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The development and expansion of the processing iftdturbxy in the 
United State is paralleled to some degree by the search for aethods 
of measuring quality in food products* An .■oyer-all vies of the trend 
of quality studies indicates that one of the »3*t influential and uni- 
veraally operative factors responsible for variation in eating quality 
Is the stage-., of dewelopesani Or the degree -of maturity* Some vegetable 
products have their highest quality shile they are quite young and 
other® increase in quality m  the. product; matures*

For many yearn the quality of canned lima boars has been largely- 
based upon color and else* These factors wre deterotnad by hunan 
sight and by the use of sising equipment* With varieties such a® 
Henderson Bush the aseoaptlae that color and sise were closely related 
to quality and maturity proved to- be sound and useful* However, the 

introduction of wgreen seeded* varieties has altered this relationship 
between color and quality* The new 11 green seeded* types do not lose 
all their green pigment in the process of maturation! consequently, the 
color factor m  m  accurate mans in evaluating quality is no longer 

reliable* Urns, the development of m m  other method is iterative* A 

very strong effort' ha® been made by Investigators to associate certain 

chemical changes in the seed with maturity*

Although a considerable aiaount of scientific data have been pub­

lished on the nutritive value of the lisa besm, liltl© information is 
available on factor® related to quality* How is a change in the nu­
tritive value reflected in a change of quality? A considerable amount
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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 on 

how environmental factors affect the period of duration of the most de­

sirable edible stage in the lima bean is very scanty. Thus, these in­

vestigations were undertaken to determine the rate of change in nutri­

tive value as affected by storage under different temperatures and du­

rations, to measure the relationship between these changes and those in 

quality of the frozen product, to 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 effect of light intensity 

m d  night temperatures ttpon growth, maturity and nutritive value of the 
lima bean.
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STORAGE

Several investigators have studied the effects of storage upon 

changes in the various carbohydrates, vitamins and mineral contents of 

the 1 iaa bean and other closely related crops* Most 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 
sore complex carbohydrates such as cellulose and hemicelluloses •

Carolus (18) conducted studies on the effect of normal and low 

temperatures for periods of 2h and 12 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 2k hours total sugars de­

creased rapidly, soluble nitrogen decreased slightly, and starch and in­

soluble nitrogen increased slightly. The starch content began to de­

crease slowly after the first 2l-hour storage period* With unshelled 
brans the normal temperatures decreased the starch content more rapidly 

than the other storage conditions*

3isson, Jones and Robbins (10) carried out studies on the effect 

of storage temperature upon changes in dry matter, reducing substances 

(mostly sugars), total sugars and crude fiber in the saiic ©table spears 

of asparagus* In general, they found that storage temperatures of ll, 

56, and 77 degrees' F* resulted, in rapid decrease® of reducing sub­
stances and in total sugars, whereas the crude fiber increased with 
each increment increase of the storage temperature.



h

Brnmj 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 lisa bean pods in large galvanised containers in 

which the following concentrations of carbon dioxide were maintained:

0, 2.5, 7.5 and 22.5 per cent by volume, and stored the container® in 
a room maintained at 5 degrees C. Under these conditions they found 

that carbon dioxide retarded the rate of decrease of sucrose in the 

shelled beans and 'maintained good 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 beans.

Brown (II4) presents data which show that high temperatures marked­
ly decrease the sugar content of garden peas immediately after they are 

harvested* Peas with a sugar content of 18.6 per cent (as invert sugar 

on a dry weight basis) at the harvest and stored at high temperatures 

for"a period of‘, 7 days lost 36.8 per cent of the sugars, while those 
stored at 32 degrees F. lost only 30 per cent of the total sugars.

Eheart et al. (26) determined the ascos4>ic acid content of shelled 

lima beans under various storage conditions. They found, that the I4.8- 
hour shelled refrigerator-stored samples were higher in ascorbic acid, 

with an 81; per cent retention than the !;S—hour shelled room—stored 

samples, with a 33 per cent retention; whereas, the 1x5- 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 ltd-hour shelled and the U8-hour 
pod-stored refrigerated samples*
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Tresseler and co-workers (8l) found that shelled lima. beans 

stored at 0 degrees C. for I 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 said 31 per cent* respectively* They found the 

greatest losses in ascorbic acid daring the first 3 days of storage*
Fellers and others (2?) compared the Sherman bioassay for Vitamin 

C with the 2, 6 dichlorophenol-indophenol dye titration values and 

found the former considerably higher. They state, however, that the 

titration dye method 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 studies on the nutritive value of canned foods, Gaerr&nt etj 

al. (30) showed that the vitamin content of most canned vegetables, in­

cluding lima beans* decreased' with increased temperature and prolonged 

storage.

