the effects of temperature upon
translocation from leaves, and found that cooling a petiole between 0.5

and L.5 degrees C. greatly retarded translocation from the leaf nlade.
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The greater rate of transport took place between 17 and 2l; degrees C.
These workers concluded that the increased carbohydrate content of re-
ceiving tissues as well as leaves is an indication that utilization
through respiration and by growth are retarded more by low temperature
than translocation,

Boswell {12, 13) investigated the relation of such environmental
factors as rainfall and temperature to yield and several plant charac-
ters of the pea. He found an inverse relationship between temperature
and weight of plant, number of pods and peas per plant. Under the clima-
tic conditions of the experiment, he concludes that temperature is the
most noticeable factor influencing yield and development of the garden
pea.

Cordner made a study (19, 20) of the external and internal factors
that affect blossom drop in the Henderson Push variety of lima bean,

He found that high temperatures and low atmospheric humidity favored
the abscission of blossoms. ilany racemes averaged 53 potentisl buds
but only 2 pods set per raceme,

Several investigations have been reported which siress the impor—
tant influence of site or location upon vitamin znd mineral content of
vegetables. Reder et. al. (67) found that the influence of place was
13.75 times as great as the most important average effect produced by a
fertilizer treatment upon ascorbic a&cid content of turnip greens,

Janes (36) reports little variation in carotene, ascorbic acid and dry
matter content of collards, broccoli and carrots grown under different
fertilizer treatments, but considerable variation in percentage of

these constituents from one location to another. Eheart et. zl. (26)
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reported on the effects of location on the ascorbiec scid, thiamine and
riboflavin contents of lima beans. Highly significant location differ-
ences were obtained for all 3 vitamins and between years at the same
location for ascorbic acid. Janes {35) compared the carotene of snap
bean varieties at different locations in Florida. He found some dif-
ferences beiween varieiies but much greater differences between loca=-
tions.

LoGinty and Andrews (5h) found that increaseé in nitrogen content
of fertilizers increased the seed weight, but had no sipnificant effect
on pod or seed numbers in lima beans., They alsc report that the exami-
nation of blossoms showed that the anther® do not dehisce under ordi-
nary conditions at Clemson College and some of the pollen grains germi-
nate within anthers. Wolf (86) states that Henderson Bush plants which
have set a good crop of pods contained significantly more nitrate
nitrogen, available calcium and less available phesphorous than poorly-
set plants. Rapid soil tests for organic matter content of the soil
showed a positive correlation between seed set and soil organic matter

content.
MATURTITY, QUALITY AND VARIETIES

During the last 10 year period many investigators have directed
their efforts to measuring maturity and quality objectively. These 2
factors are so closely interrelated that most studies are reported on
both factors. Kramer and Smith (Lk) studied the relationship between
tenderometer readings on the raw lima beans and alcohol insoluble

solids content of the canned procduct. The correlation coefficient
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between these 2 factors was +$.91. They found very little varietal dif-
ference in this relationship but distinctively different ranges for dif-
ferent varieties. They conclude that the maximmm yield stage is
reached when the largest portion of beans has reached the maxirmum size.,
However, maximum sise can only be obtained by means of several succes-
sive harvests. In the Henderson Bush variety this point was reached
when approximately L0 per cent of the beans had turnmed white and the
tenderometer reading was 300, In another phase of their work they
showed that the use of brine solutions was quite satisfactory for the
small size beans but decidedly unsaitisfactory for the large sizes.
Another study condueted by Kramer (L1) brings out the relationship be-
tween maturity and yield in the lima bean. It is pointed out that
shelled beans increase in maturity as they inecrease in size until the
"medium size" is reached; at this time individual beans of Henderson
Bush variety weigh slightly over 1 gram, but, if they are allowed to
remain in the field beyond this stage they shrivel back to the tiny
sige.

Lee (L5) reports the employment of a tenderometer capable of meas—
uring shearing forces up to 550 pounds per square inch as compared with
the standard which measures up to 250 pounds. The grade estimates made
over 2 seasons and based upon per cent of white beans in the Henderson
Bush variety and the per cent of wrinkled beans after blanching of
Clark's Allgreen did not correlate very well with tenderometer reading.

The specific gravity principle has been employed by several invese
tigators as an objective measure of maturity in peas and lima beans,

Lee (L7) concludes that the determination of specific gravity as a
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meagure of maturity is more reliable than the determination of aleohol
insoluble sclids, or total solids of frozen lima beans. Lee (48, 19)
employed the specific gravity factor in maturity studies on peas. From
these results on blanched peas he concludes that the specific gravity of
the Fancy grade should be under 1.08L, for the standard grade from
1.085 to 1.09k, and for the sub-standard grade above 1.095. The speci=
fic gravity measursments on raw peas were unsatisfactory.

Culpepper and Magruder (22) made determinations on the specific
gravity of the raw seeds of L types of lima beans al several stages of
development and at dry'ripeness._ They found that the specific gravity
of the entire green sseds was very poorly eaorrslated with their age.
Thigs apreared to be due to the‘presénce of air spaces between the seed
coats, largely between nﬁtyiadonn._ After removal of sé@d coats, speciw
fiec gravity of seeds was fairly closely correlated with the age of
seeds. In the small-seeded varieties, the specific gravity of entire
seeds increased fairly consistently with increa#ing age and wWas conse=
quently a more reliable measure of maturity than the same measurement
on whole seeds of the large-seeded types.

Culpepper and Caldwell (21) investigated the development of dife
ferent parts of the lima bean pod in relation to maturity and eating
quality. The parts studied were, namely, fresh weight of seed, ratio
of fresh weight of seed to fresh weight of pericarp and ratio of fresh
weight of cotyledons to fresh weight of seed coat. They conclude that
relations betwsen the fresh or dry weights of different parts are less
affected by environmmental conditions than the weight of the individual

parts. They found that the ratio of fresh weight of the cotyledons to
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that of the seed coat and the ratio between the dry weights of the same
parts to be more reliable indices of stage of development and especial-
1y of usable maturity, than the weights themselves or any other rela-
tionships that exist between them.

Theart et. al. (26) separated beans by eye on the basis of imma-
ture greens, mature greens and mature whites and determined the ascor-
bic acid, thiamine, riboflavin and moisture contents. They found &
significant decrease in each vitamin and moisture content with an in-
crease in maturity. Tresseler et. al. (31, 82) found that the rate of
loss of ascorbic acid in lima beans was grester for the small sizes,
but the amount retained was about the same for all sizes, and that as=
corbic scid decreased with bean maturity.

Studies on the relationship between starch content and maturity of
lima beans were made by Nielsen and Gleason (B1). Starch content cor-
related very well with the brine flotation and organoleptic rating for
materity. Nielsen et al. (60) state that 80 to 85 per cent of the ob-
served variance in starch content of the pea can be attributed to matu-
rity. Furthermore 90 per cent of the variance in the cotyledon texture
as determined by the starch content can be aceounted for by differences
in maturity. These same workers report no correlation between sugar
content and maturity in the pea.

Mitchell and Roderick (57) studied changes in ascorbic acid of
lima beans harvested at 10 to 1L day intervals. Three harvests on the
Henderson Push variety were made: early, medium and late. Although

each harvest included immature, mature and over mature pods, the
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results of the analyses indicate that beans harvested in relatively
early stages of maturity are likely to have the highest ascorbic acid
convent .

Woodroof and Tankersley (87) comsider the color of the lima bean
to be cne of the important quality factors. They conaider that 3
colors, namely, blus, green and yellow, exist in the seed, and that the
bean seed loses these colors upom shellimg inm the order they are listed.
After the beans were shelled, the blue color was lost in 2L hours; the
green and yellow were lost after L8 houra. At the end of 2 days all
beans were white regardless of maturity at harvest.

Kramer and Mahomey (43) found that semi-quantitative determinations
of catalase and peroxidase activity and pigment coanteat were unsuitable
as quality indices for frosen and camned lima beans. These workers
found that iodine threshold value (iodo-colorimetric test for ascorbic
acid) and organoleptic tests on the frosen and canned material were
very closely correlated when the interval between harvest and procesgsing
and varieties were the variable fastors. Their work also shows that
over blanching reduced the iodine threshold value more than it did the
orgamolaptic value. Kramer (L42) reported im another study that tia
containers had no detrimental effect on quality. He also found that
the optimum eocoking period for froszea beans was 17 minutes after the
beans and water come back to a boil, In this study frosean-dry samples
were no better; neither were they inferior to the brine-frosea pack of
beans.

Lutz (52) concludes that chemical amd physical determinations can

not always be relied upon to give accurate informatiom on
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characteristics such as color, texture and flavor of certain vegetables
after cocking when after harvest treatments were the variables. How=
ever, Schrader (72) reports that ascorbic acid of lima beans was very
closely correlated with organoleptic tesis under several variations,
experimentally produced.

Several investigators have shown the close relation of tenderome-
ter values of the raw product to organoleptic values on the canned pro-
duct, Walls et al. {8k4) obtained tenderometer and organoleptic read-
ings on 632 samples of peas. They report a very high degree of correla-
tion between tenderometer readings and the standard methods of grading.
Jenkins and Lee (37) obtained a close correlation ceefficient (0.30 4
(_).0511) between the tenderometer values for raw asparagus and organolep~—
tic tests of the canned products.

Wadsworth and Wilcox (83) investigated changes in the ascorbic
acid content of lima beans that were frozen and stored at O degrees F.
and the effect of thawing and cooking frozen samples upen ascorbic acid
values, The raw lima beans contained 27.9 milligrams per 100 grams
fresh weight, unthawed frozen beans, 19,9 milligrams per 100 grams and
cocked samples, 9.9 milligrams per 100 grams. Thompson and Mahoney
(78) found that the ascorbic acid content of lima bean samplass, which
had been previously separated into sieve sizes and further separated by
brine fletation, 60 degrees salometer, varied from 15 to 36.6 millizrams
per 100 grams on a fresh weight basis. As the sieve size decreased the
moisture and ascorbic acid content increased. Ascorbic acid was marked-

1y reduced by blanching with hot water as compared to blanching with
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steam, Inereasing the blanching period in both water and steam reduced
the ascorbic acid content.

Although lima beans are considered a poor sourcse of carotene, sev-
eral investigators have studied the changes in this compound in the
seed, The seed used by Zscheile et. al. (89) contained from 0.32 to
5,70 gammas per gram of carctene, with 53 to 79 percenit in the form of
beta carotens. Both total and beta carotene decreased during frozen
storage, and small young beans contained more carotene than the large
old beamss Zimmerman et. al.,(Eﬁ) found that the carotene content of
frozen lima beans of the Henderson Bush variety did not change during §
months of frozen storage at O degrees F and at ~-40 degrees F. They
fﬁund that 2/3 of the vellew pigment was beta carotene and 1/3 was
alpha carotene.

Davis and co~workers (24) found that the protein content, £.65
per cent, of frogen lima beans was only slightly lower than protein con-
tent of raw beans, 7.27 per cent. They found an inverse but highly
significant ratio between both protein and water content, and sulfur
and water content. Water blanching and color sorting only slightly
lowered the protein and sulfur percentages.

Many investigators have determined the differences in vitamin con=
tent between strains and varieties of lima beans, McWhirter (55) mease
ured the Vitamin C content of the marketable pods of Henderson Bush and
the Carolina Sieve pole varieties before and after cooking, The raw
beans contained 37 and LO milligrums per 100 grams, respectively, and
the cooked beans contained 30 and 37 milligrams per 100 grams, respec-

tively. In another report this same investigator (56) states that the



differences in ascorbic acid content between any 2 of the 7 bush varie-
ties tested were of no more importance nutritionally than the differe
ences in the Vitamin ¢ content of 1 variety at the varying stages of
maturity. This investigator alsc found the Peerless variety to be ex-
ceptionally high in carotens.

Caldwell, et. al. (16) made comparative studies of varietal suita=
bility for freezing on several vegetable crops. Their test on lima
beans included 8 wvarieties, 6 bush types and 2 pole types. They found
that the pole *ypes retained their color well until the beans reached
full size, and rated exeellent in texture and very good in flavor. Al-
though the shelled beans of the Dreer's Bush variety were considered
superior to those of any other variety in the test, these investigators
found that shelled beans of Henderson Bush required hand picking to obe
tain a comparable type pack with Dreer‘'s 3Bush or the pole varieties,
namely, King of Garden and Giant Podded. In another report on their
studies these investigators (17) state that younger beans of all varie~
ties retain their appearance when frozen but older beans yellowed, and
found that dry packs were equal in all respects to those in the brine.
Caldwell and co-workers (15) also tested the suitability of 19 varieties
for dehydration. They rated only 1 bush type as superior, selection L034,
and several as fair, such as Henderson Bush, Cangreen, Clark's BSush,
Supergreen and Woodruff. Fordhook, Fordhook 242 and Barly Harket were
placed in a second rating., Small sizes of these varieties were excel~
lent, whereas the large siszes were inferior,

Helm and Troole (3L) and Tompkins (80) caution that tasting panels

should be carefully selected and trainea before evaluations are made,
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MATERIAL AND MBTHODS
STORAGE STUDIES

The 3 varieties used in these studies to determine the effect of
storage temperature and duration upon the physico-chemical changes in
shelled lima beans were Concentrated Fordhook, Peerless, and Fordhook
242, These varieties were selected because they are suitable for the
fresh market and the frosen food trade, and may also be used for
canning.

Crop production and harvest. These varieties were planted on a

sandy loam soil in & complete randomized blocks on May 25, 1948 at the
Plant Research Farm, College Park, Maryland. Each plot consisted of 12
rows 100 feet long, each row spaced 3 feet apart; The 12-row plots
were divided into sub-plots of L rows each. This permitted the harvest
of a sub-plot of each variety at 3 successive inmtervals,
?he‘COnnentratsd Fordhook variety was harvested on September 11,
16 and 23, whereas the Peerless and Fordhook 242 varieties were har-
vested on September 13, 17 and 23, The plants of 3 of the 4 rows in
aach submplot were harvested by means of bean knives attached to a
row-orop tractor and vined at the Plant Research Farm vinery, and the
plants of the remaining row were harvested by means of stripping all
pods from the plants. The shelled beans and pod samples ware trans-
ported on a truck to the Horticulture Depariment#s processing laboratories.

Preparation and storage of samples., The yield of pods by sub-

plots at each harvest was obtained at the processing laboratory. Then
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each sample was washed to remove the trash and dirt, drained snd divid-
ad into 3 equal lots by weighing into open hampers on scales that
weighed to the 1/10 pound. This division of the pods of 1 variety from
each harvest into 3 equal lots permitted pod-storage at 3 temperatures,
namely, 35, 50 and 70 degrees F. These temperatures were maintained
within a $ 0.5 degree F. range. At the same time a sample of pods was
placed in storage, another sample ef'shelled beans of the same variety
wag taken for the physical and chemical measurements and for the pro-
cessing phases. The sampling of beans held in storage was carriad out
as follows: L pounds of pods were tsken from each storage lot on the
first day after storage, third day after storage and the sixth day
after storage. Each sample removed from storage was shelled in the
Junior Bean and Pea Huller in order that the physico-chemical nmeasure-
ments and processing phase§ of the study could be carried cut on the
shelled beans.

Processing of the samples from storage studies. This process con-

sisted of washing to remove pleces of hull and other trash, blanching
for 2 minutes in beiling water, immediately cooling under a streanm of
cold water, drying to remove excess water, placing the seed in 1/2 pint
cellophane bags and sealing the bags with an electric sezaler, and place
ing the sealed bags in a quick-freezer temperature at -20 degress F.
for overnight, then removing to O degrees F. storage.

Processing of samples at harvest. Shelled beans of each variety

on each harvest date were washed in a riffle washer in the horticultue

ral processing laboratories., The washed beans were then sized into 3
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sieve grades, namely, small, medium and large.l A sample out of each
size grade was carried through the same procedure as described under
processing of the storage samples for the frozen pack., Another sample
out of each size grade was weighed into a No. 2 size tin can, Three
cans properly labelled were filled out of each sample if the guantity
of beans was sufficient. The cans were then filled with a 2 per cent
brine solution and sealed immediately on an automatic sealer. The
sealed cans were placed in a cooking retort and cooked under steam
pressure at 210 degrees F. for a period of LS minutes. The cans were
then removed and cooled immediately. They were then placed under room

storage until they were graded organoleptically in February.
BICPHYSICAL AND CEEMICAL DETTRMINATIONS

The samples taken at harvest and at each storage sampling were di-
vided into 2 lotst those employed in the physical measurements and
those am;a}.oyad in the chemical analyses. Tenderometer, per cent white,
ascorbic aeid, color and moisture determinations were made immediately,
vhereas another portion of the sample was stored in slcohol for the
chemical analyses which were carried out later.

Ienderometer measurementss The standard tenderometer which is
capable of measuring shearing force up to 250 pounds per square inch

xsiae specifications presented in the National Canners'Association
Mamal for Canned Food Labels, 19L2.
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and a hydraulic terderometer which was adapted to measure a shearing
force of 500 pounds per square inch were employed im these measurements.
A reading on 2 representative lots of shelled beans from each sample was
made on the standard tenderometar, whereas 3 reading were made on each
sample with the hydraulic tenderometer. Each reading on each instrument
was recorded at the time of the measurement. These readings on each
sample were later averaged for sach respective instrument. A miniature
tenderometer which measured the forge in pounds per square inch re-
Quired to shear 1 iadividual bean was employed on 38 samples. In order
to obtain acourate sampling for this test, 20 shelled beans were taken
from each sample tested and a reading obtaimed on each bean., These 20
readings for each sample were later averaged and recorded in this manner,
Either before or immediately after the tenderometer readings were made,

a representative lot was taken from 55 differemt samples for the percent-
age of white counts. Each representative lot was compossd of 100 shelled
beans and the percentage of beans with no greeam color in the cotyledom
amorg this group was recorded, These counts were recorded as psercentage
of whites for each respsctive sample.