Gortner et> al* (29) found that quick-frozen snap beans lost 30 

per cent of their ascorbic acid when held for 1 year at 0 degrees F* 
and 80 per cent at 10 degrees F* In comparison to quick-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 0 degrees F.

Scott and Mahoney (73) studied -quality changes in lima beans at 

different storage temperatures. Shelled beans were stored in consumer 

packages at ■ 28, 32,: 35, 38, 1*2 and :1*6 degrees F.* and samp log were re­
moved at 2-* 1*-, 6-, 8- and 11-day intervals to determine total solids, 

alcohol insoluble solids and ascorbic acid contents* Analyses were not 
made on samples held at 1*2 and 1*6 degrees F. because they were
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unmarketable after 'the first few days of storage. They found that 

shelled beans stored for a period of 1* days at any one of these 

temperatures, 28, 32 .and 3$ degrees F., Whether from precooled or 

non-precooled lots retained approximately'2/3 of their original as­
corbic acid content and were excellent iiv appearance and free from 

off odors. The shelled beans remained in m  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 

peas that were stored at 3*5> degrees G* for a period of 188 hours 

showed a rapid translocation of dry matter from the pods to the peas 

and a retention of 61 per cent of their original sugar content, while 

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.

Kertess (39) measured the changes in reducing sugars, sucrose, 

starch and alcohol insoluble solids of peas after they had been re­
moved from the plant. He found a striking 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 $0 per cent increase in the first 21*. 

hours, whereas, there was only 2h per cent increase in the mature peas*

Studies conducted by Scott and Tewfik (?!*} on atmospheric changes 
occurring in film-wrapped packages of vegetables and fruits showed a 

very rapid deterioration in flavor of the lima bean, and no impairment 

in flavor of the snap bean. Carbon dioxide accumulated and oxygen
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was depleted la all of the film-type wrappers these workers 
tested.

Wadsworth and Wilcox (83) found that unthawed frosea samples of 
lima beans held at 0 degrees F. for a period of 2k 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 grass found la fresh lima beams.

Williams at al. (85) carried out extensive investigation* upon 
changes in the sugar content of raw green beams stored under ordinary 
room temperatures and iced la hampers. They found that storage in iced 
hampers resulted in mo change in reducing sugars and an Increase in 
sucrose from 0.U to 0.85 grams per 100 grams of fresh tissue, and stor­
age at ordinary room temperature resulted in a decrease in reducing 
sugars from 1.92 to 0.90 grams.

Applemaa and Arthur (U) studied the rate of sugar loss in sweet 
com held in storage. They found that the depletion of sugar does not 
proceed at a uniform rate. In general, the rate of sugar loss becomes 
slower until the initial total sugar content is decreased to approximate­
ly 62 per cent and the sucrose Initial content to approximately 70 per 
cent. Their work show# that during the first 2k hours at JO degrees 
0. the kernels lost 50 per cent of their original 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.



8

g m im m m m kb factors

Several investigations have beam made on the influence of shade or 
partial shade as compared with sunlight on the yield of vegetable crops. 
Halsted (31) tested spinach and lima beans under a shaded and non~shaded 
environment. He found 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*8? pounds of pods as compared to the un­
shaded plots with a yield of $2*12 pounds. Andrews (2, 3) found that 
the Fordbook variety outyielded Henderson Bush when 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, when both varieties were grown in 
full sunlight, the chlorophyll content, stomatal opening, leaf thickness 
and yield of Henderson m s  greater than that of Fordbook*

Reid (68) studied the effect of light variations upon the growth 
of the cowpea plant* Plants grown under relatively weak light (181* 
gram-calories per day solar radiation) had thicker leaves, larger stems 
and smaller roots and a lower ascorbic acid content than those grown in 
strong light {3hk gram-calories per day solar radiation)* She concluded 
that a reduction in the light intensity increased the siso of leaf but 
did not Increase the green weight • In another investigation (69), Reid 
found a definite influence of light intensity on a "day to day" and 
even 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 "concomitant increases in ascorbic acid
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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 
£ea mays and found that maximal growth of stem axis and leaves occurred 
in full sunlight (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 conclusion was based upon the fact that the growth curves of 
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) determined the effect of light intensity upon utilise** 
tlon of nitrates and upon the changes in hemiceilulose, 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 hesdeellu- 
lose, and in a decrease in dry matter, soluble sugars, and starch•

Arthur (£) found that photosynthesis 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 in the visible region* Panchaud (62) studied the production of 
dry substance in the root of the radish under different light intensities • 
His findings show that the ratio of water to dry substance tends to de­
crease as the light intensity increases*

Lubimenko (£0, 51) studied the effect of light intensity upon 
chlorophyll production of many plants. He found that within limits 
chlorophyll Increased rapidly with a decrease in light intensity. His
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studies also star that stem growth Increases with illumination, whereas, 

root and leaf growth decrease'with, illumination.
Blackmon (11) grew duckweed at light 'intensities varying from 350 

to liiOO foot-candles and at temperatures ranging from 15 to 30 .degrees 

0. His findings show that light intensity and temperature are inter­

related. In general, an increase in light intensity to which the plants 

were exposed resulted in a shift of the optimum, temperature to a higher 

level.
Kohman and Porter (UO) present data on the effect of solar rays up­

on ascorbic acid in the tomato. They kept tomato plants 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 ascorbic acid and sugars in the ripe fruit. 

McCollum (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 3h.O milligrams in 100 grams on the fresh weight 

basis. However, this investigator found no relationship between the as­

corbic acid content and total solids nor with total sugars.

The interaction of light intensity and temperature upon frond mul­

tiplication of Lemrn was studied by Ashley and Qxley (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 2k degrees G. and inde­

pendent of light intensity above 350 foot-candles.



11

Popp (6k) 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 $00 foot-candles• Porter (65) 
studied the influence of light intensity upon photoasynthetic activity 
of tomato plant leaves, as measured by the amount of growth, fruit pro­
duction, and increases in fresh and dry weight. He found that with de­
creased light intensity stem elongation and leaf expansion increased.
The percentages of dry matter, fresh weight and elaborated food 
materials correlate rather closely with light intensity.

Studies of different densities of shading as they affect growth 
and fruiting of the Henderson Bush variety of lima bean were carried 
out by Havis (32) in Ohio. In his experiment, 2, 3, and U layers of 
cheesecloth were employed. Leaves of plants grown under any of the 
shade treatments were larger and thinner than those of plants exposed 
to full sunlight. However, there were so signlf least 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 k layers of 
cheesecloth flowered ? days later than plants in full sunlight • Shaded 
plants differed from those in full sunlight in the following respects t 
roots were less woody and had smaller diameter, stems were thinner, more 
succulent and much elongated, and the top-root ratio was greater.

Smith (7$) studied the effect of various wave lengths of light upon 
the development of caroteaoid pigments in the tomato. His data show 
that wave lengths of $1*00 to $800 A. U. were not conducive to maximum 
production of the caroteaoid pigments, whereas some of the shorter and



12

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, ?8, 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 optima intensities found for 

tobacco, sunflower, buckwheat and dahlia were 35, ?8, 58 and 58 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 (?0) observed the effects of different temperatures and 

photoperiods on the behavior of 2k0 varieties and/or species of plants* 

In general, plants grown under high night temperatures were of a pale 

yellow color, especially those' considered as wars-climat© plants, while 

those grown under low night temperature did show discoloration of the 
foliage*

Andrews1 work (1) on the effect of temperature on flowers of 

Crocus vermis 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 Hearty (23) studied the effects of temperature upon 

translocation from leaves, and found that cooling a petiole between 0*5 

and 1*5 degrees C. greatly retarded translocation from the leaf blade*
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The greater rate of transport took place between 17 and 2h degrees G. 

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 sore 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 Bush variety of lima bean.

He found that high temperatures and low- atmospheric humidity favored 

the abscission of blossoms* Many racemes averaged 53 potential buds 

but only 2 pods set per raceme*

Several investigations have been reported which stress the impor­

tant influence of site or location upon vitamin and 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 acid content of turnip greens.

Janes (36) reports little variation in carotene, ascorbic acid and dry 

matter content of ccllards, broccoli and carrots grown under different 

fertilizer treatments, but considerable variation in percentage of 

these constituents from one location to another. Ehsart et., al. (26)
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reported on the effects of location on the ascorbic acid, 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 between varieties:; bat Wkch greater differences between loca­

tions*
ICcGinty and Andrews (Sh) found that increases in nitrogen content 

of fertilisers increased'the seed weight, but had no 'significant effect 

on pod or seed numbers in lisa beans. They also report that the exami­

nation of blossoms showed that the anthers do not dehisce under ordi­

nary conditions at damson College and some of the pollen grains germi­

nate within anthers. Wolf (86). states that Henderson Bash plants which 

have set a good crop of pods contained significantly more nitrate 

nitrogen, available calcium and less available phosphorous than poorly- 

set plants* Bapid soil tests for organic matter content of the soil 

showed a positive correlation between seed set and soil organic matter 

content.

EATUBJTT, q m m  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 (lik) studied the relationship between 

tenderometer readings on the raw lima beans and alcohol insoluble 

solids content of the canned product. The correlation coefficient
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between these 2 factors was 4.91» They found very little varietal dif­

ference in this relationship bat distinctively different ranges for dif­

ferent varieties. They conclude that the maximum yield stage is 

reached when the largest portion of beans has reached the maximum size. 