Moisture and color determinations. The shelled beans of a sample

taken om each harvesgt date and from each storage sampling were thorough-
1y mixed and a 100-gram sample weighed out on a triple beam balance to
*+ 0,1 gram. The weighed sample was placed in a Waring Blender and 100
éc of tap water added. The bean and water mixture was blended for 2

. period of 3 mimutes. An approximately 20-gram sample of the blended
mixture was wzighed accurately to 1 milligram into a tared poreelain

moisture dish on a chainmomatic analytical balance, These samples were
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placed in a vacuum oven maintained at a temperature of 70 degrees C,
and dried for a period of 2 hours. The dried samples were then re-
moved from the oven and placed in a desiccator to coocl for 30 minutes.
The dried samples were weighed to 1 milligram on a chalnomatic analytical
balance, Another 20 4 ,Ol-gram sample of the bean-water-bland was
weighed on the analytical torsion balance and this was transferred into
a clean Waring Blender with 70 cc of acetone, This mixture was blended
for a period of 3 minutes. The blendsr cup was immediately removed
from the base and the contents poured carefully inmto a hundred milli-
liter graduated cyclinder. The blended solution was made up to 100 ml.
volums by adding acetone. The comtents of the graduated cylinder were
mixed and a portion of the blended mixture poured into a glass test
tube tc £ill the latter approximately 2/3 full. The test tube and
contents were centrifuged for 15 minutes at 2000 r.p.m. Transmission
readings on each sample wers made on the Beckman Spectrophotometer at
wave lengths of 665 mu and 450 mu.

Nutritive value determinations. The 2«6 dichloro-phencl-indophencl

dye method (71) was used in determining the ascorbic acid content of
each sample, A 0,5 per cent solution of oxalic scid was used as the
"extracting agent in place of the 3 per cenit metaphosphoric acid because
the former is more stable. The dye was standardized on each day that
samples were analyzed. The results of each determination are reported
in milligrams per 100 grams based upon the titration factor for each
respective determination.

The carotene determinations could not be made om the same day as

harvested or when a sanple was removed from storage; thus, it was
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necessary to preserve a sample for later analyses. This was accom-
plished by weighing (on a triple beam balance) 100 ¢ .1 grams of

fresh shelled beans of each sample. This weighed sample was trans-
ferred to a No. 1 tin car and & 2 per cent solution of potassium
hydroxide (im ethancl) was added to cover the sample. The Cans were
sealed and stored at 32 degrees F. until the analyses could be made.
The method outlined by Moore and Ely (58) was followed in making the
beta-carotene determination on each sample, It was found that @np11~
cate determinations checked much more closgely if 20-gram samples of the
beans were used instead of 10-gram samples. The transmission readings
of the petroleum ether extract from each sample were made on the Beck-
man Spectrophotometer at 450 mu wave lengths. The tranamission read-
ings for each sample were converted inmto gammas of beta-carotenms per
gram,

Aleohol inmsoluble solids, sugar and starch determimations. These

demonstrations could not be made at the time of sampling; consequently,
it was necessary to preserve a sample for the analyses, These samples
were prepared by weighing & 100-gram sazple of shelled beans on a
triple beam balance to withinm a + .1 gram, The weighed sanple was
placed in & No. 1 tin can and caerod'-ith 95 per cent ethyl alecohol.
The cans were sealed and placed in storage umtil the analyses could be
made. The method used in determining the alcohol insoluble sclids was
essentially the same as outlined in the Association of Official Agri-
cultural Chemists Journal (8). The lO-gram bean sample was refluxed in
150 ml., of 85 per cent ethyl alcohol for a 2-hour period. The re-

fluxed sample was filtered tirough a weighed No. 1 Whatman filter paper



on a Buchner funnel which had been placed on a Fisher filtrator. The
filtrate was caught in a Yo, 1 tin can and stored for sugar analyses.
The filter paper and residue were placed in weighed tin containers and
dried in an eleciric oven at 100 degrees C. for a period of 30 minutes,
The containers and dried residve were then cocled and welghed accurately
to within 1 milligram on a chainomatic analytical balaics. The weight
of each dried sample was obtained by subtracting the weight of tin con-
tainer plus filter paper from the dried weight of the residue, container
and paper. These weights were converted into percentage alcohel in-
soluble solids by shifting the decimal point in the dry weight of each
sample 1 place to the right.

The reducing and total suger determinations were made on the filw
trate obtained in the alcoﬁol insoluble solids determinations. For
both determinations the Heinze and Murneek (33) modification of the
Shaffer-Somogyl method was used, This method is based upon the princi=
ple that sugar in a monosaccharide form will reduce copper. The re-
duced copper is in turn oxidized by iodine in a solution of known iodine
value, and the iodine not used in the oxidizing process is titrated
against a ,02 I sodium thiosulfate solution. The difference in the
amount of .02 ¥ sodimm thiosulphate required to titrate the unknown
samples and the dlank sample expressed in milliliters multiplied by
O.lhlibl, gives the quantity of glucose present in the sample. Totel su-
gars were determined by following essentially the same procedure as
outlined by Heinzeand Murneek after the sucrose had been hydrolyzed,

The hydrolysis was accomplished by pipetiing 50 ml. of the lead free

sugar filtrate into a hundred milliliter volumetric flask. Then 20 ml.
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of distilled water and 5 ml. of concentrated hydrochloric acid were
added. The volumetric flasks and contents were placed in a rack and
then lowered into a water bath held at 70 degrees C for 10 minutes.

The flasks were then removed and cocled with tap water to 20 to 25
degrees C. The sample was made to 100 ml. volume by adding distilled
water, A 10 ml, aliquot of each sample was plpetted into sugar test
tubes, This solution in the test tube was neutralized by adding 15 per
cent sodium hydroxide. From this point omr the procedure was the same
as outlined by Heinse and Murneek for the determination of reducing
sugars.

The method employed in determining the starch coatemt of each
sample was essentially the same method as that employed by Nielsem (59)
on psag and lima beans., One-tenth of the fimely ground alcohol ime
soluble fraction of each sample was weighed out om the analytical bal-
ance, and solubilized with a 72 per cemt perchloric acid solution which
had been previously diluted with water in these proportioams, 2 parts
water, 2.7 parts 72 per ceant perchloric acid. The solubilised mixture
was permitted to stand for 10 minutes with occasiomal stirring, and
made up to 50 ml. volume with diat.l}.led water, A 1 ml, aliquot of the
supernatant liquid was pipetted into a hundred milliliter beaker and
then 6 ml, of water added., The sample was then neutralized with a 2 N
sodium hydroxide solution. After this the sample was made slightly acid
by adding 2.5 ml, of 2 X acetic acid. The iodine starch color was de-
veloped by addimg 0.5 ml, of 10 per cent potassium iodide solution and
5 ml, of .01 N potassium iodate solution and permitting the solutiom to
stand at least 5 mimutes., This blulsh-green, starch-iodine solution was



made up to 50 ml, volume and a transmission reading made on the Beckman
Spectrophotometer at a wave length of 670 mmu. These transmission
readings were converted to milligrams of starch by establishing the
transmission curve for standard solution of a known amount of raw pota-
to starch., The results, as interpreted from ihe potato starch curve
are relative but should afford opportunity for studies on the trend of
starch changes in the bean,.

Organcleptic grading., The canned samples which had all been taken
at harvest were graded in the raw form. Each sample was scored, indi~
vidually, on the basis of color, tenderness and flavor by & panel of 6
judges. Color was scored in this manner on a mamerical value range of
1 to 103 1 being for the poorest color and 10 for the brightest green
samples, 8 for tender succulent samples, 9 for samples too young and
watery but still good and 10 for samples too young and watery. The
flavor numerical ratings were made in this manner: excellent 10, very
good 8, good 6, fair li and poor 2, Each sample was rated on over-all

grade, ranging from 1 through L.
ENVIRONMENTAL STUDIES

Thie phase of the study was conducted in the late fall and winter
months of 1948-L9 in the horticultural greenhouses at College Park,
&faryland. In this way environmental factors could be controlled and
varied within certain limits.

Establishment of the planting., A well composted soil mixture cone.

sisting of 3 parts sandy loam and 1 part well rotted manure was
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sereened through 1/4 mesh hardware cloth, thoroughly mixed, weighed in
20 pound lots and placed inmto each of 81 coffee-urn jars. On HNovember
13, 1948 9 seeds of the Peerless variety were planted in the soil in
each jar, and the seedlings were thinned to 3 plants per jar. A wire
stake was inserted by each plant to give it support. The plants were
grown under uniform conditions of moisture, temperature and light until
the "first heavy wave" of pods was set. At this time the light and
night temperature treatments were set up and the plants subjected to
the ¢ different light-night temperature treatments.

Plot design. This experiment was set up as & 3 x 3 x 3 factorial
in which the variables were light intensities, night temperatures and
times of harvest. Eighty-one plants, 3 plants in each of 21 jars were
subjected to each of these 3 1igﬁt. intensities:t (1) full sunlight plus
three 200 watt bulbs, (2) full sunlight plus three 200 watt bulbs re-
duced by 1/3 by means of shading cloth, and (3) full sunlight plus
three 200 wati bulbs reduced by 2/3 by means of shading cloth. The 3
bulbs were spaced 2 feet apart and 30 inches above the plant tops in
each light treatment as shown in Figure 1. 4 Weston iliuminator meter
was used to check the relative light intensity of the 3 treatments. Un~
der each light intensity treatment 3 separate lots, 27 plants, 3 in each
of 9 jars, were held at 3 different night temperature ranges, namely, L0
to L5 degrees F., 60 to 65 degrees F., and 80 to 85 degrees F. The
plants subjected to night temperatures of a low range and to night
temperatures of a high range were placed at sunset in roome maintained
from 4O to L5 degrees F. and from 80 to 35 degrees F., respectively,



«\T

Figure !* A general view of the light intensity and night temperature
experiment on the Peerless variety of bush lima bean*



and returned to the light treatments the following morning; and the
plants subjected to the medium range were allowed to remain im the
greenhouse at 60 to 65 degrees F. A recording thermograph was placed
in each room and im the greenhouse as an aid im checking the desired
temperature range. Im general, there were 3 light treatments within
sach of which there were 3 night temperature treatments, and within
each night temperature treatment there were 3 times of harvest. For
each harvest the entire crop of pods was removed from the 3 plants in
each of 3 jars from each treatment combination and weighed to within

% 0.1 gram on a triple beam balance. The pods were shelled by hand and
fhe sh?llad beans from plants in each jar in each treatment were weighed
and the data recorded. It was necessary to po@l the ghelled beans from
the plants in 3 jars of each treatment combination in order to afford a
sufficient sample for the various chemical determinations,

Chemical determinations, The aleohol insoluble solids, sugar,

moisture and starch determinations were made on a sample from each of
the 27 treatments. The shelled bean samples from the different com-
binations of light intensity and the 80 to 85 degrees F. night tempera-
ture range were not sufficient to make the ascorbic acid, color and
carotene determimations. These determinations were made on the other
samples, The analytical methods have been described in a foregoing
section.

Statistical methods. The data were analysed according to Fisher's

(28) method for the analysis of variance and Snedecor's (75) tables of

3h
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RESCLTS
STORAGE STUDIES

The storage studies were set up in such a manner so that the data
could be statistiecally analysed to measure the effect of siorage tem-
perature and duration and time of harvest upon changes in the various
physico«chexﬁ.cai determinations, and to determine the degree of some im-
portant first-order interactions.

The data presented in Table 1 show how each delay in harvest sig-
nificantly increased the yleld 61‘ shelled beans, whereas there was no
significant change in the yield of pods when harvest was delayed. When
the pod yield as affected by delay in harvest is considered for each
variety, it is noted that there was a considerable increase in yield of
pods in the second harvest over the first harvest in the Concentrated
Fordhook variety. In the other 2 varieties, namely, Fordhook 242 and
Peerless, the pod yields from different harvests differed by only in-
significant amounts. VWhen comparisons are made strictly on a varietal
basis, it is noted that the differences in yield between either
Concentrated Forcdhook or Peerless as compared to the yield of Fordhock
242 are significant, but yield differences on either pod or shelled
bean basis between the two leading varieties are not significant.

The data presented in Table 3 show the effect of storage tempera-
ture and duration and times of harvest upon changes in the tenderometer
values. The effect of a delay in time of harvest upon the shearing

force required was far greater than either temperature or duration



Table 1. Effect o{ time of harvest upon the yield expressed in pounds
per acre— of shelled beans and fresh pods of three varieties
of lima beans.
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arteerpiertn

:_Concentrated Fordhook : Peerless :  Fordhook 242
Times of Snelled : Fresh s+ Shelled Fresh : Shelled Fresh
__Harvest Beans : Pods : Beans Pods : Reans FPods
: s :
First : 2 H
Harvest : 1340 4760 : 2003 6598 :  8L9 3479
Second 2 H ;
Harvest : 2126 6489 : 1939 5796 : 1089 3422
Third : : :
Harvest : 2752 6969 : 2405 5730 : 1313 3517
Varietal : : '
Mean s 2072 6073 : 2116 6011 ¢+ 1083 3473
Tines of : ‘First Harvest : Second Harvest : Third Harvest
Harvest : Shelled : Fresh :+ Shelled Fresh : Shelled: Fresh
3 Beans : Pods :__Beans Pods . Beans : Pods
Mean : 1397 L9L6 : 1718 5206 : 2157 5404
1

The acre yield factors for shelled bean and pod yields are 48.40
and 145.20, respectively.

L.S.D. at S-percent level: Varieties, shelled beans 293
Varieties, pods 1046
Harvests, shelled beans 227
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Table 3. Effect of storage tempersture and duration, and times of harvest on changes in the
tenderometer readings, expressed as shearing force in pounds per sqguare inch of
three varieties of lima beans.

1_Concentrated Fordhook 1 Teeriess _ : Fordhook 242 :
Factors : First :Second : Third : First :13econd : Third : First :Second : Third :Temperature
tHarvest:HarvestiHarvestitHarvest sharvestsHarvest:Harvest:HarvestiHarvest: Mean
H 2 s 2
Temperature: t t 3
359p 1 159.3 i82.3 2295 : 174L.7 200.0 226.3 ¢ 149.1 isz.8 207.3 1 190.3
H 2 H 3
50°F : 161.,0 186.9 2L .8 : 1L74.9 193.5 222.0 1 161.3 190.0 215.0 1 192.15
2 H T H
70°F 1 169.5 192.0 228.3 : 182.2 201 .8 223.8 ¢+ 175.8 187.3 216,11 1 197.40
H b4 H 2
Durations: H H H ¢ Duration
2 : s : Mean
At harvest 1 154.0 190.0 236,00 ; 171.7 189.0 216,00 ¢ 152.3 190.0 205.0 : 189.33
2 H H 2
1l day safter 31 161.0 182.0 226.0 : L74.3 200.3 216.3 :+ 155.3 183.7 207.7 : 189.63
3 3 : t
3 days after: 172.2 i88.8 <15.3 1 186.0 193 .3 235.0 : 162.3 iez.7 225.7 1+ 195.70
3 : z ]
6 days after: 165.8 1i87.3 232.7 : 177.0 211 .0 228.7  178.3 198.3 212.8 : 199.11
2 i H 2 H
~ 3 - H 2 H
Varietal Mean: - 192.6 z 199.89 ] 187.84 :
2 2 [ s
Times of H H e H
Harvest H First Harvest ] Second Harvest H Third Harvest H
1. i : ] z
Mean P 167.53 1 i9l.38 : 221.43 :
H 2 s s
L.S.D. at 5-percent level, varieties «5¢
harvests 59 -

temperatures .59
harvests, duration interaction
varieties, duration interaction

M

<17
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effects of storage, even though the effect of each factor is signifi-
cant statistically., The influence of storage temperature upon changes
in the tenderometer values is less than that from period of storage.
The significant interactions between harvest and duration and between
varietiss and duration indicate that the effect of duration upon
changes in the tenderometer values was not the same on the beans siored
from each harvest period, nor the same for each variety in storage.

The effsct of time of harvest, storage temperature and duration on
the moisture content of shelled beans are presented in Tabls L. 4s
with tenderometer readings, a delay in harvest had more influence on
moisture content than either storage temperature or cduration., In fact,
no significant &ifferences occurred between the moisture content of beans
held at any 2 of the 3 storage temperatures, or between shelled beans
from any 2 storage periods. The moisture content of the shelled beans
of the Peerless variety was significantly lower than that of either
Concentrated Fordhook or Fordhook 2L2.