However, maximum size can only be obtained by means of several succes­

sive harvests. In the Henderson Bush variety this point was reached 

when approximately 1*0 per cent of the beans had turned white and the 

tenderoseter 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 unsatisfactory for the large sizes. 
Another study conducted by Kramer (1*1) 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 increase 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 
size.

Lee (1*6) reports the employment of a tenderoaster capable of meas­

uring shearing forces up to 550 pounds per square inch as compared with 

the standard which measures up to 25>0 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 

ClarkYs Allgreen did not correlate very well with tenderometer reading.

The specific gravity principle has been employed by several inves­

tigators as an objective measure of maturity in peas and lima beans.

Lee (1*7) concludes that the determination of specific gravity as a
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measure of maturity is more reliable than the determination of alcohol 

insoluble solids, or total solids of frozen lima beans. Lee (1*8, 1*9) 

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 grad© should be under 1.081*, for the standard grade from 

1*085 to I.O9I4, and for the sub-standard grad© above 1.095* The speci­

fic gravity measurement© on raw peas were unsatisfactory.

Culpepper and Hagruder (22) made determinations on the specific 
gravity of the rm  seeds of 1* types of lima beans at several stages of 

development and at dry ripeness. They found that the specific gravity 

of the entire green seeds was very poorly correlated with their age.

This appeared to be due .to the presence of air spaces between the seed 

coats, largely between cotyledons. . After removal of seed coats,. speci­

fic 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 increasing age and was 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 dif­

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 between the fresh or dry weights of different parts are less 

affected by environmental 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 sane 

parts to be more reliable indices of stage of development and especial­

ly of usable .maturity, than the weights themselves or any other rela­

tionships that exist between them*
Bheart at, al* (26) separated beans by eye on the basis of ima- 

ture greens, mature greens and mature whites and determined the ascor­

bic acid, thiamine* riboflavin. and moisture contents* They found a 

significant decrease in each vitamin and moisture content with an in­

crease in maturity* fresseler et. si* (81, 82) found that the rate of 

loss of ascorbic acid in lima beans was greater for the small sizes, 

but the amount retained was about the same for all sizes, and that as­

corbic acid decreased with bean maturity.

Studies on the relationship between starch content and maturity of 

lima bems were made- by Nielsen and Gleason (61)* Starch content cor­

related very well with the brine flotation and organoleptic rating for 

maturity* Nielsen et al* (60) state that 80 to 8$ 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 accounted 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 lb day intervals• Three harvests on the 

Henderson Bash 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 

content•
Woedroof and Tankersley (87) consider the color of the lima bean 

to be one of the important quality factors, they consider that 3 
colors, namely, blue, green and yellow, exist in the seed, and that the 
bean seed loses these colors upon shelling in the order they are listed* 
After the beans were shelled, the blue color was lost in 2k hours| the 
green and yellow were lost after US hours* At the end of 2 days all 
beans were white regardless of maturity at harvest •

Kramer and Mahoney (U3) found that semi~qu&ntitatlve determinations 
of eatalase and peroxidase activity and pigment content were unsuitable 
as quality indices for frosen and canned lima beans* These workers 
found that iodine threshold value (iodo-colorimetrie test for ascorbic 
acid) and organoleptic tests on the frosen and canned material were 
very closely correlated when the interval between harvest and processing 
and varieties were the variable factors* Their work also shows that 
over blanching reduced the iodine threshold value more than it did the 
organoleptic value* Kramer (1*2) reported in another study that tin 
containers had no detrimental effect on quality* He also found that 
the optimum cooking period for frosen beans was 17 minutes after the 
beans and water corns back to a boil. In this study frosen-dry samples 
were no betterj neither were they inferior to the brine^frosen pack of 
beans•

Luts ($2) concludes that chemical and physical determinations can 
not always be relied upon to give accurate information on
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characteristics such as color, texture and flavor of certain vegetables 

after cooking when after harvest treatments were the variables. How­

ever, Schrader (72) reports that ascorbic acid of lima beans was very 

closely* correlated with organoleptic tests under several variations, 

experimentally produced*

Several investigators have shown the close .relation of tenderome— 

ter value® of the raw product to organoleptic values on the canned pro­

duct* Walls et al. (81*) 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 coefficient (0.90 1 
0.052*) 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 0 degrees F* 
and the effect of thawing and cooking frozen camples upon ascorbic acid 

values. The raw lima beans contained 27.9 milligram® per 100 grams 

fresh weight, unthawed frozen beans, 19*9 milligrams per 100 grams and 
cooked samples, 9*9 milligrams per 100 grains. Thompson and Mahoney 

(78) found that the ascorbic acid content of lima bean samples, which 

had been previously separated into sieve sizes and further separated by 

brine flotation, 60 degrees salometer, varied fro© 15 to 36.6 milligrams 
per 100 grass on a fresh Weight basis. As the sieve size decreased the 

moisture and ascorbic acid content increased. Ascorbic acid was marked­

ly reduced by blanching with hot water as compared to blanching with
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the ascorbic acid content.
Although lima beans are considered a poor source 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 carotene, with 53 to 79 percent in the form of 

beta carotene. Both total and beta carotene decreased during frosen 

storage, and small young beans contained more carotene than the large 

old heaps* Zimmnmn et, al. (f 8) found that the carotene content of 
frosen lima baaed of the • Henderson' Bash variety did not •Change? during 5 

months of frosen storage at 0 degrees F and at -1*0 degrees F. They 

found that 2/3 of the yellow pigment was beta "carotene and 1/3 was 
alpha carotene.

Davis and co-workers (2h) found that the protein content, 6.65 

per cent, of frosen lima beans was only slightly lower than protein con­
tent of r m  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) meas­
ured th© Vitamin C content of the marketable pod® of Henderson Bush and 

the Carolina Sieve pole varieties before and. after cooking, the raw 

beans contained 37 aT*b 1*0 milligr ams per 100 grass, respectively, and 
th© cooked beans contained 30 and 37 milligrams per 100 grams, respec­
tively. In another report this same investigator (56) states that the
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differences in ascorbic acid content between any 2 of the 7 bush varie­
ties tested were - of no more importance nutritionally than the differ­

ences in the Titamin C content of 1 variety at th© varying stages of 

maturity, this investigator also found the Peerless variety to be ex­

ceptionally high in carotene.
Caldwell, et al. (16) made comparative studies of varietal suita­

bility for freezing on several vegetable crops* Their test on lisa 

beans included 8 varieties, 6 bush types and 2 pole types. They found 

that the pole typea retained their color well until the beans reached 

full size, and rated excellent 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 th® test, these investigator® 

found that shelled beans of Henderson Bush required hand picking to ob­

tain a comparable type pack with Dreer's Bush or the pole varieties, 

namely, King of Garden and Giant Podded. In another report on their 

studies these investigators (1?) state that younger bean® 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-worker® (15) also tested the suitability of 19 varieties 

for dehydration* They rated only 1 bush type as superior, selection 103A, 
and several as fair, such as Henderson Bush, Cangxeen, Clark's Bush, 

Supergreen and Woodruff. Fordhook, Fordhook 2^2 and Early Market were 

placed in a second rating. Small sizes of these varieties were excel­
lent, whereas the large sizes were inferior*

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

should be carefully ©elected and trainee before evaluations are made*



Tqcid IvA tis (SO) states that the 8 r f r r e f r s b e  score for the yarir.i 

teristics should not be recommended* since failure to meet a 

in any one characteristic nay render a r redact unacceptable•
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Mk'TMUh km METHODS 

STORAGE STUDI ES

Th# 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 
2U2, 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 h complete randomised blocks on May 2$, 19U8 at the 
Plant Research Farm, College Park, Maryland, JBach plot consisted of 12 
rows 100 feet long, each row spaced 3 feet apart. The 12-row plots 
were divided into sub-plots of it rows each. This permitted the harvest 
of a sub-plot of each variety at 3 successive intervals.

The Concentrated Fordhook variety was harvested on September 11,
16 and 23, whereas the Peerless and Fordhook 21*2 varieties were har­
vested on September 13, 17 and 23, The plants of 3 of the it rows in 
each sub-plot were harvested by means of bean knives attached to a 
row-crop tractor and vised at the Plant Research Farm vinery, and the 
plants of the remaining row were harvested by means of stripping a U  
pods from the plants. The shelled beans and pod samples were trans­
ported on a truck to the Horticulture Department*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 and divid­

ed into 3 equal lots by weighing into open hampers on scales that
weighed to the 1/10 pound. This division of th© pods of 1 variety from

each harvest into 3 equal lots permitted pod-siorage at 3 temperatures,
namely, 35, 50 and TO degrees F. These temperatures were maintained

within a £ 0.5 degree P. range. At th© same time a sample of pods was

placed in storage, another sample of shelled beans of the same variety
was taken for th© physical and chemical measurements and for the pro­

cessing phases. The sampling of beans held in storage was carried out

as follows i h pounds of pods were taken 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 Roller in order that the physico-chemical measure­

ments and processing phases of the study could be carried out on the

shelled beans.

Processing of the samples from storage studies. This process con­

sisted of washing to remove pieces of hull and -other trash, blanching

for 2 minutes in boiling water, immediately cooling under a stream of

cold water, drying to remove excess water, placing the seed in 1/2 pint

cellophane bags and sealing the bags with an electric saaler, and plac­

ing th© sealed bags in a quick-freeser temperature at -20 degrees F.

for overnight, then removing to 0 degrees ?. storage.