Data presented in Table 6 show the effects of harvests, varieties,
durations and temperatures on changes of the alcohol insoluble solids
fraction of the shelled beans. As in the case of the tenderometer read-
ings and moisture content, the effect of times of harvest upon changes
in the slcohel inscluble solids was greater than the sffect of either
storage temperature or duration. For example, the alcohol insoluble
solids changed from 21.5L to 28,45 per cent from the first to the third
harvest, from 24.23 to 25.22 per cent with storage temperature of 70

degrees F., and from 23.3L to 25.27 per cent for the first day of



Table 4. #Affect of storage tenversture and duration, and times of harvest upon changes in per—
centa; e moldsture in three viorietien of line =8

Feexlass

Concentrated Fordihc

3 : 2
AKC T oI H 2 sCond i g : First 2 Sscond rTamparn
Factors First : Sec dz Third First cond Temparature
siiarvestidarvest tHaorvestidarvaestsHarvest H Meaeaiy
H : H b
Teuwpeyracures 3 : H 2
359 EY 45 ¥ 5 TO &2 HHLLY 1 TR O8R5 G7 ek SheBh 2 TV 5D AR : Th.ES
- a - »
H 3 : H
JE P - ) ., - - . . - - ~ e
507F 2 Th.I3E TL.32 OF 33 31 72078 L7 025 L3 .52 1 FL.ZO FANSES N : TOWLE
: z H H
FOPE 2 TH.EG T 70 OB .7 ¢ 715G SO el &3 86 3 FHLETY T2 e, : T .06
F4 z s 4
Durationss 2 : : : Duration
H H H : ilenan
; 3 ’, - / 3 “ - Yy P A R T2y b ven £ "
at hasvest : 75.67 T2 a23 G703 58 TEaO4 e s G5 el 1 BOJLZ2 TiLeW 59 .80 1 7TL.66
H s H :
1 day after 1 73.28 TO Ll CFLID 2 U221 E &7 L O8 LBy L0 W2 PaNE 535,11 : HSL.ETS
: z H H
53 o davs aiters 73.17 TO .85 GO O3 1 POLLE T8 Gie 6O 1 T 50 T2 L8 07«74 = U711
- . . .
: z 3 T
& danys after: Tih.ol 70.31 OB.ET7 1 7C.95 &67.18 E3.H65 1 ThL.G2 Til.ll H5R2.09 @ &U.H64
: 3 H . :
2 z : H
Vearictal Means TO e Sl - 07 « 834 : 72 ek 2
Tioes of H H H z
Harvaest 2 First jlarvaest T Sscond iarvest 4 e rd Yervest H
3 : : :
T P &Y - ~—
Mean 3 Tl edts T 69, 82 : 66,38 z
H 3 s :

Le3.0e. at H=—percent level:s vetween varietiss 2
vetween harvests 256
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Table 6., Lifect of storase toecperszture and durstion, and tiswes of harvest upon the changses in
aleohol inscluble solids percentase in raw shelled beans of three varieties of lima

beans.
— T — TSI TR RIISIIS
:_Concentrated Fordhook = _ Peerless B Fordhook 242 ]
Factlors : First :Second : Third 2 First :3ecend : Third : First :Second : Third :Tespersture
sHarvestiHarvest tHarvestiHarvestiHarvestiHarvestilinrvest tHarvest tHarvest s Hean
b H 3 H
Tepmperatures 3 S H ‘ H
359F r 19.28 22 .69 2781 : 23.61 25.3% 3C.08 @ 19.44 23«07 26.78 3 2h.23
: H H ]
509F 1 20433 23.73 2T Gl  23.59 2642 30.01 : 20,30 22.83 2724 1 ZhaTl
H z : H
7C°F 1 20.02 22.82 28,58 : 2Lk T2 26.L7 29.50 : 22.56 2helis 27.76 1 25.22
Guraticnss: 3 : H : Dursation
H H H ) 3 Heans
At narvest : 18.18 23 .29 29.87 : 21.78B 23 .76 2794 2 1%5.21 21 .51 26.4L5 1 23.34
2 L 2 ' b4
1 day after : 20.37 23 .19 26 .90 1 2489 27 .60 30.82 + 21,39 25.20 27.12 « 25.27
3 z H z
3 days after: 21.24 <3 J 80 2723 3 2L.TH 2L .60 30,32 : 21.32 23.7% 28,00 r 24.97
6 days after: 19%.70 2L.0C4 2B.97 : 2hL.io 28.4) 30.54 + 21l.34 22 .86 745 : 25.2F
3 2 3 s
H : H o s i
Varietal Kean: - 23 <73 $ 26 .64, T 23 .79 ]
z . H H t
Times of : H t s
Harvest : FPirst Harvest s Second Harvest z Tnird Harvest t
H H H t
ﬁeani’ z 21 .54, 3 2é617 H 28.4.5 :
3 2 3 H
LeSeDe at S5-percent level: temperatures D.66
durations 0.76
varieties - Q.06
harvests G. 06
narvest, variety interaction 1.15

Harvest, duration interasction 1.32
variety, duraticn interaction 1.32



storage. The differences in the A. I. S.lfractian between any 2 of the
3 storage periods, namely, 1 day after, 3 days after, or 6 days after,
are not significant. As shown in Appendix Table 8, significant inter-
actions occurred between harvests and varieties, between harvests and
durations, and between varieties and durations. Thus, the effect of
time of harvest upon alcohol insoluble solids is not always the saume
for each variety, is not always the same for each harvest, and differs
with each variety.

Data on the effect of storage temperature and duration and times
of harvest upon changes in the percentage of starch in the raw beans
are presented in Table 7. These data show that each factor studied
with the exception of duration in storage had a significant effect upon
the starch content of the raw bean. The greatest change in the starch
content resulted by a delay in the harvest, 13.76 per cent in raw beans
fron the first harvest as compared with 16.L5 and 20.09 per cent for
the second and third harvest, respectively. There is a difference be-
tween the starch content of samples held at 35 degrees F. and the 50
degrees F. storage, but it is not statistically significant. However,
there is a significant inerease in starch content when beans are held
at 70 degrees F., 17.32 per cent as compared to 16.16 per cent starch
found in the raw beans held at 35 degrees F. These data also show that
the Peerless variety contains less starch than either Fordhook 242 or

Concentrated Fordhook varieties, and the latter variety is considerably

lﬁlcohol ingoluble solids
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Tarrle 7e Zifect of storage teuperature and duration, =nd times of hrvest on chinnges in the
Ppercentage stareh in 1w shelled bteans of three varieties of limz beans

: Comncentrated Fordhoock @ Peerless H Fordhiook 242 H
Factors : First :cecond : Third : First :Second : Third : First :Second : Third :Temxsperature
tHearvestiHarvaest stiicrvest tHarvest tHarvestiHaorvestitHarvesttHaurvest s Harvest @ Mean
Temperatures: : H H
359F : L5 .97 17.92 2187 1C.95 15,10 18,12 ¢ 11.87 15.6C 18.00 1 16.16
50°F : 16.30 19 .45 22 .57 1177 14.85 18.07 2 13.62 1l .80 18.95 @ lb.82
?OOF : 17.02 19.52 2. 87 11 .77 14 .57 1947 ¢ 14L4.52 16 .22 182.80 ¢ 17.32
z ) :
Durations: : : : Duration
H : Hean
At harvest : 1320 16.60 20480 131 .50C 15.30 20.0C0 1é6 .50 154350 19.00 : 16.62
1 day after : 17.00 19.57 22.63 1il.43 14 .50 i7.417 1273 16457 18.20 16.64
3 days aiter: 18.03 12.60 23.03 11.80 15.03 1773 10.83 15.13 18.30 156.61

& days after: 17.50 20.10 25.97 1i.27 14.70 1947 13.20 13.57 la.83

Varietal Mean 19.50 1L .98

Times of
Fiarvest

wose k9 4 eeler 00 b W 4w
‘—J
]
.
l.-]
)

First Haoarvest Second Harvest Trhird Harvest

I T R T O T L LI T T R Y T Y R R Y R O A R )

[ T Y ST T TR T TN TR TN TRNY ST TR T 1Y

LN L DL T R T O T I T A T LR TR 1)

Mean 13 .76 16. 45 20 . 0% :
LeSeDe at S5—-percent level: between tenpersatures .57
between varieties . &7
between harvests -« 87

between varieties, duraticns interaction T.74
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higher ia starch than Fordhook 242. The significant {nteraction betweea
variaties and durations as shown in the Appendix Table 8 means that
duration of storage did not comsistently affect changes in the starch
value of each variety, MNote that in Table 7 with Concentrated Fordhook
there was a contirual increase in the starch content due to duration in
storage, whereas with Peerless and Fordhook 242 there was no increase in
starch content., The data presented in Table § show the percentages pre-
sented in Table 7 transformed to angles. The alechol inscluble solids
and starch content of the raw lima beans were affected by the same
factors with the exception of storage duration. This siwlilarity im be-
havior is to be expected simce the aleochol imsoluble solids consist
mainly of starch. Polysaccharides other than starch iancluded im the
alcohol imsoluble solids fractiom are cellulose and hemicellulose. The
differences between starch and aleohol imsoluble golid fractionms im
shelled beans of the Peerless and Fordhook 242 varieties were much
greater than thos2 for the Concentrated Fordhook variety.

The data on the effect of time of harvest, storage temperature and .
duration on the changes in ascorbic acid content of raw lima beans are
presented in Table 11, The data gshow that each of these three factors
signifleantly influenced ascorbic acid content. The 50 degrees F storage
temperature was equally as effective as 35 degress F. in preventing
losses of ascorbic acid from pod-stored beans.

The ascorbic acid content of pod-stored beans decreased rapidly

when duration of the storage period was prolonged. Al some time



Tarle Y. Liflfect T = Ya R abion PESTO I ¥ s i harvest upron ohoanges in the
" 2 4 Epe
stare: thrao varistles o ALdne benns (percent stuarel dstse transformed to
ax1 o) esss
: Concentrated rForduook Pearless H Fordroalt 24,2 H
Factora : First :1:3econd : Third : First :Second : Third @ First :Second :1 Third :Tenperature
sHarvest:llarvestitanrvestiHarvest:llarvestililarvest ioarvestsilarvest tHarvest 2 ean
: : B H
Tewpeirsiure: 3 H H T
3 59F : 23,52 2504 D7 1 19.32 22,87 25,04 @ 20.06 23 .17 25.09 & 23.57
: 2 : H
() m e e A - ; e - . o _ g . :
5CTF r 23 .77 015 G0l 1 20.06 22 .6 25.15 @ 23 .53 2261 25,81 : 24L.09
: 2 : H
FOCEF 2L .31 2618 2G .23 1 20.07 R e iy 26.25 1 2R .32 23 Wi 25 .69 3 2lJh7
. . . o
: : : 2
Durations: : H : : Duration
2 H z : Hean
At horvest @ 21.30 2L.0Ol 27.13 : 19.8%7 2Z2.87 26.56 1 23497 2lpe 27 25.84 : 23.98
. . - .
1 day after @ 24.34 26 24, 28.40 1 19.760 2 .S E 2Ll 1 20,86 23.95 25,25 : 23.96
¥
3 days aifter: 25.11 2w.25 HELOT 1 kU.O7 2z .81 2L.G0 1 192k 22 .86 25.31 @ =23.91
. . - s
2 1 E 2
FEY Ny 26 .62 3U.62 1 1v.ll D2 .57 Lomald 2 X1 .50 21 .50 Z25.72 2 24L..33
: 265 o L2 2 22 .66 H Z5 .35 g
: : : - s
Tiines of 3 z H z
Faavaes 3 Fiarst FHarwvest . Second Harvest 2 Third Lharvest E
& - - -
Flesaari H 21.67 H 23.87 : 26l 58 :
H : T z
LefeDe &t the S=percent levels srvests Qe

voperatures Q.o
varieties O.67
V = U, interaction Lz



Tal:le 1l. Zffect

losses in threg
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of storage temperavtare and o Liworng ot Lloos
varietlies of 1 juma beans. (Ascoribic =

L&

4

-

o1 horve
CAd exire

st upen asceorbic acid
ssed in uign. pexr 100

: Concentrated PFPoirdhoolk @ FPeerless z Fordrnook .24L2 :
Factors : First i1Second @ Third : First :Second : Third : First :8cecond : Third :Tempesrsture
tHarvest:HarvestiHarvestiHarvest:Harvest tHarvest tHoervest i iH{arvest s Harvest s Mean
H T z t
Tempeirature: @ H : 3
2 59F 1 21.13 23 .87 19.99 1 21.93 23 .32 1994 1+ 220502 23 .24 22,03 3 21L.97
50°F : 21l.26 21.33 20.26 @ 2272 Zh.2 Q0,70 : 22.9L 23,2 20,99 :: 21.96
70°F : 21.06 21.36 124 : Zl.43 22 .12 A7.67 3 23 .63 21 .71 ilg. 12 : 20.39
H H : T
Durations: H H : : Duration
b H H . : Mean
At harvest : 22.39 2L .63 2012 = 24.68 25.33 ZZWES o L3017 EE .09 Z1.31 32 23 .28
b3 H 3 3
1 day after : 20.5% 23 .54 2078 : 23 .82 25.00 20.98 1 2h.b2 =25.50 Z2FT 2 23 .04
3 days after: 2Z21.2Y 19.29 19.58 1 20.28 ZL .92 17.18 @ Z2l.5% 19, 2 12,78 : 19.%4
O days after: 20.35 21 .01 17.73 + 19.34 20.71 17«2 2 20,350 2GS . 00 l1a.65 ¢ 19.50
H H : T
Varietal Mean: 20 <94 H 21.57 : 21 « &1 :
Times of : H ] H
Hurvest : First Harvest H Second Harvesdh : Third larvest H
: 2 2 :
Hean : 21 .85 3 22.5632 z 12 .79 b
H : : . H
LLe3aile at the S—percent level, temperatures O.88
durations 1.CL
harvests C.838

temnperature, duration Interaction

174
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between 1 day and 3 days after storage the rapid losses of ascorbic acid
in the beans were incurred. Although there was a slight decrease in
ascorbic acid in the beans after the first day of storage, the amount
present did not differ significamtly from that in the fresh beane, The
effect of time of harvest upon changes in ascorbic acid content show
that beans from the second harvest were higher than those from the first
harvest. This difference betweem these two harvests approaches signifi-
cance, However, a further delay in the harvest brought about a signi-
ficant decrease in this vitamin, from 22.69 milligrams to 19.7%9 milligrams
per 100 grams on the fresh weight basis. Tre variance for varieties was
not significant as shown by the analysis of varisnce data om ascorbic
acid presented in Appendix Table 13, The data show that the effect of
temperature upon ascorbic acid content was not the same at different
astorage durations as is indicated by the significant interaction be-
tween these two factors. Very little effeet occurred when the duration
period was short, but very great effects tock place when the duration
was long.

Data on beta carotene are presgenmted in Table 12, Unlike the data
in Table 11 on ascorbic acid, the beta carctene content of beans im the
pod was not affected significantly by the storage temperature but dew
creaged in beans rapidly betweer the first and third day after storage
simlar to the manner that ascorbic acid decreased. In general, the
delay of harvest resulted im a loss in beta carotene content of shelled
beans; especially is this true when the 1,40 micrograms per gram con-

tent found in beans from the third harvest is compared to the 1.97



Table 12. Effect of storage texpersture snd Sduretion and times of harvest upon changes In the

kote carotene of thrse voristies of lima beans. (Tets ¢srotene exprsssed in sicro-
grame per gram on fresh weight basis.)

: Concentrsted Forahcok i FPeeriess  :  Fordhook 24=s 1
Pruoliors : First toecond t fhird : First :oecond f Ihird f First :tSecorkd @ Thira rTennpersture
sHarvestiHarvestiHarwestisHervestiHarvest tHarvestsHarvest s Harvest s Harvest: Hoan
3 T g z
Terpearotures 3 z , ] :
35% -4 200’& 10&2 3-.2? b4 2.22 2913 1:&1 2 1-83 1-?2 ltm > 1.5383
H z z H
50°F 1 2.05 B A 127 : L.98 27 LeBh 2 L% 1.90 1.60 1 1.7
H b4 s 3
7OPF : L.73 1.75 lel3 : 195 .72 T4 1 2.04 1. 70 1.29 ¢ l.64
T t E 3
Duratliocns?2 2 H 2 : Truration
i H H t Hean
a4 amrvest 2 lt?8 1‘13 1.25 H 2'63 logg 2.13 2 2025 2065 3—065 3 3-086
3 H s 3
1 day after : 1.%94 Z.08 137 1 2.27 2.29 157 2 2.53 1.47 .70 5 192
H 4 z $
3 days after: 1.98 2.10 1.28 1@ 1l.63 1.57 1.28 : l1l.68 1.92 1.0 : 1,69
] H : H
6 cays after: 2.06 l.41 1.Q1 1 1.66 1«75 107  1.27 1.93 C.97 : loiib
2 e z 3
: : s 2
Varistal kean: 1.2 3 ie.85 S 1.73 s
2 T k4 b+
Times of ] E z t
Harvest L First Harvest $ Second Harvest 2 Third YMasrvest :
s T z t
Menn T 1.97 2 1.83 s 140 :
i 2 3 2 4
Lebalie at the S5-percent level, dursticns V.22
varieties Q.19
harvests 0.19

varieties, durastions interactiomn C.38
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micrograms per gram of beans from the first harvest. The difference
between beta carotene content of beans from the first and second harvest
is not significant. The beta carotene content of shelled beans of the
Concentrated Pordhook variety is significantly lower than that of the
Peerless variety but does n0t differ significantly from that of the
Fordhook 242 variety., Neither is the difference in the bsta carotene
content between Peerless and Fordhook 2L2 significant. The effect of
duration upon changes in the beta carotene content of raw beans is not
the same for different varieties as indicated by the significant inter-
action between these 2 factors and presented in Appendix Table 13.

Data on the totsl sug:r content of the raw bsans are presented in
Table 1l. The significant factors that influenced changes in the total
suger content of the raw bean were temperature, duration and varieties,
There are 2 significant interactions, namely, between harvest and durae
tion and between duration and temperature., There was a tremendous loss
in the total sugars due to the higher storage temperature 70 degrees F.
as compared with either the 50 degrees or 35 degrees F. storage. The
difference in the total sugar content of beans held at 50 degrees F.
(1.51 per cent) and those held at 35 degrees F. (1.63 per cent) ap-
proaches a significant difference. There was a continual decrease in
the total sugar content of raw beans when the duration of storage was
prolongecd; however, the greatest decrease occurred during the first day
in storage. The total sugar content decreased from 1.87 to 1.L2 per
cent, Holding the samples in storage after this 1 day period resulted

in a slower rate of loss as the period of storage incressed. The total
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Effect of storage tenmperature and duration, amnd times of harvest upon changes in the
percentage ol total sugurs in fresh shelled beans of ithrse lina bean varieties.

oo G e e AT A i e

s Cmat Fordhook @ Peeries

a Fordhook 242 ) '

Factors : First :3econd : Third @ First :Sscond : Talrd 3 First iSecood 3 Thixrd Teupersiure
sHarvegttHisrvestidarvestitarvestilarvestiilorvestsilervest tHarvest siiusrvosts Hean
F} : : t
Tewmperaturet I 3 ] H
35°F : la53 1.60 158 1 1l.88 1.97 1.8 s 1.37 1l.33 153 : 1.63
£ ] s 1
mOF : l.u lojs 1:&5 4 lo&f} L8 1‘8‘6 s lcu l.l.l 1. 53 -4 l.ﬁ‘l
s T t :
7O°PF 2 1.7 1.2 Te2B8 3 139 1.21 129 1 1.G2 Q.72 Ce92 t 130
z 3 * s
Durationss: z s H : Wuration
3 : t t Meoan
AL Lamarvest 3 1L.99 l1.98 1.93  2.15 <atl 1L.69 1 2.02 127 1.73 : 1.7
2 b4 k4 H
1 U\\&y ﬂi‘t@r 3 10“2 lc}é 10}3 k-4 l' '?l lné;é l.fﬁ? H 1125 l.@l 1021 H law
: H : : b
3 days alfter: l.ul Ce¥5 1.36 1 l.78 l.51 1L.38 & Q.50 D58 121 1 1l.Z23
H T : :
6 cays after: 0.%1 1.05 l.26 : leoi¥ Lozl LeB50 2 CuT76 Q.56 1.16 3 113
2 H 3 H
3 - -4 H
Varietal Meant i.38 : 268 3 1.1 s
: : H z ]
Times of H - t ] z
Harvest H First Hurvest : Second Harvest s Third Harvest :
] H 3 ]
Mean s 140 H] 1.35 s 149 2
32 3 H 2
i
lL.2.0e at the S—parcent lesvel, tempsratures el2
dursations o1
wvariasties P 373
H x i il

LD x7T . 25



sugar content of the Peerless variety was significantly higher than that
of either Concentrated Fordhook or Fordhook 242. The total sugar com-
tent of Comcentrated Fordhook, 1.38 per cent, is significantly higher
thar that of the Fordhook 242, 1.19 per cemt. The effect of delayimg
harvest upon changes in the total sugars im raw shelled beans is not
significant as shown in Table 1. The lima beans from the first harvest
lost sugar much faster than those from the second or third harvest. The
effects of smtorage duratiom upon sugar losses were much greater under
high storage temperatures thanm under the low storage temperatures.

Data on the effects of the atorage treatments and times of harvest
upon changes in the green and yellow pigment of raw beans are presented
in Tables 16 and 17, respectively. It will be noted from the data in
these two tablas that the same factors, namely, time qf harvest, storage
temperature and duration, had a significant influence upom changes in
the 2 reapective pigments in the raw beans. There was no significant
varietal difference when either pigment ia considered. It is Qppnrant
that storage at 35 degrees F is much superior to the 50 degrees F.
storage in the retention of either pigment. The 70 degrees F. storage
resulted in even greater losses of the pigments than the 50 degrees F.
storage but the difference between these 2 storage temperaturss is not
significant. When beans were held in storage more than 3 days, there
was a tremendous loss in both the green and yellow pigments as is shown
in Tables 16 and 17, respectively. Hach delay in harvest resulted in a

tremendous loss of the green and yellow pigments and the proportiomal
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Table 16. KEffect of storagse temperature and duration and times of harvest upon changes in the
green pigment, expressed as chlorophyll in parts per million of three varleties of
lima besns

s Concentrated Fordnook @ Peerless H Fordhook 24,2 :
Factors : First :3econd 3 Third 31 First :Second ¢ Third » Flrst :Second : Third :Tenperature
sHarvest:HarvestiHarvesti:Harvest iHarvest:Harvest ;HarvestiHarveslitdarvest rean
z T t s
Temperature: H ] : ]
a5op : 59,62 L9 .62 50.25 ¢ 59.75 55.00 LG .37 ¢ 66.87 £g.l12 Q.75 1 ES5.04
H s % H
50°F : 51.50 L'7.25 50.62 : 60.75 5L.92 LU.E2 1 58.50 55.75 LB 07 1 51,67
H 3 t 2
70°F 2 55.25 48.00 L4622 : S5L.50 4637 34,62 @ 63,50  51.37 39.37 : L0.63
t H H :
Durations: £ : H : Turation
2 H 4 3 llean
At harvest : 60,00 L8.00 7TC.00 1 62.00 L9900 41,50 1 614,00 56,00 RELCO ¢ 55,17
2 3 H . ]
1l day after : 50C.33 53 .00 Li..83 : 68.00 60,66 38,00 31 67.33 62,66 Fl.33 + 55.13
: H s H
3 days after : 62,17 45.17 43517 3 60.33 52 .40 L2.,33 : 73.33 51.67 HL.80 3 52.81
H H H k4
é days after : L9.33 L7.00 B36.00 : L3.00 L2.33 LUJ33 3 LT7.17 50.00 4083 : 44..00
s 4 . H 2
H 4 2 2
Varietal Mean 1 50.75 t 49 .99 t 54+ 56 K
z ] t :
Times of T 3 T H
Harvesat z First Harvest H Second Harvest : Third Harvest 1
F 3 ] s
HMean H 58,92 3 5149 3 Ll .93 t
& 3 3 2 H
L.5.Ds at the 5-percent lsvel, harvests Lao28
durations LheSl
temperatures L.28

harvests x durations- g2.55



Table 1l7. Effect of storage temperature and duration, and times of harvest upon changes in the

yellow plagments,

lims beans.

R e S IS e

expressed as Becarotene in mierograms per graun. of three varisesties of

¢ Concentrated Fordhook =

Peerliess

-
.

Fordlhicok 242

Factors s First 1Second : Third : First :Second @ Third 1 First :Second @ Third :Tewperature
tHarvestitHorvestiHarvest tHarvesttHarvest tHarves L tHarvest tHarvest tHarvest : Mean
3 P t H
Temperatgrcsz: H t :
357F : 1C.82 .72 C.52 : 10.10 1C.72 8£.92 ¢ 11,20 1C.05 Ced 1 C G2
) H ) 3
5098 : 1C.20 £.4L0 S«17 3 10.20 G e 50 767 3 Q.95 <.60 £.27 = Ce23
3 : ) H ]
7TOCF s 1C.1r7 E.57 8.60 Y.15 8.20 6.62 : 10.50 8.45 7.50 1 8.65
H] H H H
Purations: H H t : Duration
H H H : Mean
At harvest : 11.50 8.20 12.30 ¢ S9.50 2.30 740 ¢ 10.0 .80 8.50 1 G40
H t '] H
1l day after : 10,50 G20 .50 : 1z2.13 12.40 P40 2 12.20 10.87 8.97 : 1C.24
: 3 H s
3 days aitters: 11.03 797 8.50 3 10.67 9.33 780 : 12.00 £.37 7«83 : 9S.21
H H H z
46 days alter: 2.57 2.80 710 : 770 8.00 8.37 = 2.00 Sa43 .03 g.22
2 2 H H
3 : ) :
Varietal Mean: .36 : .03 : Qe li2 t
3 s : H
Timesa of s 3 3 ]
Harvest 3 First Harvest z Second Harvest z Third Harvest 3
] H 1 H
Msan H 10.27 s Q.15 H 8.39 z
2 £ 3 H

i

L.3.D. at the S5-percent level, harvest

temperatures
duratiocns

H x D,
V x D,

interaction
interaction

0.59
0.59
1.17
1.17
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losses with each successive delay in harvesis were spproximaiely the
same for each pigment. The analysis of variance of ithe data on pig-
ment content is presented in Appendix Table 18, Significant interac-
tions were obtainéé Betwee;n)time of harvest and duration for ihe green
pigment and between timé of harvest and duration and between varieties
and duration for the yellow pigment. These interactions indicate that
‘the effect of duration upon changes in both pigments was not the same
for different harvest periods and for different varieties in the yellow
pigment.

The data presented in Tables 17, 20, 22 and 23 show the effect of
temperature and duration of storage and times of harvest upon changes
in the organoleptic values for tenderness, flavor, over-all grade and
color, respectively. As shown in Tables 19 and 20, although time of
harvest had no significant effect on flavor, a delay in harvest signi-
ficantly;dec:aaned tenderness. On the other hand, beth storage tem-
perature and duration significantly decreased tenderness and flavor.
The mumerical value of tenderness ancd flavor both decreased as the stor-
age temperature incrsased, For example, the higheet storage tempera~-
ture resulted in a very marked change in tenderness and flavor as shown
by the change in numerical values from 6.60 to 5.77 and from 6.14 to
5.20, respectively. Even a change of only 15 degrees F. in the storage
temperature, from 35 degrees F. to 50 degrees F., resulted in a signi-
ficant change in the tendermess value, from 6.60 to 6.08. The period
of time that beans were held in storage had a very significant effect
upon changes in the tenderness value, from 6.78 to 5..9, and even a

more significant effect upon flavor since the value of this factor



Table 1%. wffect of storare tepperature and durstion, and times of harvest upon the organoleptic
rating ol Lenderness o thiese varcrietles of 1ima LEednSa

Fordhook 242 :
First :3econd : Third :Temperature
HarvestiliarveststHarvest: Mean

Feerless
First :Second : Third
HarvestrliiarvestrHarvest

Concentrated Fordhook
First :Second : Third
Haorvests:Haorvest :Harvest

Factors

Tenperature:

35°F 6.60

K

7«04 E.54 6.06 1 5.67 &.17

~i

Tel2 &.71 5.87

50°F 6.58 6.25 5,69 6.75 5.10 6 .06 EH.67 6,05 5.54 & .08

70°F & .66 5e92 Lo 7L 6,75 Lol 5.54 6o 56 5.62 6 .00 5477
Durationss: Duration

Mesasn

6.78
642
5.90C
5.49

&.00

4t harvest HOH? 667 750 Ea B3 6H.83

o
1 dEt‘zv' aiter 6093 7.22 5.22 7.22 5.1—1—4 50}39 b. 50

-\‘l

B

}....l
w0

h)

W

0
>

days after 700 5.67 5.06 © o lidy L&'/ 5.69

5.11

[e3)
.
W
frd
N
.
A
Y

oW

days aiter H.55 5.61 5.08 H.22 L.12 5013

.17 & .00 .25

Varilatai Mean
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Tines : N
Harvest H First L. rvest Second Harvesth T Third Haxrvesth
Hean : &.82 5.89 : 5 e T
2 3
ILoreide &ty the S5-—percent level, harvests 36

durations 4=

temperaturess 36

narvests varijetioes Interaction 52

>

1 Scorae 1 for hardest, starchiest sanples...to & for best gquaxlity tender suceculent samples, ¢ for
smiples too young and watery but still good, 10 for soamples thoet are poor bescoase they ars too
waltery e
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Tatle 20. LEffect of storagg temperature and duration, and times of harvest upon the ormpunolentie
f44 g & >

g

rating of flavo ol three varieties of lims bheans.

" :_Concentrated Fordhook $ __Feerless 3  Fordhcok 242 :
Pactors t First :Second : Third : First :Second : Third : First :3econd : Third :Temperature
tHarvestiHarvestiHarvestilarveastiHarvestiHarvestiHarvest tHarvest iliarvest: Hean
s H : s
Tenpersture: : H :
359 : 6.26 6.33 5.83 : 7.33 6.7 H4.67 : 5.91 5483 6.33 @ 6.4
E 4 - H
50°F T S.42 5.83 575 1 6.75 5.98 5.50 1 5.21 5.79 S5.42 1 5.7h
H : H t
70°F : 5.08 5.04 S.dde 2 6,75 492 Le58 1 5.03 L83 5.42 &t 5.20
32 b4 3 4
Duraticnss 3 H 3 S
H ) H ) z :
At harvest 5.&7 &-b? ?.3_3 H 8;&)7 7-67 5.6? H b.B:’s 7000 6.% 2 f}-?s
k4 2 -3 . 4
i dﬁi? after : 5.?9 ‘?‘33 #.33 4 7‘11 6-1#5 “3.00 2 6003 6.5’0 6022 4 éazl
H 1 2 ' ! 3
3 days after: 5.67 Golidy 000 2 H.22 La91 3.67 : 5.50 5.00 S5.56 = 5.22
1 H x s
{3 Ci&y& afur: 5.22 &-m 2"59 2 5‘?8 2&.‘56 1.;..33 : 3.63 30“5 5.11 } &56
2 3 1 3
2z H 3 2
Varietsal Hean: 5.63 : 5.91 : 5453 2
H : : : H
Timas of s H : H
Harvest : First Harvest 3 _Second Harvest H Third Harvest £
H : z z
Hean 2 5.97 s 5.70 H S<4l 3
3 2 3 H
L.S.DJ at the S—-percent level, duraticns C.66
tenparatures Q.57

hayrvests, varieties intersction 0.98

1 Score of 2 is for poor, &4 for fair, 6 for good, 8 for very good, and 10 for excellent.
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Table 22. LEffect of storage temperature and duration, and times of harvest upon the organocleptic

color gr&del of three varicties of lima beans.

T I Ty

3_Concentrated Fordhook Peerless :____ Fordhook 242 3
Factors : First :3econd : Third : First :Second : Third : First :Second : Third :Temperature
sHarvesttHarvestillarvest tHarvestsHarvest stHarvest :Harvest sHarvestsHarvests fean
2 2 s 3
Temperature: H ] H
35°F 1 7.17 5.37 3.88 : 5.83 534 3.15 1 6.50 6.07 L.25 : 5.28
: : : H
50°F t 5,75 5.13 3.75 : 85.63 La 7L 3.42 : 5.04 5.50 3.83 t La75
[ H H 2
70°F : 5.75 L.38 3.17 : 5.58 Lo19 2.69 : 5.22 Lel2 3.34 @ 4.30
s 3 H H
Durations: H : H : Duration
H H 3 : Mean
At harvest 2 7.33 5.83 4.33 t Te33 6,00 3.50 : 6.83 6.67 Le67 : 5.83
2 : : : H
1 day after 1 6.67 6.50 3.8 : 6.50 5.19 3.67 3 6,06 5.75 L.39 : 5,40
H H H H
3 dayﬂ &fter3 6.11 3.89 BQM 3 1&-.89 4028 2.6“- b 5-22 h.?l& 3-67 z 4031-}
] H H H .
é days after: L.78 3.61 278 1 L.OO 3.50 2.53 1 L.25 3.94 2.50 : 3.54
3 3 2 H
2 . 3 I )
Varietal Mean: - L« 93 z Lo 5O 1 sl H
: . H z ]
Times of tH 4 H 3
Harvest 3 First Harvest 3 Second Harvest : Third Harvest X
z 3 z 3
Mean ] 5.83 H 5.01L ] 3.50 '
' 3 3 £ ]
L.3.D. at the 5-percent level, itemperatures »36
duratiocns o2
varieties <36
harvests <36

i Score of one for poorest, pale or yellowish samples....to 10 for best deepest brightest green
samples.
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TOTR 1 Ze35 =« 10 L.e0 H 1 e TF 1 e &5 F Ry 2 2 e 2 e 2 2.1
H z H H
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H z : : HMean
At harvest 1 2 .60 2 o 80 2 a0 : 3 W40 3 .00 Z ¢ L : 53,00 BT = « 60 s 2 .84
2 s : s
1 day witer @ 2.60 3413 e300 T RL.9% 2.30 2.07 T 263 Ze03 [N N d : 2.56
H H : H
after: 2.67 1.87 207 2 253 LeaU 1.50 T Le23 I NG 4 .13 : 2.07
3 H 3 3
after: 2,20 1 .80 1 .37 r 207 .47 lets7 ¢ 1.93 dai 1.93 : 1.80
s . . -
Varistal hean: Za33 H Z a2l z . . :
Tiwes of H 3 : :
Haxvest : z Second Harvest H z
- - . -
Hean : Z e85 H 234 H H
2 z : H
jatseiiea at the S5—=mercent level, harvests O.1L7
duratlions O e 20
L S I VI RS (O l‘r?
rvests dnteraciion C.o0
Score i one througsh Teur,; froun pocrsst to excellent in over-— GG SITEGe .
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changed from 6.78 to L.56, Zach successive prolongation of the storage
period resulted in a decrease in the tenderness and flavor values with
the exception of the samples removed 1 day after the storage. Samples
held in storage in the peds only 1 day after harvest differed from those
tsken at harvest, but this difference is not of sufficient magnitude to
be significant, The organoleptic value of tenderness on bgans from the
second harvest of 5.89 is significantly lower than the corresponding
value of beans taken from the first harvest of 6.82. The tenderness
value on shelled beans from the third harvest as compared with those
from the second harvest is not significantly different. The signifi-
cant interaction between harvest and varieties on each factor, namely,
tenderness and flavor, as shown in Appendix Table 21 indicates that the
time of harvest did not affect the wvalue of each respective factor in
the same way for each variety.

The data on time of harvest, duration of storage, and storags tem~
peratures as they affected color values, detsrmined organoleptically,
of the 3 varieties are presented in Table 22. The effects of time of
harvest and duration in storage are extremely striking. Each succes-
sive delay in the harvest brought about a significant decrease in the
color value. For example, this decreased from 5.83 for the first har-
vest to 3.01 for the third harvest. The magnitude of change in color
values due to duration in storage was comparable to that of time of
harvest. In other words, as the storage period increased from 1 day to
3 days to 6 days the color values correspondingly decreased, Although

the effect of storage temperature was not as great as that of duration
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or of times of harvest the differences between storage temperature are
significant, For each increment increase in storage temperature there
was a corresponding decrease in color value. No significant inter—
actions were found between any 2 of the variables tested in this phase
‘of the work. These are presented in Appencdix Table 2L,

The data presented in Table 23 show that each of the 3 indivicual
factors, namely, harvest, duration and temperature, had a significant
effect upon the over-all grade given each sampls. The data obltained in
these studies indicate that the mean effect of duration in storage was
greater than either temperature or harvest. Holding the beans in stor«
age for a 6 day period lowered the over-all grade from 2,8L to 1.80.
Each succesgive prolongation of storage resulted in a comparable de-
crease in the over-all grade. The effect of temperature and times of
harvest on the over-all gradd appears to be comparable. 4 change in
storage temperature from 35 degrees F, to either g0 degrees or 70 de~
grees F.‘lqwafed the over-zll grade from 2.56 to 2.28 and to 2.12, re-
spectively. Each successive delay in harvest resulted in a decrease in
the over-all grade. The significant interaction between varieties and
harvest indicates that the sffsct of delaying the harvest upon over-all
grade wag not the same for each variety.

Correlation studies on storags data. The data obtained on the

storage studies was of such magnitude that it permitted the correlation
sbudies on objective and subjective measurements as presented in
Tables 25, 26, 27 and 28. The correlation coefficients as presented in

Table 25 are between possible combinations of the 18 factors listed.