Processing of samples at harvest. Shelled beans of each variety

on each harvest date were washed in a riffle washer in th© horticultu­

ral processing laboratories. The washed beans were then sised into 3
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sieve grades, namely, small, medium and l a r g e A  sample out of each

size grade was carried through the sam  procedure as described under

processing of the storage maples for the frozen pack# Another sample

out of each sis® grade was weighed into a No. 2 sis® tin can.# Three

cmi® properly labelled were filled out of each sample if th® quantity

of beans w m  sufficient. The cans were then filled with a 2 par 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 Zh.0 degrees P* for a period of 15 minutes. The cans were

then removed and cooled immediately. Tk@y were then placed under room

storage until they were graded organoleptically in February*

BIGPBXSICA1 AID GHMICAi MTESfllfATXQNg

The samples taken at harvest and at each storage sampling were di­

vided into 2 lot®* those employed in'the physical sse&sursments and

those employed in the- chemical analyses. Tenderometer, per cent white,

ascorbic -..acid, color, and moisture determinations were made immediately,

whereas another portion of the sample w m  stored in alcohol for the

chemical analyses which were carried out later. ■

Tenderometer measurements* The standard tenderometer which is

capable of measuring' shearing force up to 250 pounds per square inch

1
Size specification® presented in the Stations! Canners* Association

Manual for Canned Food labels, 19l±2*
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and & hydraulic tenderometer which was adapted to measure a shearing
force of $00 pounds per square inch were employed in these measurements*
A reading oa 2 representative lots of shelled beans from each sample was
made on the standard tenderometer, 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 each respective instrument. A miniature
tenderometer which measured th© force in pounds per square inch re­
quired to shear 1 Individual beam was employed on 38 samples* In order
to obtain aceurate sampling for this test, 20 shelled beans were taken
from each sample tested and a reading obtained 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 $$ different samples for the percent­
age of white counts* Each representative lot was composed of 100 Shelled
beams and the percentage of beans with no green color in the cotyledon
among this group was recorded* These counts were recorded as percentage
of whites for each respective sample*

Moisture and color determinations* The shelled beans of a sample
taken oa each harvest date and from each storage sampling were thorough­
ly 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
cc of tap water added* The bean and water mixture was blended for a
period of 3 sdnutee. An approximately 20-gram .ample of th* blended
mixture was weighed accurately to 1 milligram into a tared porcelain
moisture dish on a chainomatic analytical balance* These samples were
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placed in a vacuum oven laaintalned at a temperature of 70 degrees C.
and dried for a period of 21* hours* The dried samples were then re­
moved from the oven and placed in a desiccator to cool for 30 minutes*
the dried samples were weighed to 1 milligram on a chainomatic analytical
balance* Another 20 a .01-gram sample of the bean-water-blend was
weighed on th® analytical torsion balance and this was transferred into
a clean faring Blender with 70 cc of acetone* this mixture was blonded
for a period of 3 minutes* The blender cup was Immediately removed
from the base and the contents poured carefully into a hundred milli­
liter graduated cyclinder* The blended solution was made up to 100 ml*
volume by adding acetone• The contents of the graduated cylinder were
mixed and a portion of the blended mixture poured into a glass test
tube to fill 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 were made on the Beckman Spectrophotometer at
wave lengths of 66$ mu and mu*

Nutritive value determinations* The 2-6 dichloro-phenol-iadophenol
dye method (71) was used in determining the ascorbic acid content of
each sample * A 0*5 per cent solution of oxalic acid was used as th©
extracting agent in place of th® 3 per cent metaphospheric acid because
the former is more stable. The dye was standardized on each day that
samples were analysed* 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 on the same day as
harvested or when a sample 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 (oa a triple beam balance) 100 ♦ .1 grams of
fresh shelled beans of each sample * this weighed sample was trans­
ferred to a Mo. 1 tin can and a 2 per cent solution of potassium
hydroxide (in ethanol) 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 (£8) was followed in making the
beta-carotene determination on each sample• It was found that dupli­
cate determinations checked much more closely if 20-gram samples of the
beans were used instead of 10-gram samples. Th® transmission readings
of the petroleum ether extract from each sample were made on the Beck­
man Spectrophotometer at k$0 mu wave lengths. The transmission read­
ings for each sample were converted into gammas of beta-caroteae per
gram*

Alcohol insoluble solids* sugar and starch determinations * 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 a 100-gram sample of shelled beans on a
triple beam balance to within a ♦ *1 gram* The weighed sample was
placed in a Mo* 1 tin can and covered with 9$ per cent ethyl alcohol.
The cans were sealed and placed in storage until the analyses could be
made* The method used in determining the alcohol insoluble solids was
essentially the same as outlined in the Association of Official Agri­
cultural Chemists Journal (8). The 10-gram bean sample was refluxed in
150 ml* of 8£ per cent ethyl alcohol for a 2-hour period. The re- 
fluxed sample was filtered t rough a weighed Mo. 1 Whatman filter paper
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on a Buchner funnel which had teen placed on a Fisher filtrater . The

filtrate was caught in a Bo. 1 tin can and stored for .sugar analyses*
The filter paper and residue were' placed in weighed tin containers and

dried in an electric oven at 100 degrees 0. for a period of 30 Minutes.