61

t was not deemed necessary to make correlation coefficient determina-
tions between all the possible combinations. However, where it was at
all possible the correlation coefficient was determined between the ob-
jective and the corresponding subjective test. For example, the degree
of relationsghip betlwean tenderometer readings and organolsptic tender-
ness, inclusive of the data on 3 varieties, is expressed in the corre-
lation coefficient (r) as -.66. BEven though the correlation coefficient
is highly significant, it is not possible to employ the regression coe
efficient in estimating organcleptic grade of tenderness from the ten-
derometer readings.

It will be noted under vertical column 11 in Table 25 that the fol=~
lowing factors are correlated with organoleptic tenderness: moisture
.61, tenderometer as mentioned above, individual bean tester =.53, ase
corbic acid .6L; organolsptic color .81, organolepiic flavor .51, and
orgznoleptic over-all grade .61. These factors were found to be cor-
related with organoleptie color under column 12: per cent whites ~.83,
green pigments .63, organcleptic over-all grade .57, yellow pigments
18, beta carotene .67. Only a few factors showed any degree of corre-
lation with flavor. These are as follows: ascorbic acid .h8, total
sugars .37, starch - total sugar ratio =.35, organoleptic tendernese .51,
organocleptic color .L9, and over-all grade .83. The organcleptic over-
all grade is correlated with these factorst moisture .38, tenderometer
-.35, per cent whites -.67, ascorbic acid .59, alcohol insoluble solids
-+56.
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sevaeral

objective and subjeactive

maeszsurenents on thre varieties of lims bsans.

3 z : 3 : : : : z : = s : : z F

Factors 3 1 3 =z 3 s L oz 5 3 & 1 7 : T Qs 3O 0 321 oz 12 oz 13 2 A4 2 15 3 15

T : B : : P : : : s s P 3 : : : 3 ’
Hoesumscription H H 2 : H 2 s z H H H : 3 : : H
: z 3 . : : -+: 3 : 3 +: : 3 -z ]
1 :ioisture 2 e 2 g2 : . 78 -/.4 *-.78* : : 1A 62 1AL 154,382 3
P) : -+ : -+ -+ z *3 : + 2 2 ) -2 )
2 iTendercmeter t—o Gl s = 1A 8O 1A TE: :—.92.34. 9’? :1‘ 13 .85 32— 661 t—ellz—e352 3
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Pwo correlation coefficients, namely, that between tenderometer
and alcohol insoluble solids content of the raw product, .09, and be-
tween tenderometer and starch, .85, are considered to be sufficiently
high to use the regression coefficient in an equation in predicting the
alcohol insoluble solids and starch values, respectively, on the basis
of tenderomseter readings.

The data on correlation anslysis, presented in Table 26, show that
the relation of flavor to sugsr content, and flavor to ascorbic acid
content varied with the variety. For example, as between flaver and
sugar content Concentrated Fordhook and Fordhook 2L2 showed a cloge re-
lationship between these factors while Peerless showed no relation. On
the other hand, as between flavor and aseorbic acid ¢ontent, Peerless
and Fordhook 242 showed a high relationship while Concentrated Fordhook
showed & low relationship,

The correlation coefficients in Table 27 also show that the rela-
tionship of tenderometer readings to organoleptic tenderness is much
closer in Peerless (-.77) anc in Fordhook 242 (=-.7L) than in Concen=
trated Fordhook (-.5kL), and that no relationship exists between green
pigment and organoleptic color in the Concentrated Fordhook., However,
the correlation coefficients show a highly significant relationship be=
tween these 2 factors in Peerless and Fordhook 242. The correlation be-
tween beta carotene and yellow pigment values is between 2 objective
types of measurements. A highly significant correlation was found bee

tween these 2 factors when cdata from the Peerless or Fordhook 242



Table 26.

Correlation ceoeifficients

each of three varieties.

O

several objective ana

measurements on

_Vaxrieties _ _:_Concentrated Fordhook 3 FPeerless H Fordhook 242
Factors sascorbiciFlavor: Sugar tAscorbic:Flavor: Sugar :tAscorbic:Flavor: Susgar
B Acid z 3 z acid H 2 : Acid H z
2 s 2 2 H YT ] 3% 5 2 .ﬁ..-;;cz *Z
aAscorbic Acid : _— 1A 3166 F.3391: S :1A.5250: H#.3252: — 140 5996: AL.669
H o * H 33 2 ETE Y H ) H e 8 3 EYETS
Flavor 1 ABLEE: = 2 L OOLE:  A.B259:  a— 1 A06LL:  A.59G6: —— 1 A.5578
H 2 2 3 2 : : : k)
= N aear = z 32 ¢ 14 H ) ‘_;;A-;Vg.: 253 ¢
Sugar 2 AB391L:4.094L8: 2 HAA252:4.0614L:  — : HLGE96:1£.5578:  ——
H 3 3 H 14 H H B 3

Sigmificant at the 5—percent level

Signiliidcant at the l—percent level
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Table 27, Correlation coefficients on several objective and organcoleptic measurements on each
of three varieties of lims beans.
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varieties are considered. This offers the possibility of estimating
beta carciecne content from an aceione extract of ground beans,

The data on multiple correlations, presented in Table 28, show
that the variation of these factors, namely, ascorbic acid, alcohcl in-
soluble s0lid and moisture are concomitant with variaiions in the over-
all grade. Each multiple correlation coefficient with the exception of
that between flavor, tenderometer, alcohol insoluble solids and starch
was highly significant. The highest smultiple correlation coefficient
ohtained on flavor, which included data on all varietles, was with
these factors, namely, sugar, ascorbic acid and starch/sugar ratio,
When data on each variety was considered separately a wvery good rela=-
tionghip was obtained for Concentrated Fordhook between flavor, and
sugar, and ascorbic acid (.70). 4 multiple correlation coefficient of
639 and ,529 was found between these same factors when data of the
Forchook 242 and the Peerless varieties, respectively, are considered.
The highest multiple correlation coefficient, .85k, was obtained be-
tween over-all grade and the objective measurements of ascorbic acid,

. alcohol inssluﬁls solids and starch. Another high degree of relation-
ship was found in the data between organoleptic over-all gradﬂ and ten~
derometer, aleohol insoluble solids and starch, .751.

The graphs presented in Figares 2, 3 and L show & very good rela-
tionship between the tenderomeier values and the alcchol insoluble
solids content for each of the 3 varieties, namely, Concentrated
Pordhook, Peerless and Fordhook 2.2, It can be observed in Figure 2

and Figure L that the dots lie fairly close to the regression line for
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Table 28, Multiple correlation coeffieients between dependant and
independant factors in three varieties of lima beans,

Independant Factors ~ [Multiple
- Correlation
. . P o . Multilple Coefficients
Dependan - s1y Wl el Correla- |[Significant
Factors f £ E%“:‘é 3 Ui § -§ #Hlition Co- fat:
o3 % g 128 1 35 4 €| efficients
228 F2 2% 4 2 05 | a1
Flavor x| x | x +538 o254 | 312
Flavor X | x X « 360 +233 | 1287
_Flavor x | x x olshf +233 | .287
Flavor x x X <511 «219 | .270
‘!;lavar X X X 01&6 0233 .28’,
Flavor of
_Peerless x | x « 539 316 | 408
Flavor of 1
Fordhook 242} x | x . +639 2361 | .463
Flavor of
Concentrated
Fordhook X 1 X ° 700 » 3‘#9 .M‘)
Organoleptie
Ave. Grade X x | x __.680 .230 | .283
Organoleptiec
_Ave, Grade x |x |x 651 2230 | .283
Organoleptie
_Ave. Grade x Ix x 7153 «233 | .287
Organoleptie
Ave, Grade x x x » 8514 «233 | .287
Organoleptie
_Ave. Grade X x | x o714 «233 | .287
Organoleptie
Ave. Grade x x x o725 2177 | o232
Organoleptic
Ave, Grade X X X 0699 0230 .23}_
Organocleptie

1 Multiple correlation coefficients computed for each variety,
individually.
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Figure 2 - The relationship between the tendero-
meter values and the per cent alcohol
insoluble solids in raw shelled beans
of the Concentrated Fordhook variety,
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Figure 3 - The relationship between tenderometer
values and the per cent alcohol solids
in raw shelled beans of the Peerless
variety.
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a

the Concentrated Fordhook ard ithe Forcdhoox 242 varieties, whersas they

&

are slightly more widely cispersed about the regression lire in the
case of the Peerless variaty.

The graphs, presented in Figures %, & and 7, show the relation of
the tenderometer readings to the starch content in per cent in the
shelled beans of the 3 varieties: Concentrated Iorchooi, Peerless and
Fordhook 2L2. A ruch closer relationship betwesn tenderometer and
starch determinations was oblained with foncentrated TFordhook anrnd
Fordhook 22 varieties than with Peerless.

The relationship of the gresn pigment, expressed as chlorophyll in
parts per million, to the or wmoleptic coler values for 2 varieties:

Forcroox 242 and Pssrless, is presented grarhically in Pijures 9 znd 9,

o
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Per Cent Starch in Raw Shelled Beans

Figure 5 - The relationship between tendercmeter
‘ values and per cent starch in raw
shelled beans of the Concentrated
Fordhook variety.
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Figure 6 - The relationship between tendero-
meter values and per cent starch
in raw shelled beans of the
Peerless variety.
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Figure 8 - The relationship between green pigment values
on the raw bean and orgznoleptic grade on the
frozen beans of the Fordhook 242 variety.
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ENVIRONMENTAL STUDIES

This phase of the investigations was designed to measure the ef-
fect of light intensity, night temperature and time of harvest on yield
and development of the plant and on changes in the nutritive value of
the shelled beans. The Peerless variety was used.

The data, presented in Table 29, show that light intensity, night
temperature, and time of harvest significantly influenced the yield of
fresh pods. The optimum night temperature range based on these data
was 60 degrees to 65 degrees F. Raising or lowering the temperature
from this range resulted in a tremendous decrease in the yield. Vhhen
the light intensity of light treatment 1 was reduced by 2/3 the yield
was significantly reduced. 3Jach suceessive delay in the harvest resulte
ed in a decrease in the yields as shown by these data. There were no
significant first order interactions in the analysis of varisnce as
shown in Appendix Table 31.

The data, presented in Table 30, show the effect of the 3 environmen-
tal factors on the yield of shelled beans. Only 1 factor, night tem~
perature, significantly influenced the yield of shelled beans. Yields
were very low for high night temperatures (80 to 85 degrees F.) and for
the low night temperatures (LO to LS degrees F.). On the other hand,
reducing light intensity and delaying the time of harvest had much more
effect in reducing yields of the pods than in reducing yields of the
shelled beans,



Table 29,

78

Effect of different light intensities, night temperatures

and times of harvests upon the yield of fresh pods of the
Peerless lima bean variety.

from nine plants.)

(Yields expressed in grams

H H Night Temperatures t Harvest
Light Treatment : Harvest : 3 H H x
and Number ¢+ Dates : LO-L59F : 60-65°F : 80-859F : Light Mean
s : 3 : 3
1. Sunlight, plus : 2-10-49 : 265.5 : L447.1 & 52.5 1 255.0
three 200 watt : 2-15=-49 : 196.0 : 347.7 : 47.8 : 197.2
Temperature x Light Mean : 166.4 : 339.7 1 42,2 —
: 3 : 1 3
2. Light intensity: 2-10-49 : 185.8 : 363.5 : 49.9 : 199.7
of Treatment 1 : 2~15=49 : 133.4 : 240.,6 : 36.4 : 136.8
reduced by 1/3.: 2-21-49 : 72.9 : 287.4 : 29.1 : 129.8
Temperature x Light Mean : 130,7 : 297.2 : 38.5 : ——
t : s : s
3. Light intensity: 2-10-49 : 204.5 : 254.1 : 50.1 : 169.6
of Treatment 1 : 2-15-49 : 117.0 : 262.2 : 29.8 : 136.3
reduced by 2/3.: 2=-21-49 : 8.5 : 169.8 : 12.5 88.3
Temperature x Light Mean : 134.7 : 228,7 : 30.8 : —
t : : :
Temperature Mean s 143.9 :  288,5 : 37.2
:+ First : Second : Third
Light Intensities:Treatment :Treatment: Treatment:
: : : :
Mean : 18,8 2t 155.4 1 131.4
s : P :
Harvests t 2-10=49 3 2-15~49 : 2-21=49 :
Mean : 208.1 : 156.8 : 104.8 :
L.3.D. at the 5-percent level, temperatures 37.5
lights 37.5
harvests 37.5



Table 30. Effect of different light intensities, night temperatures
and dates of harvest upon yield of shelled lima beans of
the Peerless variety. (Yield expressed in grams from nine

plants.)
‘ H H Night Temperatures ¢t Harvest

Light Treatment : Harvest : H : H x
and Number : Dates : LO=-L5OP : 60-65°FP : 80-85°F :Light Mean

s 3 H s :

1, Sunlight, plus : 2-10=49 : 33.2 ¢ 130.8 : 15.8 s 59.9
three 200 watt : 2=15-49 : 38,2 ¢ 114.0 : 9.2 : 52.8
Temperature x Light Mean 3 2,3 2 1124 ¢ 1l.8 3 ==

: s : s s

2, Light intensity: 2-10-49 : 23,3 : 109.9 : 9.1 1 4L7.4
of Treatment 1 : 2-15-49 1 21,3 1 94,0 7.7 : HKL.0
reduced by 1/3.: 2-21-49 : 15.6 : 137.7 : 9.0 : 541
Temperature x Light Mean : 20,1  z  113.9 : 8,6 3 =

: g ) : t

3. Light intensity: 2-10-49 : 24,6 : 87.6 : 16.9 : 43.0
of Treatment 1 : 2=15-49 : 20 : 103.8 : 7.8 : 43.9
reduced by 2/3.: 2-21-49 21.6 : 87.3 : 6.8 : 38.6
Temperature x Light Mean : 22.1 92,9 : 10,5 : ==

: : 3 :
Temperatures Mean : 22,2 ¢ 106.4 : 10,3 :
tTreatment: Treatment :Treatment :

Light Intensities: One Two ¢ Three :

: : F :

Mean s 49.5 ¢ h7.5 ¢ Ll.8

: s 3 3
Harvests 2 2=10=49 3 2=15-4F 3 2=21=[9 :
H H 2 3
Mean : 5.1 3 45.9 ¢ L2.8

L.5.D. at the 5-percent level, temperatures 15.5



Tho data on the effect of light intoneity, night temporeture znd
timos of harvest upon beta carotens content are expressed on the fresh
woight basis in Talle 32 and on the moishmre-{roe basis in Table 33.
Vight temparature range wos the only factor that bad a significant ef-
fect on the bota carotens content of shelled beans on aithar the fresh
or dry weight basis, Dsta carctens accumilated in the beans when
plants were grown under & low night temperature range (LD to LS degrees
Fo)s The effect of a low night temperature upon the beta carvtens cone
tent is oven more pronounced when the date 18 expresse
free basis. FPven though the 1igh
nificant as presented in Table 3L, the affect of a low night
ture upon beta caroteme content appoars to be greatest under a slight
mumwmmtmw,mmmmmmﬁmxsm
greator dfferences in beta carotens content between the LO to IS5 dew

ses Ps and the 60 to 65 degrecs F, night temperature ranges under
light treatment 2.

The data in Tabls 35 on the acetons extract of yellow pipgments show
that light intensities and night temperatures had a significeat effect
on the yellaw pigment content of shelled beuns, There was no eignifiw
cant difference between the yellow rigment content in shelled beans
grown under full sunlight and those grown under this light intensity
redused by 1/3. Howover, a further decrease in lizht intensity roe

sulted in a detrease in the vellow pigmente. Chelled beans from plants
prown undar light intoneity treatnment 3 contained only 9.19 sicropruns
nar gran 4z compare: o 1Je17 mioruorams per gran of the bsang grown



Table 32. Effect of different light intensities, night temperatures
and dates of harvest upon changes of the Beta Carotene in
shelled lima beans of the Peerless variety.
sxpressed in micrograms per gram on fresh weight basis.)

- s

{(Beta Carotene

Light Treatment 3 Harvest $ H x
_and Number : Dates 3  LO=-45°F : 60-65°F : Light Mean
z 3 3 t

l. Sunlight, plus : 2=10=-49 2 1.0 ¢ 1.15 1.27
three 200 watt 3 2«15«49 1 1.80 C.7C 1.25
bulbs. t 2=21-49 1 2.20 3 1.60 1.90
Temperature x Light Mean H l.80 1.15 3 —

: : 3 :

2. Light intensity : 2=-10-49 : 3.80 1.10 2045
of Treatment 1 1t 2=15=49 : 1.7 ¢ 0.90 1.33
reduced by 1/3. 1 2=21-49 : 3.70 3 0.65 2,17
Temperature x Light Mean H 3,08 & 0,88 —

$ t : g

3. Light intensity t 2=10=49 1t 1.10 H 1.50 H 1,30
of Treatment 1 : 2=15=49 : 1.75 H 1.20 147
reduced by 2/3. & 2-21-49 : 2.53 1 0.90 1.71
Temperature x Light Mean H 1.79 ¢ 1,20 1 -—

: : 2
Temperature Msans t 2.23 ¢ 1.08
siTreatment: Treaitment : Treatment :

Light Intensities ¢t One Two i Three :

: : 2 :
¥ean t 147 1l.98 : 1.50 @
Harvests 3 2wiQwh9 1 2«15=L9 1 22149 3

3 s H :
Mean H 1 '67 $ 1 03 5 4 1 093 H

L.S.D. at the S5«percent level, temperatures .87



Table 33.. Effect of different 1ight intensities, night temperatures
and dates of harvest upon changes of the Beta Carotene in
shelled lima beans of the Peerless variety. (Beta Carotene
expressed in micrograms per gram on a moisture-free basis.)

H : : Harvest
Light Treatment : Harvest :  Night Temperatures : X
and Number : Dates : AD-A5°§ :  GOU-BGOF s Light Mean
1, Sunlight plus s 2=10-49 ¢ 7.17 : Lel2 1 5.79
three 200 watt : 2-15-49 : 7.00 :  2.20 : L.60
bulbs. : 2-21-49 8.18 s hoalé : 6.17
Terperature x Light Mean H 745 : 3.59 H —
2. Light intensity : 2-10=49 : 16.30 T hJ33 + 10.31
of Treatment 1 1 2=15=49 : 5.22 s 2.9 : L.08
reduced by 1/3 3 2-21-49 : 11.30 : 1.7 1 6.52
Tenperature x Light Mean s 10,94 s 3.00 : —
s 1 1 3
3. Lisht intensity : 2-10-49 : 6.49 : 5.78 . 613
of Treatment 1 : 2«15=49 : 64,47 2 Lo38 : 5.42
reduced by 2/3 1 2-21-49 & B.L5 : 218 ¢ 5.3
Temperature x Light Mean 7.4 s 4.1 :
Temperature Means - : 8,51 2 3.57 :
: Treatment ¢ Treatwment :Trestment :
Light Intensities One : Two :  Three H
Mean s 5,52  : 6,97 i 5,62 1
Harvests s 2-10-49 3 2=~15=49 ; Z2=21=49
Mean N Y ¢ 4,70 : 6,00 :

L.5.Ds at the S=-percent level, temperatures 3.02
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Table 34. Analysis of variance of data presented in Tables 32 and 33.

: H _ Mean Square
Source of t d, £, 3 Batafﬁgrotem, : DBeta Carotene,
Variance 2 i1_Fresh Weight Basis : Moisture-free Basis
t s :
Total t 17 s :
g ' '
Lights H 2 0.49 2 3.92
: : :
Temperatures : 1 5,93 3 #%109,76
: : :
Harvests ) 2 3 0.51 H 11.05
: : : ,
Lx?T H 2 1.25 ¢ 10.37
3 t t ‘
LxH H L 0.54 $ 5.22
: : : ,
TxH H 2 4 00‘2 $ h.BG
: : : ,
L xTx Hyerror ¢ b O.hdy 3 5.33

#%3ignificant at the l-percent level



Table 35, Effect of different light intensities, night temperatures
and times of harvests upon changes of the yellow pigment
in shelled lima beans of the Peerless variety. (Pigment
expressed as Beta Carotene in micrograms per gram.)

B t___ Right Temperatures : Harvest
Light Treatment : Harvest : : x
and Number s+ Dates +  LO-LSCF : 60-659F : Light Mean
H H 2 H
1. Sunlight, plus : 2-10-49 : 14.60 : 9.60 : 12,10
three 200 watt : 2-15-49 : 1440 6.80 : 10.60
bulbs. s 2=21-49 1 18.30 ¢ 12,00 : 15.15
Temperature x Light Mean 2 15,77 Q.47 2 —
2, Light intensity : 2-10-49 : 21,00 : 10,00 : 15,50
of Treatment 1 : 2-15=-49 : 14,00 : 6.00 : 10.00
reduced by 1/3. s 2-21-49 : 22.40 5,60 1 14.00
Temperature x Light Mean H 19.13 ? 7.20 2 —
3, Light intensity : 2-10-49 : 16.80 :  6.80 : 11.80
of Treatment 1 : 2-15-49 : 9.50 645 ¢ 7.98
reduced by 2/3. : 2-21-49 : 13.30 : 4,10 2 8.70
Temperature x Light Mean H 13.20 H 5.78 3 —
by : H
Temperature Means ;16,03 2 T.48
: Treatment : Treatment : Treatment :
Light Intensities : One 3 Two : Three :
Mean ;12,62 : 1317 i 9.9
3 : : :
Harvests s 2=10=49 1 2=15=49 3 2=21=hG 3
3 s 3 H
Means 3 13,13 : 9.53 ¢+ 12.62 :
L.5.D. at the 5-percent level, temperatures 2.97

lights 3.64
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under the light intensity of treatment 2. The low night temperature
range (4O to LS degrees F.) brought about an accumulation of the yellow
pigments, exyresaed as ﬁicrograms per gram of beta carotene on a fresh
weight basis.

The temperature and harvest factors had a significant effect upon
the development of chlorophyll as shown in Table 36. The lima beans
grown under the higher temperature range (60 to 65 degrees F.) had
slightly over 1/2 the green pigments contained by the shelled beans
grown at night temperatures of LO to LS degrees F. Shelled beans from
the first harvest contained significantly more green pigment than the
beans from either of the 2 later harvests. There was no significant
difference between the green pigment content of beans harvested on
February 15 as compared with those harvested on February 21.

The data presented in Tebles 38 and 39 show that light intensity
had insignificant affects on the ascorbic acid content of the shelled
beans and that night temperatures and time of karvest had significant
effects. Ascorbic acid content of shelled beans expressed on a fresh
weight basis produced under the low night temperature range (L0 to L5
degrees F.) was almost 1} times that found in beans from plants grown
under the night temperature range, 60 to 65 degrees F., whereas on the
moisture-free basis this proportion was increased to 1-3/L times the
content of beans at the higher range. The influence of time of harvest
is less pronounced than that of night temperature. For example, the
shelled beans of the first harvest had 35.58 milligrams of ascorbic

acid per 100 grams and those of the second and third harvest had 2.96



Table 36. Effect of different light intensities, night temperatures
and times of harvests upon changes in the green pigment
of shelled lima beans of the Peerless variety. (Pigment
expressed as parts per million of Chlorophyll.

Night Temperatures

H H 3 Harvest
Light Treatment ¢ Harvest : : 2 x
and Number : Dates 31 LO=459F :  60=65°F : Light Mean

1. Sunlight, plus 1 2=-10=49 @ 77.00 5L,.00 3 65.50
three 200 watt : 2=15-49 76.00 : 36.00 : 56,00
bulbs. t 2=21=49 T72.50 41.00 1 56,75
Temperature x Light Mean t 75,00 1 43.67 3 —

H : 2 3

2, Light intensity ¢ 2-10=49 108.00 57.50 82.75
of Treatment 1 : 2«15«49 60.00 33.50 : 46,75
reduced by 1/3. : 2-21=49 : 60.00 : 19.50 : 39.75
Temperature x Light Mean : 76,00 1 36.83 —

t : : '

3. Light intensity : 2-10-49 : 92.00 41.50 66.75
of Treatment 1 : 2-15-49 40.00 34.50 3 37.25
reduced by 2/3. : 2-21-49 54.30 : 16.00 :  35.15
Temperature x Light Mean : 62.10 30,67 —

: : 3

Temperature Means : 71.09 37.06

t Treatment : Treatment : Treatment :

Light Intensities : One : Two : Three :

Keaﬂ H 590‘{2 $ 5601}2 H %.38 :

3 3 : 2

Harvests 2 2=10=49 : 2=15=49 : 2=21=49 :

: s 3 s

Mean s 71.67 L6.67 : 43.88 :
L.S.D. at the 5-percent level, temperatures 14.88

harvests 18.22
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Table 38, EREffect of different light intensities, night temperatures
and times of harvests upon changes in the ascorbic acid in
shelled lima beans of the Peeriess variety. {Ascorbic acid
expressed in milligrams per 100 grams on fresh weight basis,)

: :__ Night Temperatures : Harvest
Light Treatment s Harvest : : H x
and Number :+ Date 2 LO-459F 1 60-659F : Light Mean
1. Sunlight, plus : 2-10=4% : 37.61 30.51 :  34.06
three 200 watt : R-l5=49 : 30.82 24.20 : 27.51
bulbs s 2-21-49 36450 14.52 ¢ 25.51
Temperature x Light Mean : 34.98 1 23.08 @ ————
: s : $
2, Lignt intensity : 2«10=49 1@ L3.40 30.96 : 37.18
of Treatment 1 1 2-15-49 : 2343 s 21,40 1 22.42
reduced by 1/3. : 2-21~-49 1  32.91 : 26.18 : 29.54
Temperature x Light Mean 1 33.25 ¢ 26.18 —~—
: 2 : 3
3. Light intensity : 2-10-49 : 43.13 @ 27.88 : 35,50
of Treatment 1 : 2-15-49 : 30.16 19.78 : 24,97
reduced by 2/3. : 2-21-49 : 37.21 19.72 @ 28.47
Temperature x Light Mean : 36.8 22.46 p—
: s s
Temperature Means : 35,02 23.91
: Treatment : Treatment : Treatment :
Light Intensity : One H Two :  Three @
3 : t 2
Mean : 29.03 29.7F 29,65
: 3 : !
Harvests 1 2=10=49 : 2=15=49 1 =219 3
: t g 3
Mean : 35,58 1 24,96 27.84 3
L.5.D. at the S5-percent level, temperatures L.8L

harvests 5¢92
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Table 39, Effect of differant light intensities, night temperatures
and dates of harvest upon changes of the sscorbic acid in
shelled lima beans ol the Pesrless variety. (Ascorbic aeid
expressed in milliprems per 100 grams, ¢ry weight basis.)

: : Hight ?mpérg}tum T  Harvest
Light Treatment s Harvest : ' x
and Numbei s Dates 1 4O-45%F 3 60-659F : Light Mean
H ] b4 H

1, Sunlight, plus 1 210-49 & 192.48 : 117.21 s 154.85
three 200 watt : 2-15-49 : 1llG.2828 : 76,01 : 97.94
bulbs. ! 2-21-49 s 135,78 1 37.71 . : 8.4
Temperature X Light Mean s, 149,38 ¢ 76,98 3 0~

: 1 : .8

2. Li@t;g intensity 3 2-10-49 & 186.27 ¢ 121.89 1 154,08
of Treatment 1 3 2-15-49 : 69.88 1 69.96 1 69.92
reduced by 1/3, 1 2-21-49 : 100.46 ¢ 70.24 1 85.35
Temperature x Lizht Mean 1 118.87 + 87,36 1 -

[ 1 : !

3. Light intensily : 2«10-49 : 25L.30 s 107.44 : 1EO.87
of Treatment 1 ¢ 2-15~49 : 111.49 : 72.27 : 9l1.88
reduced by 2/3. 3 2-2L-49 1 124327 1 47.69 1 86,01
Temperature x Light Mean : 163.37 2 T75.80 @ -

: : ?
Teupersture Heans :  M3.87 0+ 80,05 ¢
t Treatment : Treatment :Treatment :
Light Intensities : One ' Iwo s__Three @
H ! : :
Mesn s 113,18 : 103,12 : 119.%
: : P t
Harvests 3 2=10=49 s 2=15=49 1 2-21-49 t
s : : :
Hean $ 1“_63 027 H %028 $ 86, @ $
L.3.D. at the 5-parcent level, temperatures 23.32
harvests 28.57
TxH hO-39
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and 27.8L milligrams of ascorbic acid per 100 grams of fresh ﬁeight, re-
spectively. In the analysis of variance data presented in Table L0, it
will be observed that on the dry weight basis the interaction between
temperature and harvest is significant. The data in Table 39 show that
the effect of delaying the harvest upon ascorbic acid values was not
the same under the 2 night temperature ranges.

Of the various environmental factors studied, only night tempera-
ture affected the total sugar content of lima beans as shown in Table
1. The highest total sugar content was observed in beans grown under
the lowest night temperature range, LO to L5 degrees F. There was no
significant difference between the total sugar content of lima beans
grown at 60 to 65 degrees F. range and those grown at the 80 to 85 de-
greesF. range. Delaying the harvest resulted in suecessive decreases
of the total sugars but these reductions are not significant,

The data, presented in Table L3, show that light intensity and
night temperatures produced significant effects on the percentage of
alcohol inscluble solids in the shelled beans., Plants grown under the
highest light intensity or under the highest night temperature (50 to
85 degrees F.) had a significantly higher percentage of alcohol in-
soluble solids than those grown under the lower light intensities or
under the lower night temperatures, respectively. On the other hand,
time of harvest had no significant effect upon the percentage of alcow
hol insoluble solids even though thers was some increase in the per-

centage of alcohol insoluble solids with each delay in the harvest.



Table 4O, Analysis of variance of data presented in Tables 38 and 39,

, A
Mean Sguare

Source of : d. f. : Ascorbic Acid, : Ascorbic Acid
Yariance : t Fresh Weight Basis : Dry Weight Basis
Total : 17 :
Temperatures : 1 : *%555.77 z #%18332,29
Lights : 2 s 0.86 : 413 .49
Harvests: : : :
1st ve(2nd f 3rd): 1 ¢  #4337.02 :  %#23689,.82
2ndvedd  : 1 i 2480 ; 0,91
TxL : 2 i 20.72 : 1261.4)
TxH z 2 : 31.03 : *1748.09
LxH : Y : 12,86 : 243.7h
TxLxH z 4 : 13.65 : 317.69

*Significant at the S5-percent level
##5ignificant at the l-percent level
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Table 4l. Effect of different light intensities, night temperatures
and times of harvests upon changes in the percentage of
total sugars in shelled lima beans of the Peerleas variety.,

: K Nignt Temperatures : Harvest
Light Treatment : Harvest @ 3 3 s x
and Number : Dates : LO-45OF : 60-650F : 80O-859F : Light Mean
3 : : 1 t
1. Sunlight, plus : 2-10-49 1 244 1 2.40 : 2,80 3 2,55
three 200 watt : 2-15=-49 ¢ 2.72 : 2.00 : 3.10 : 2,61
bulbs. t 22149 3 Ll.45 2 132 1 157  t 145
Temperature x Light Mean 3 2,20 31 1,90 3 2.49 : p—
: 1 $ : t s
2, Light intepnsity: 2-10-49 : 3.11 ¢ 2,12 : 1,78 : 234
of Treatment 1 : 2-15~-49 t 4,23 1 1.18 : 135 : 2.25
reduced by 1/3.: 2-21-49 : 2.48 ¢ 2.36 : 2,10 : 2.31
Temperature x Light Mean : 3.27 : 1.89 : 1.74 : -—
: : 3 ¢ t
3, Light intensity: 2-10-49 : 3.24 1 2,19 : 2.24 1 2.56
of Treatment 1 : 2=-15=-49 ¢+ 2.68 : 2,18 : 2,11 : 2.32
reduced by 2/3.: 2-21-49 : 2,62 : 2,00 : 1l.91 : 2,18
Temperature x Light Mean 3 2,85 ¢ 2,12 : 2,09 : -
t : : s
Temperature Mean 3 2.7 3 197 : 2.1
tTreatment: Treatment: Treatment:
Light Intensities: One Two t Three :
: ‘ : s s
Mean 8 2,20 : 2,30 3 2.35
s T : t
Harvests $ 2=10=-49 1 2-15=49 3 2=21=49 :
: 3 t :
Mean s, 2.8 3 2,39 1,98 1

L.S.D. at the S5-percent level, temperatures 0,58
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Table 43, Effect of different light intensities, night temperatures
and times of harvests upon changes in the percentage of
aleochol insoluble solids in shelled lima beans of the Peer-

less variety.

—-
——-

H : Night Temperatures : Harvest

Light Treatment : Harvest : : t H x
and Number 1 Dates : LO-459F : 60-65°F : 80-85°F : Light Mean

: : p : :

l. Sunlight, plus : 2-10-49 ¢+ 13.26 : 20,70 : 57.88 : 30.61
three 200 watt 3 2-15-49 ¢ 17.00 : 24.41 : 63.20 : 34.87
_bulbs. 3 2-21=k9 3+ 24,25 : 35,30 ¢ 42.56 : 34,04

: : : s :

2. Light intensity: 2-10-49 : 16.52 : 19.75 : 36.99 : 24.42
of Treatment 1 : 2-15=~49 : 21.%0 : 23.16 : 28,30 : 24.32
reduced by 1/3.: 2-21-49 : 17.60 s 29.21 : 23.04 : 23.28

: : : 3 :

3. Light intensity: 2«10-49 : 12,00 : 20,8 : 31.36 : 21,40
of Treatment 1 : 2-15-49 ¢ 15,40 : 28.70 : 41.13 : 28,41
reduced by 2/3.: 2-21-49 ¢+ 18.17 : 31.30 3 L8.40 : 32,62

s : : 3

Temperature Mean s 17,30 s 25,93 s 4l.43 ¢
:Treatment: Treatment: Treatment:
Light Intensities: Cne : Two ¢ Three :
: t s s
Mean H 33.17 H 24.01 $ 27048 :
3 2 f} :
Harvests 2 2010=49 : 2«15«49 3 2-21-49 3
s H : s
Mean : 25,48 ¢ 29,20 :  29.98

L.S.D. at the S5-percent level, temperatures  7.21

lightse

7.21
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The data in Table Ll present the results on the influence of light
intensity, night temperatures, and times of harvest on the starch cone
tent of raw bsans. In g@néral, plants grown under the highest light
intensity and highest naght temperature had a higher starch content
than those grown under the medium and low light intensity and under the
moderately high and low night temperatures, respectively. The differ=
ences are significant between the highest night temperature and the
lowest night temperature and they approach significance between the
highest night temperature and the moderately high night temperature.
They are significant between the highest light intensity and the medium
light intensity, but they are insignificant between the highest light
intensity and the low light intensity. Even though the differences in
time of harvest in starch content are not sipnificant, a very definite
trend is evident toward the accummlation of starch with each successive
delay in the harvest, The si-nificant interaction between temperature
and light is shown by the fact that high night temperatures did not af-
fect the starch content of raw beans in the same manner under each dif-
ferent light intensity.

The findings on the effect of the 3 envirommental factors upon
total growth as expressed on the fresh and the dry weight basis are
presented in Tables L6 and L7, respectively. Night temperature range
was the only factor that affected growth significantly when the data on
a fresh weight basis are considered; whereas the data on plant growth
based on dry weight basis shows that 2 factors, namely, night tempera~

ture and light intensity had a significant effect on total growth,
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Table 4l Effect of different light intensities, night temperstures
and times of harvesis on percentage starch in shelled lima
beans of the Peerless variety.