The containers and dried residue were then cooled and weighed accurately
to within 1 milligram on a chainoaatic analytical balance. The weight

of each dried sample was obtained by subtracting th® weight of tin con­

tainer plus filter paper from th© dried weight of the residue* container
and paper. These weights were converted into percentage alcohol in­

soluble solids by shifting the decimal point in the dry weight of each
sample 1 place to tee right.

Th© reducing and total sugar determinations were made on th© fil­

trate obtained in the alcohol insoluble solids determinations. For

both determinations the Heinz© and Murneek (33) modification of the
Shaffer-Soaogyi 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 oxidised by iodine in a solution of known iodine

value3 and the iodine not used in the oxidizing process is titrated

against a .02 If sodium thio sulfate solution* The difference in the

amount of .02 I sodium thiosulphate required to titrate the unknown

samples and th® blank ©ample expressed in milliliters multiplied by

0»khhh gives the quantity of glucose present in the sample. Total su­

gars were determined by following essentially the same procedure as

outlined by Heinze and Mu meek after th© sucrose had been hydrolyzed.

The hydrolysis was accomplished by pipetting 50 ml. of tee lead free
sugar filtrate into a hundred milliliter volumetric flask. Then 20 ml.
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of distilled water and 5 ml. of coneentrated hydrochloric acid were
added* the volumetric flasks and contents were placed la a rack and
then lowered into a water bath held at 70 degrees C for 10 minutes,
the flasks were then removed and cooled with tap water to 20 to 2$

degrees 0* The sample was made to 100 ml. volume by adding distilled
water. A 10 ml. aliquot of each sample was pipetted into sugar test
tubes, this solution in the test tube was neutralised by adding 15 per
cent sodium hydroxide, from this point on the procedure was the same
as outlined by Heiase and Murneek for the determination of reducing
sugars.

the method employed la determining the starch content of each
sample was essentially the same method as that employed by Hielsea (59)
on peas and lima beans. One-tenth of the finely ground alcohol in­
soluble fraction of each sample was weighed out on the analytical bal­
ance f and solubilised with a 72 per cent perchloric acid solution which
had been previously diluted with water in these proportions, 2 parts
water, 2.7 parts 72 per cent perchloric acid. The solubilised mixture
was permitted to stand for 10 minutes with occasional stirring, and
made up to 50 ml. volume with distilled 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 th© sample was made slightly acid
by adding 2.5 ml. of 2 I acetic acid. The iodine starch color was de­
veloped by adding 0*5 ml. of 10 per cent potassium iodide solution and
5 ml. of .01 M potassium iodate solution and permitting the solution to
stand at least $ minutes. This bluish-green, starch-lodine solution was
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Spectrophotometer at a wave length of 6?Q ran* 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 fro® the potato starch curve

are relative but should afford opportunity for studies on the trend of

starch changes in the bean*
Organoleptic grading* Th© 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 a panel of 6
judges* Color was scored in this maimer on a numerical value rang® of

1 to 10i 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* Th®

flavor numerical ratings were' made in this manner* excellent 10, very

good 8, good 6, fair 1 and poor 2* Each sample was rated on over-all

grade, ranging from 1 through 1;*

BmMmtsamx* studies

This phase of the study was conducted in the late fall and winter

months of 19hS~h9 in the horticultural greenhouses at College Park,
Maryland, In this way environmental factors could be controlled and.
varied within certain limits.

Establishment of the plan ting* A well composted soil mixture con­
sisting of 3 parts sandy loam and 1 part well rotted manure was
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screened through 1/1* mesh hardware cloth* thoroughly mixed* weighed in
20 pound lots and placed into each of 81 coffee-um Jar®. On Hovember

13* 19l*% 9 seeds of the Peerless variety were planted in 11b 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 9 different light-night temperature treatments*

Plot design* This experiment was set up as a 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 light intensities i (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) fall sunlight plus

three 200 watt 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. A Weston illuminator meter

was used to check the relative light intensity of the 3 treatments* Un­

der each light intensity treatment 3 separate lots, 2? plants, 3 in each

of 9 jars, were held at 3 different night temperature ranges* namely* 1*0 
to 1*5 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 rooms maintained

from 1*0 to 1*5 degrees'F* and from 80' to 85 degrees F*, respectively*



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

r\*
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and returned to the light treatmeats the following morning5 and th©
plants subjected to the medium range were allowed to remain in the
greenhouse at 60 to 65 degrees F. 1 recording thermograph was placed
in each room and in the greenhouse as an aid in checking the desired
temperature range* In general, there were 3 light treatments within
each 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 plant® 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
the shelled beans from plants in each jar in each treatment were weighed
and the data recorded. It was necessary to pool the shelled beans from
th® plants in 3 jars of each treatment coiabination in order to afford a
sufficient sample for the various chemical determinations•