H 3 Night Temperatures : Harvest

Light Treatment : Harvest : : H s x
and Number : Dates : 40-45°F : 60-65°F : 80-85°F: Light Mean

: : I} : :

1, Sunlight, plus : 2-10-49 8.90 : 15.20 : 41.80 : 21.97
three 200 watt : 2-15-49 ¢ 10.50 : 22.81 : 35.40 : 22.90
buleQ H 2“'2.1"’49 S ll.lq.}- H 31.00 H 30.37 4 21{4‘}3
Temperature x Light Mean ¢ 10.27 : 23.00 : 26,02 : —

) ' 3 : :

2. Light intensity: 2-10-49 : 10,10 : 14,50 : 11,00 : 11.87
of Treatment 1 : 2-15=49 : 9.72 31 16,50 : 12.60 : 12,94
reduced by 1/3.: 2-21-49 : 7.56 : 18,15 : 19.4h 1 15.05
Temperature x Light Mean 1 9.13 3 16.38 :  14.35 : —

: ) : s :

3. Light intensity: 2-10-49 : 5,00 3 13,90 : 19.10 : 12,67
of Treatment 1 : 2=15=49 : 9.11 : 21.00 22,99 «+  17.70
reduced by 2/3.: 2~21-49 : 21.25 : 25.90 : 28.55: 25.23
Temperature x Light Mean : 11.79 3 20.27 : 23.55 1 J—

3 3 : 3
Temperatures Mean : 10,39 :  19.88 1 24.64 3
iTreatment:Treatment :Treatment :

Light Intensities: One : Two : Three :

3 : : 3

Mean : 23.10 : 13.29 : 18.53 :

) : 1 :

Harvests 2 2=10=-49 : 2=15=49 : 2«21-49 :

H : : H

Mean : 15,50 ¢  17.85 1 21.57
L.S.D. at the 5-percent level, temperatures 5.16
lights 5.16

temperature, light interaction 8.94
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Table 46, Effect of light intensity, night temperature and dates of
harvest upon total plant growth of the Peerless lima bean
variety. (Growth expressed in grams fresh weight per nine

plants.)
- g ' H Hiﬁ Temperatures = ¢t Harwvest

Light Treatment : Harvest : H t H x
and Number  : Dates : L0-45F : 60-65°F : B0-85F : Light Mean

: 5 : : :

l. Sunlight, plus : 2-10-49 : 438.0 ¢ 540.3 : 521.3 ¢ 514.9
three 200 watt : 2-15-49 : 473.9 ¢ 515.3 : 537.1 : 508.8
bulbs. t 2=-21-49 ¢+ 4BT7.0 ¢ 553.5 : 610.6 : 550.4
Temperature x Light Mean : 481.3 : 536.4 : 556.3 —

s : : : 3

2. Light intensity: 2-10-49 : 413.5 ¢ 553.2 : 623.7 : 530,1
of Treatment 1 : 2-15-49 : 422,0 1 4804 1 494k 3 4L65.6
reduced by 1/3.: 2-21-49 : 351.9 : 58l.4 : 375.9 : 436.4
Temperature x Light Mean : 395.8 : 538.3 : 498.0 : —

z : : : :

3. Light intensity: 2-10=49 : 477.8 : 545.9 : 5544 : 526,0
of Treatment 1 z 2=15=49 ¢ 346.6 ¢ 509.7 : 517.3 : 457.9
reduced by 2/3.: 2-21-49 : 417.3 : 489.6 : 469.5 : 458.8
Temperature x Light Mean : 413.9 : 515.1 : 513.7 —

s 3 s :
Temperatures Mean : 430.3 = 529.9 ¢ 522.7 :
tTreatment: Treatment:Treatment:

Light Intensitlies: One H Two : Three :

: : H H

Mean s 524,77 : 4L77.4  : 480,9

H H H :
Harvests $ 2=10=49 : 2=15=49 32 2=21=49 :
H : s :
Mean s 523.7 : 4774 2 481.9

L.5.D. at the 5-percent level, temperatures 58,7



Table 47. Effect of 1ight intensity, night temperature and dates of
harvest upon total plant zrowth in the Peerless variety of
lima beans. (Growth expressed in grams of dry weight per

nine plants.)

: 3 Night Temperatures : Harvest

Light Treatment : Harvest : H s : x
and Number : Dates : LO=459F : 60-65°F : B80-85°F : Light Mean

: s : : :

1. Sunlight, plus : 2-10-49 ¢ 89.6 : 76.3 : 87.8 : BL4.6
three 200 watt : 2=15=4% ¢ 84,6 : Thé& : 93.0 : B4.1
bulbs. : 2-21-49 : 107.8 : 103.5 : 100.3 : 103.9
Temperature x Light Mean ¢ 94,0 : 84,.8 : 93.7 1 ==

H 3 : : :

2, Light intensity: 2-10-49 : 68.9 : 72.5 : 105.6 : 8.3
of Treatment 1 : 2~-15=49 : 77.4 : 60,0 : gl.8 : 73.1
reduced by 1/3.: 2-21-49 3 709 : 8L.7 : 57.6 : 70,1
Temperature x Light Mean : T2k 3 Tlely 2 8l.7 : —

3, Light intensity: 2-10-49 : 78,3 : 66.9 : 8L.8 : 75.7
of Treatment 1 : 2=15=49 : 60,3 ¢ 58,9 ¢ T9.5 : 66.2
reduced by 2/3.: 2=21-49 1 75.7 : 60,6 1 65.4 : 67.2
Temperature x Light Mean 1 71.4 ¢ 62.1 1t 75.6 1 =

: : : :
Temperatures Mean : 79.3 1 2.8 : 83.6
tTreatment: Treatment: Treatment:

Light Intensities: One H Two s Three :

s : : s

Mean : 9.8 : 75.2 1 69,7

Harvests : 2=10-49 : 2=15=49 : 2-21-h9 :

: 2 : :
Mean : 80.9 @ The 5 $ 80,4

L.S.D. at the 5-percent level, temperatures 10.07

lights

10,07
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The data on the effect of night temperature upon total growth, on the
fresh weight basis, show that plants grown under the low night tempera-
ture range (3.10_ to L5 degrees F.) was much less than the total growth
made by plants under either the 60 to 65 degreses P. range or 80 to 35
degrees F. range, There were differences in the total growth made by
plants under different light intensities but they &re not of sufficient
magnitude to be significant.

The data in Table L7 show that the dry matter content of plants
grown under the low night temperature range was not significantly dif-
ferent from that of the high night temperature range (80 to 85 degrees
F.), but the plants under the latter temperature range had made more
growth than plants under the 60 to 65 degrees F. range. The data in
this table also show that reducing the light intensity reduced the dry
matter content of the plants even when the light intensity was reduced
by 1/3. The difference in dry matter content of plants grown under
light treatment 2 as compared with that of plants grown under light

treatment 3 was not statistically signifieant,



CISCUSSION

The test of significance used in evaluating the data reported in
these studies was the F value as pfesented by Snedecor (76). Since
this test is valid only when the mean and variance of the varieties are
independent, the nature of the relationship between these 2 factors was
determinad on the starch data, The most accurate test of this type is
carried out by snalyzing percentage data before and after its transfor-
mation, The starch data were amalyzed by following this procedure and
it was found that the interpretation of the data based on percentages
and upon angles was the same., Since it was found that iransformation
of the data on starch from percentages to angles did not change the in-
terpretation of the results, it was not deemed necessary to transform
other data in these studies before completing the statistical analysis.

Considerable variation existed betwsen varieties in the tenderome~
ter readings. For instance, the range was from 154 to 236 unitslfor
Concentrated Fordhook, from 171.3 to 216 units for Peerless and from
152.3 to 205 units for Fordhook 242, For the latter 2 varieties there
was a spread of 10 days between the first and last harvest, whereas for
Concentrated Fordhook there was a spread of 12 days between ths first
and last harvest. Kramer and Smith (L6) found that the tenderometer
range on the Henderson Bush variety extended from 165 to 33¢ 4 units,
These comparisons show that the large seeded types do not become hard

or as tough as quickly as the small seeded types do.

1Units are in pounds per square inch surface required to shear
shelled beans.

1.55%0643
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Although the tenderometer ranges determined for each of the 3 va-
rieties were narrow, there was & very close relationship between this
factor and the alecohol insoluble solids content of raw beans. The data
obtained on this phase <f the study indicated that maturity grades
based upon tendercmeter units could be established, provided adequate
samples of wide ranges of maturity were used in setting up the grade
gtandard.

The investigations (L6, L8) on the alcohol inscluble solids
frection of the lima bean have been reported on the canned or frozen
product and not upon the fresh beans. However, these investigations
show there is very close relationship between this factor and tenderome~
ter units of the fresh bean. The changes in the aleeﬁol inscluble
solids content of the fresh bean due to delay in the harvest were simi~
lar to the findings of Kramer and Smith (L6) on the canned procmect.
Fresh beans of Peerless had a much higher aleohol insoluble solids cone
tent than canned beans when the 2 are compared at comparable stages of
maturity based upon tenderometer readings on the raw beans, This dif-
ference in the alcohol insoluble solids content between fresh and
canned beans can be explained by the fact thst during the blanching pro-
cess, the moisture content of the bean increases approximately 2.5 per
cent and the bean also loses carbohydrates during the blanching DYoSess.
These changes in moisture content and carbohydrate losses which oceur

during the blanching process were reported by Kramer and Smith (15).
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The rapid method for starch analyses employed in these studies has
several advantages over the official 4. 0. A. C.2 method, Thess advam=
tages are, mainly, epeed and the inexpengive equipment required. FPucher
and Vickery (66) first reported the use of the starch iodine reaction as
a meang of determining etarch quantitatively. MNielsen (62) made several
modifications of their wethod wnich speeded up the analytical procedure
considerably. Nielsen compared tha starch iodin2 method with the offi-
cial starch method on lima bean samples amd {ound very close agrsemnent
between the 2 methods. The rapid starch method could be used ir a
canning factory establishment to determine the maturity grade om fresh
samplea.

Dats om the various carbohydrate fractioms and their relative pro-
portion im each variety are presented in Tabla k9. It will be noted
that Peserless was higher im total solids and alcohol insoluble solids
than either of the other 2 varjeties, FPeerless was also higher inm
total soluble solids and alcohdl inscluble solids and lewer im starch
than Concentrated Fordhook. Thua,'ﬁearless contained a much higher per-
centage of polysaccharides such as cellulose, hemicellulose and pento-
sans other than starch}than the latter variely. The relationship
between tenderometer values and the starch contant of the Feerless var-
ety was not as close as the relationship between the same 2 factors for
the Comcentrated Fordhook variety. This difference beiwsen the carbohydrate

fractions for these 2 varieties may explain in part the difference foumd

2pgsociation of Agricultural Chemists
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Table LS. Di¥fect oif storage tenperature and duration, and times of harvest upon changes in the per-
contage of total solids,; aloeohol inscluble solids, atarch and sugses in three varieties of

1l beans,

- - 1 ConCentiratad §ordneak s Faerlessa T 5 Fordhook 240
Factore :Total 3 H tTotal :Total = H s Total = E 3Total
1501 AB e et e 3Gl $30lids thedalle ] zinoriideifaTada. t8bharehtBusars
Times of Hoarvests 2 H H
FTivetl Heaivesml ERNE P 5 A A5 e ¥ EREP I a2l 1 ZB7 5% RGN A Plefl  dair 1 ZRell 2077 1 eG4y L4117
Second liarvest 2 29085 23,08 .97 Le33 1 32,90 26,09 Li.fBl 1o 1 28,57 23.34 15.54 1L06
z H 3
Third Dorvest : 35.57 L& L2l el 1 leki7 1 35.9% 2F e B8 1.5 o U leH r 2l.3% 27 .26 izZ.5Bs: 3232
la.:toi;odat :i.},‘i Tewvel @ 1..57 1.15 1.51 » 022 : 1.57 1.15 l- 51. :}022 H 105‘? 1015 :i.. 53» 6022
Durstionss z ] 3 H )
AG Marvaeosbt 2 RBEEZE 23031 19487 LeT7 1 BOHT  PLOLHT 1 5e5E 0 Leatrfi t ZhJ OU Z2RILZ LTAT  L.DT
3 ] F
I day witer : 2GS .76 2R il LT e T3 1.3 : 32.73 27«77 LisaB7T LoeTh t 27283 2857 1L5.83 1.16
z H H
3 days sitex : 3000 28005 22Ul lelldl § B2.4T 20449 TheBh Lefli i Xi2437% Ripe35 1LiosTE 2.95
& days aiibor : R84 ZheZsy Z1JAE 1e07 1 32.74L 27480 1518 LeBd 1 HE.0T 23 .82 1IR3 0.96
freilielia alb w5 level @ i.84 le32 174 OoZd 3 1.8, 1.32 TaeTh CTae2hh = Laefidy i1.32 Le7h Q24
3 : T
Temperaniuress 3 ) : ) ) s )
3597 T 2.8 23,320 1,59 L1877 1 31,67 26,35 LA TH el 2 27475 23.09 1r.is HLaildl
H 32 H
- : 28LYTF =2R.HY AveTi To£iB 2 BELALDS 2B LT MLOFD LaEE @ 27 .82 2346 15.70  l.26
: H *
e T 29,58 23 a2l 0 edids leaii2 1 3A2.TAL 26 o BT 15.21 da3l 2z 27«52 2 .82 IG52 Q.89
H : z
ol alia : le57 led% JdeSl QeZZ 1.57 d.li5s Lae53 UelZ s T a57 1.15 L5531 Q.22
z H £
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in the relationship between tenderometer units and starch value for the
2 varieties.

After pods had been removed and were held in storage, ascorble acid
and total sugars were foumd to be indicators of freshness. =Each of these
factors decreased in the bean as storage was prolonged. The ascorbic
acid content of the beans did not decrease duriny the early part of the
storage period, but it did decrease rapidly after the third day in
storage. 8ince there was a progressive decrease in total sugars as
storage duration was prolonged, total sugar content was a more relisble
index of freshness than ascorbic acld content., These findings on total
sugar changes in stored beans are in agreement with those of Denmy and
cowworkers (25).

The determinations for reducing substances on several samples
which had been stored im c¢old alecohol showed that small amounts of
reducing sugars were present, However, identical samples stored in a
2 per cemt potassium hydroxide solution of ethyl alcohol yielded only
slight traces of reducing substances. The latter findings are in agree-
ment with those of Demny and co-workers (25) and Carolus (17) on re-
ducing substances in lima beans. Parker and Stuart {63) found that the
bean sepsrated from the pod in the snap bean did not contain any
reducing sugars, Boswell (13) found only traces of reducing sugars
when peas were dropped into boiling alcohol; whereas those dropped into
cold aleohol that had 0,2 gram of calcium carbonate added, showed vary-

ing amounts of reducing sugars prasent when analyzed,
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These studies were planned to correlate specific objective measure-
ments with closely associated organoleptic values. It was reasoned that
such relationships would permit more accurate grade predictions. The
findings in this study indicate that is is necessary to consider the re-
lationships by indivicdual varieties, For instance, the correlation co-
efficisnt for total sugars and flavor for the 3 varieties was only .37
or about the same as no correlation at all. However, the relationship
between these 2 factors was found to be significant by varieties because
s correlation coefficient of .69 avd .56 were obtained from the data on
Concentrated Fordhook and Fordhook 242 varieties, respectively. The
data on the Peerless variety indicated no relatienship between total sug~
ars and flavor as shown by a correlation coefficient of .06. These
findings clearly show that the total sugar determination, as an objece
tive test, would have somewhat limited practical application because the
fiavor grades could only be predicted from a scale based upon data from
1 variety., The best relationships between flavor and total sugars obe
tained were only correlation coefficients of .69 and .56 and these are
too low to be used in 2z regression equation for predicting grades,

These very poor relationships indicate that other possible objective
tests which might have a greater specific association with flavor than
was found between the 2 factors studied should be investigated. 4
study of the relationship between flavone pigments and flavor might re-
veal a better objective test for ﬂawr;

These studies have revealed several valuable objective neasurements.,
The relationship between green vigment content of the raw bean and or-

ganoleptic color is a very go'od example. These 2 factors were found to
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be very closely related in data for the Peerless variety. Color grades
of the frozen product could be predicted from raw beans. Another very
close relationship was found to exist between tenderometer units and or-
ganoleptic tendermess, The correlation coefficients between these 2
factors were =.5h, =.77 and -.Th for data or the Coneentrated Fordhook,
Peerless and Fordhook 242 varieties, respectively. Although these cor -
relation coefficients are not satisfactory for prediction purposes, they
indicate a fairly close relationship which merits further study., This
relationship was found to be closer for those varieties that contain
smaller starch fractions but a higher contsnt of polysaccharides other
than starch, A further breakdown of the polysaccharides into hemicellu-
loses might provide a betier picture as to the factors contributing te
the tenderness or taughnasa of;ajli@n_bean.

mltiple correlation coefficient determinations afforded a measure
ing stick of the effect of any 1 objective test upon organoleptic grade
when 2 or ﬁnre factors afe canéidare& to determine the grade, t?ﬁr-axamp
ple, the multiple correlation coefficients between the objective tests,
total sugars and ascorbic acid, with flavor for the Concentrated Forde
hook variety was .70 as compared to the correlation coefficient between
sugar and flavor of .69. These 2 comparisons show that total sugar
rather than ascorbic acid variations accounted for most of the variation
in flavor in this variety; whereas ascorbic acid rather than the totsl
sugars accounted for the flaver variations in the Peerless variety. Al=-
though multiple correlation analysis did not reveal any group of factors
that could be used in precdicting flavor grades, it did reveal 1 very

significant relationship between over-all grade, ascorbic acid, alcohel



insoluble solids and starch., The mltiple correlation coefficient for
this relationship was .85 which means that 72 per cent of the total var-
iation in organoleptic over-all grade can be atiributed to these
factors.

The etudies of the effect of environmental factors mwalad that
night temperature exerted a very strong inﬂnence.‘npon thé plant proe-
cesses, yleld and composition, For example, the optimum night termpera-
ture range (60 to 65 degrees F.) produced approximately 5 times the
yield of the low night temperature range (kO to L5 degrees F.) and ap=
proximately 10 times the yield of the high night temperature range (80
to 85 degrees F.). On the basis of these findings it appears that lima
beans should be grown during a season in the year when the mean night
temperature range is between 60 and 65 degrees F, Temperatures lower
than this range slowed ur the maturation process and were responsible
for an ingcrsased sugar and vitamin content of the bean., On the cther
hand, night temperatures above the optimum range hastened maturation and
starch accummlation,s Under a hizh night temperature environment some of
the pods even began to shrivel before the seed reached naximunm size.

The data, also, showed that reduction of light intensity tendesd to
slow up maturity in plants held under the 80 to 85 degressF. night teme
perature range., This response was reflected in the starch content of
beans mnder the high night temperature - low light intensity treatment.
The very close relationship betreen night temperatures and maturity in-
dicates that heat summation units may be used to explain the rate of

maturity of the lima beans, If heat sumation units were directly
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related to the rate of maturity, their application to the timing of
plantings would facilitate the regulation of supplies for the cannery
for any 1 period.

¥ight temperatures have a pronounced effect upon the nutritive
value of the lima bean. In this study beans grown at a night tempera—
ture range of L0 to L5 degrees F. contained approximately 1} times as
mich ascorbic acid expressed on a fresh weighlt basis as the beans grown
under night temperature range of 60 to 65 degrees F. The beans grown
at the low night temperature range contained slightly over twice as much
beta carotene on the fresh weight basie as did the beans from the 60 to
€5 degrees F. range. The highest quality beans based upon nutritive
value were grown under the low night temperature range (LO to LG degress
F.)o This range could not be reccommended because ylelds were extremely
poor as compared to the yield from the optimmm night temperature range
(60 to 65 degrees F.) based on yield performance.

These studies have revealed several useful relationships between
the objective tests on raw beans and organcleptic evaluations of the
cooked frozen bean., These usefvl relationships are: between green pige—
ment and organoleptic color, and between tenderometer readings and tene-
derness. It is hoped that their close association will stimulate fur-
ther investigation, With some varieties total sugars were correlated
with flaver and in others it was ascorbic acid that was correlated with
flavor, The relationships between objective tests such as sugar deter—
minations and flavor are not close enough to be used in predicting
grades, Further study on objective tests, other than those employed in

the studies, must be made before much light can be thrown upon flavor,



SUMMARY AWD COWCIUSIOHS

Studies were made to determine the effect of certain starage‘and
environmental factors on changes in physico-chemical processes and in
rutritive value of shelled lima beans, The investigations were divided
into 2 phases: (1) the effect of 3 times of harvest, 3 varieties, 3
storage temperatures and L storage durations on changes in beans grown
under field conditions, and (2) the effect of 3 times of harvest, 3
night temperatures and 3 light intensities on changes in beans of the
Peerless variety grown under greenhouse conditions. The storage tests
were conducted on the beans grown under field conditions and the
physico~chemical determinations were made on both phasés of the study
in the laboratories of the horticultural department of the University
of Maryland. The storage experiment was planned ona 3 x 3 x 3 x L
factorial design. The variables were varieties, times of harvest,
storage temperatures and storage durations, respectively. Data were
secured on the yield of the plants and on moisture, alcohol insoluble
solids, beta carotene, green and yellow pigments, total sugars, starch
content, tenderometer readings and organcleptic values of shelled beans
both before and after storage and on organoleptic walues of the frozen
rroduct.

In general, the data 5haw that delay in harVest slgnificantly in-
creased the yields of plants, as measured by the weight of shelled
beans, and significantly increased tenderometer readings, alcohol ine
soluble solids and starch content of the shelled beans. On the other
hand, delaey in harvest significantly reduced moisture, carotens and or-

ganoleptic values, with the exception of flavor, pigments, and



108

significantly reduced ascorbit content between certain harvests and not
between octhers.

These findings show that increasing the storage temperature from
35 degrees F. to 70 degrees F. significantly increased tenderometer
roadings, alcchol insoluble sclids, and sbarch, whereas higher storage
tamparaﬁnres decreased organoleptic values, green and yellc# pignents,
ascorbic acid, and total sugars., Variation of the storage temperature
¢éid not affect the moisture and beta carotene content of shelled beans,

Prolongation of the storage period was accompanied by inercases in
tenderometer values and alcohol. insoluble solids content and decresses
in the organcleptic wvalues, ascorbic seid, beta carotene, green and yel-
low pigments and total sugars. HMoisture and starch content were not af-
fected signifieantly by étarage duration.

In some cases, significant differences between varieties were es-
tablished, Concentrated Fordhoolr and Peerless produced significantly
greater yields of shelled beans than Forcdhook 2L2. Peerless had a
significantly lower moisture content than either Concentrated Fordhook
or Fordhook 242, and a significantly higher alcohol insoluble solids,
beta carotene anc total sugar content than the latter 2 varieties.

The following significant fir#t order interactions were found:

(1) betwesn time of harvest and duration of storage for tenderometer
valunes, alcchol insoluble soiids,‘total sugars and pigments, (2) bew
tween variety and duration for tenderometer values, alcohol inscluble
solids, starch, beta carotene and yellow pigments, (3) between harvest

and varieties for alcohel insoluble solids, organcleptic tenderness,
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organoleptic flavor and organcleptic over-all grade, (L) between tem-
perature and duration for ascorbic acid and total sugars.

Useful correlation coefficients were obtained with ltendsrometer
values and alcchol insoluble sclids content, and with tenderometer
values and starch content for each ofrthe 3 varieties. The multiple
correlation coefficients failed to reveal any close relation of any 3
or more variables to be useful for the evaluation of flavor.

For the greenhouse studies, a 3 x 3 x 3 factorial design was em~
ployed. The variables were light intensity, night temperature and time
of harvest, respectively. GSeed were planted in a fertile soil mixture
in coffee-urn jars on November, 19L8. Seedlings were thinned to 3 per
container. Data were secured on the yield of plantis and on moisture,
alcohol insoluble sloids, starch, ascorbic acid, beta carotene, green
and yellow pigments and total sugars.

Of the 3 environmental factors studied, night temperature had the
more significant effect on the chemical composition of shelled beans.
In general, the lowest night temperature (L0 to L5 degrees F.) was fa-
vorable to the formation of relatively high contents of carciene, green
and yellow pigments, ascorbic acid and total sugars, while the highest
night temperature (80 to 85 degrees F.) was favorable to accurulation of
alcohol insoluble solids and starch. . éoth etarch and alcchol insoluble
sclids inerease with an increase in the light intensity.

These studies revealed that 8 correlation coefficients were suffi-
ciently high to be used in predicting the value of the dependent factor

from that of the independent. The relationship between azlcohol insoluble
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solids and t;sndévometer and between starch and tenderometer for each of
the 3 varieties are considered to be sufficiently close to use for pre-
diction purposes. The multiple correlation determinations did not re-
veal any relationship that could be used in evaluating flavor. However,
this phase of the investigation did show the factors that influence
over-all grade. The cbjective tests on ascorbic acid, alcohol inscluble
solids and moisture could be used in a mmltiple regression equation for
the prediction of over-all grade on lima bean samples.

The phase of the study on envirommental factors shows that nutri-
tive value of the lima bean can be increased by growing plants under
low night temperatures and deereased by high night temperatures. The
environmental factors, light intensity and times of harvest had very
little effect upon the nutritive value under the conditions that pre-
vailed in thie study.
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Table 2, Analysis of varlance of data presented in Table 1.

Source of : do fo 2 :

Varlance 3 $ Shelled Beans : Fresh Pods
Total : 35 z :

Varieties : 2 : #217L5.95 : ##11276, T4
Harvests : 2 : ST, T8 : 271,99
Replicates : 3 : *597.71 ; #22/62,30
VxH : b s 155.08 1238, 94
VxBR ;6 1 smpos  ;  s28.31
HxR : 6 : 56.69 : 501,75
Error L 12 6749 . 590.10

#3ignificant at the 5-percent level

#%3ignificant at the l-percent level
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Table 5. Analysis of variance of data presented in Tables 3
and 4.

Source of : : t

Variance 2 d, £, : Tenderometer : Moisture
Total : 82 : :

Varieties : 2 : #%81325,.0 : #2181.47
Harvests : 2 : ##26264.90 : ##59] ,67
Durations i 3 ; #5617.93 : 25.34
Temperatures : 2 : #4,39.90 : 0.72
VxH f 4 : 346,92 : 4,95
VxD ; 6 : 112,70 : 0.69
¥x? : b ; 100.48 : 2,75
HxD P61 123.08 9.35
Hx?T : [ : 155.80 : 0.23
Dx7T z 6 f 110.53 : 1l.88
Error f 43 : 13447 : 0.29

#5ignificant at the 5-percent level
#%gignificant at the l-percent level



Table 8. Analysis of varlance of date presented in Tables &

ang 7.
Source of :d.' f.'f; ] Ai?o!ml ' .‘: -
Variance t 1__Insoluble Solids : Starch
Total P :
Harvests . 2 ; »,38,38 P 64,04
Yarieties : 2 : #9941 : #%208. 42
Durations i 3 : ##23.30 : 3.17
Temperatures : 2 : *8.26 : #12.27
HxV : b : *5.81 : 3.19
HxD : 6 : *4he99 : 2,93
Hx?T : & : 1.47 : 94
¥xD : 6 : #,,,68 : »i21.33
VvxT : b : 2,30 : l.11
bxT : 6 : 1,80 : 2.15
Beyor L+ w36

#84ignificant at the 5-percent level
sa5ignificant at the l-percent level



121

Table 10, Analysis of variance of data presented in Tables 9

and 7.

s s Mean Square
Source of t do fo Transformed : Percent
¥ariance : : Starch Data 3 Starch Data
Total : 84 : :

t H :
Harvests : 2 : #4217.8l, s %364,04
Varieties : 2 : #%#120,81 : #8208, 42
Durations : 3 0.98 : 3.17
Temperatures : 2 f #7 46 : *12,27
HxV P4 195 s 3.19
HxD : 6 : 1.83 : 2.93
HxT : L : 0.65 ; 0.94
YxD : 6 : *512,86 : ®#21,33
Vx7?T : b : 0.55 : 1.11
DxT : 6 : 1.52 : 2,15
Error : 45 : 2.00 : 3.36

#3ignificant at the 5-percent level

#3ignificant at the l-percent level
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Table 13. Analysis of variance of data presented in Tables 11
and 12,

e e
Mean Square

Source of f d. £, ' :

Variance $ : Ascorbic Acid : Beta Carotene
Total : 8 : :

Harvests P2 #260.02 ; #£3,29
Varieties : 2 : 7.26 : ® 0,51
Durations i 3 : #*107,58 : *%].18
Temperatures ; 2 ; **29.77 : 0.25
HxV i 4 : 2.16 : 0.03
HxD . 6 : 3.36 : 0.33
HxT : 4 : 420 : 0.008
VD D6+ 519 i 07
VxT : 4 : 2,81 : 0.06
Dx7T f é : #®]2,92 : 0.17
Error : 43 : 3.60 : 0,16

#3ignificant at the 5~percent level

#3ignificant at the l-percent level
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Table 15. Analysis of variance of data presented in

Table lk.
; MHean Square

Source of Variance : de¢ fy = == == c'=m - v - =~ =

_ _: : _Total Sugars
Total e
Harvests ; 2 z 1.68
Varieties i 2 : #421,92
Durations : 3 : ##29,36
Temperatures : - : *%27,53
Hx¥Y : b : 0.65
HxD : 6 i *l_.’87
Hx? 3 4 : 0.56
¥YxD ; 6 : 1.15
¥x?T : 4 : c.38
Pbx? f 6 : #%3,31
Error . &0 : 0.68

#8ignificant at the 5-percent level
#x3ignificant at the l-percent level
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Table 18. Analysis of variance of data presented in Tables 16

and 17.
H 2 Mean Square

Source of s do f. ¢ H

Variance H : Green Pipment : TYellow Pigments
Total f 85 : :

Harvests : 2 ; &1 764,09 : #32,04
Varieties : 2 : 218.94 : 1.53
Durations i 3 758,59 : *#18,55
Temperatures ; 2 ‘ : #370.89 : *1Le 54
HxV z 4 : M.Zé : h.38
HxD : 6 : *204.12 3 *#9,30
HxT ch W0 0.66
VxD : 6 ' 119.84 : #5451
¥xT : [ . 27.29 : 1.50
Dx? : 6 : 130.2§ : 2.91
Error : 46 2: Bl.lé : 1.90

#Significant at the 5-percent level

##5ignificant at the l-psrcent level
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Table 21, Analysis of variance of data presented in Tables 19

and 20,
T Nen Sare

Source of : d. £, 2 H

Variance t : Tenderness ¢ Flavor
Total : 69 : :

Harvests : 2 z #8}2,27 : 2.89
Varieties : 2 z 0.70 : 1.39
Durations : 3 : #eg, 64 : #9826, 49
Temperatures : 2 : #6,35 ! 7,93
ExV : 4 : %1,91 ; *ho 96
HxD z 6 : 0.62 : 1.93
Hx? : 4 : 0.83 : 0.84
VxD i 6 : 0.65 : 1.36
Vx? : 4 : 0.25 : 0.16
DxT : 6 ; 0.83 : 1.35
Error P 30 0.5  + 1.9

#8ignificant at the S5-percent level

*gignificant at the l-percent level
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Table 24, Analysis of variance of data presented in Tables 22

and 23,

t :ﬁ - Mean Square
Source of t d, f, 1 Organoleptic : Organocleptie
Variance 3 ¢ Color Grade : Over-all Grade
Total i 67 : :
Varieties : 2 : #2,05 : 0.23
Harvests : 2 ’ *##50,50 : #*],85
Durations ; 3 : 428,86 : *55,97
Temperatures : 2 ; #%8,69 : *%1,73
vxH fw o+ LB . %0.38

s H s
Vxb t 6 0.18 s 0.18
Vxr f 4+ o3 1 0.4
ExD : 6 : 0.85 : 0.21
HxT : L : 0.99 : 0.05
Dx?® : 6 : 1,25 : 0.23
Error : 28 : 0.57 : 0.13

#3ignificant at the S~percent level

#Mgignificant at the l-percent level
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Table 31. Analysis of variance of data presented in Tables 29

and 30.

’w;_ t ! ir Mean Square
Source of s deo £ 2 Pod Yield : Shelled
Variance t t (dngrams) 1 Bean Yield
Total : 26 : :
Temperatures : 2 : *#143240.33 : *24,699.73
Lights D2 wsessL ;L2
Harvests : 2 1; #%2,,035.67 : 121.27
TxLl : 4 : 2355.78 ; 39.78
TxH : b : 3367.45 : 43.48
LxH : ki 240608 i 2u6.59
TxLxH, amr: 8 : 1188.34 : 204,40

#g3ignificant at the S5-percent level

#gignificant at the l-percent level
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Table 37, Analysis of variance of data presented in Tables 35

and Bét
e e e e e e e ———
3 : Mean Sguare
Source of 1 d. f. ¢ )
Variance 3 : Yellow Pigments : Green Pigments
2 t :
Total s 17 2 H
: : :
Temperature : 1 3 328,96 g M5212.20
: : s
Lights: s H H
Trlvs(Tr24£Tr3): 1 6.63 : 257.07
: t :
Tr2vs Tr3 t : #40,52 s 302,01
3 t H
Harvests: g : s
ist vs(2nd #3rd) ¢ 1 3 17.02 3 #%2786,09
: t H
2nd vs 3rd : 1 28,67 : 23,24
H : t
TxL T 2 3 13.34 : 29,64
: s :
TxH s 2 H 7.78 : 121,07
3 : H
LxH st 4L 6,17 s 170.10
s : :
TxLxH(error) : & 5,15 : 129,27

*¥Significant at the 5-percent level

*3ignificant at the l-percent level
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Table L2. Analysis of variance of data presented in

Table 41,
: Mean Square
Source of Vardance 3 d. f, te = = = o o o = = « = =
‘ s s Total Sugars
: $
Total : 26 t
, : :
Lights : 2 5.33
: 3
Harvests g 2 : 64,38
t s
Temperatures: : :
LSOF we(65P 4 85%): 1 #¥323.31
3 H
60-65°F vs 80-85°F : 1 8.25
3 3
LxH t & s 37.38
H 3
Lx? H 4 H 6‘&-32
: :
Ex?T s 4 : 25.25
: '
L xHxT (error) 3 8 2h.24

- #Significant at the S-percent level

#wgignificant at the l-percent level
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Table 45. Analysis of variance of data presented in Tables 43

and Mo

H H Mean Sguare

Source of t d, £ ¢ Alcohol :

Variance H : Insoluble Solids 1 Starch
2 2 :

Total : 26 1 H
t s 3

Temperatures : 2 1 ®1345.37 : 73,35
3 ? . 1

Lights : 2 3 192.7h H *%217,03
: : $

Harvests t 2 52.15 t 84,31
t : t

TxL $ & 2 1.5001.-7 $ *88030
¢ ¢ :

TxH H h 3 53-19 H 13059
H 1 t

LxH : b 1 30.40 : 24.09
: t t

TxLxHerror) : 8 3 kb o Ol : 22,55

#5ignificant at the S5-percent level

##gignificant at the l-percent level
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Table 48. Analysis of variance of data presented in Tables 46 and A7.

: : Mean Square
Source of : d. f. ¢ Plant Growth on ¢ Plant Growth on
Variance H ¢ Fresh Weight Basis : Dry Weight Basis
: : :
Total T 26 :
H H ]
Temperatures: H 2 t
40=45°F vs (60- 1 : :
65°F + 80-85°F) : 1 ¢ #%55263.98 : 6.82
: s H
60-65°F vs t 2 s
80-859F : 1 235.44 : #531.31
s : :
Lights: : 1 H
Trlvs (Tr2 : 1 3
£ Tr 3) : 1 11436.65 : #%2031.36
H : :
Tr2ve Tr 3 3 1 1055.82 : 133.39
H : 3
Harvests : 2 3 5864.17 3 114.57
: ] :
TxL : 4 1538,03 3 25,53
: 3 2
TxH : h 12 1356.94 : 214,28
: : :
LxH : L 3567.67 3 235,52
3 3 2
TxLxH : 8 3 3364.29 t 85.7h

#5ignificant at the 5-percent level
##3ignificant at the l-percent level