Chemical determinations. The alcohol insoluble solids, sugar,
moisture and starch determinations were made on a sample from each of
the 27 treatments. The shelled bean samples fro® 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 determinations • 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



F values and nethod of calculating L*S*D* were used to deterring the

significance of the differences between treatments. The naehine

nethod of calculating' correlation coefficients as described by

bnedecor (75) was employed*

o
CmLeast significant difference



RESULTS

STORAGE STUDIES

The storage stadias were set ap in each a manner so that the data

could be statistically analysed to measure the effect of storage tem­

perature and duration and time of harvest upon changes in the various

physico-chemical daterminations, 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 th© yield of 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 21*2 and

Peerless, the pod yields from different harvests differed by only in­

significant amounts. !Shen comparisons are made strictly on a varietal

basis, it is noted that the differences in yield between either

Concentrated Fordhook or Peerless as compared to the yield of Fordhook

2h2 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 th© 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
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Table 1. Effect of time of harvest upon the yield expressed in pounds
per acre of shelled beans and fresh pods of three varieties
of lima beans.

Concentrated Fordhook : peerless Fordhook 242
Times of
Harvest

Shelled
Beans

2 Fresh
Pods

Shelled
Beans

Fresh
Pods

Shelled
Beans

Fresh
Pods

First
Harvest 1340

j

4760 : 2003 6598 849 3479
Second
Harvest 2126 6489

>

1939 5796 1089 3422

Third
Harvest 2752 6969 2405 5730 1313 3517

Varietal
Mean 2072 6073 2116 6011 1083 3473

Times of First Harvest Second Harvest Third Harvest
Harvest •♦

j
Shelled
Beans

*
••

Fresh
Pods

Shelled
Beans

Fresh
Pods

Shelled 1 
Beans 1

Fresh
Pods

Mean
:
:
•

1397 4946 1718 5206 2157 5404

^ The acre yield factors for shelled bean and pod yields are 4®.40
and 145*20, respectively.

L.S.D. at 5-percent levels Varieties, shelled beans 293
Varieties, pods 1046
Harvests, shelled beans 227
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Table 3 • Effect of storage temperature and duration, and times of harvest on changes in the
tenderonieter readings, expressed as shearing force in pounds per square inch of
three varieties of lima beans*

Concentrated. Fordhook Peerless : Fordhook 242
Factors First aSecond s Third

Harvest 8HarvestiHarvest
First xSecond x Third 

Harvest sHarvestiHarvest
: First :Second s Third
tHarvest sHarvest*Harvest

Temperature
Mean

Temp© raturei
35°F 159-3 182. 3 229.5 174.7 200.0 2 2 6 . 3 i 149.1 188.8 207->3 190.3
50°F 161.0 186.9 244- 8 174.9 193.5 222.0 s 161.3 190.0 215.0 192.15
700F 169-5 192.0 22 8.3 . 182.2 201.8 223 .8 : 175.8 187-3 216.1 197.40

Durations: 
At harvest 154-0 190.0 236.0 171.7 189.0 216.0 t 152.3 190.0 205.0

Duration
Mean
189.33

1 day after 161.0 182.0 226.0 174.3 200.3 216.3 s 155.3 183.7 207.7 189.63
3 days after 172.2 188.8 215.3 186.0 193.3 235.0 s 162.3 182.7 225.7 195.70
6 days after 165- a 187.3 232.7 177.0 211.0 228.7 s 178.3 198.3 212.8 199.11

Varietal Mean " 192.6 199.89 187.84
Times of
Harvest First Harvest Second Harvest * Third Harvest
Mean 167.53 191.38 2

2 221.43

h.S.D. at 5-percent level, varieties .59
harvests •59
temperatures .59
harvests, duration interaction 1.17
varieties, duration interaction 1.17
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effects of storage* even though th© effect of each factor is signifi­

cant statistically. The influence of storage temperature upon changes

in the tender©®©ter values is less than that from period of storage.

The significant interactions between harvest and duration and between
varieties and duration indicate that the effect of duration upon

changes in the tenderometer values was not th® same on the beans stored

from each harvest period, nor the same for each variety in storage.
The effect of time of harvest, storage temperature and duration on

th© moisture content of shelled beans are presented in Table 1. As

with tenderometer readings, a delay in harvest had more influence on

moisture content than either storage temperature or duration. In fact,

no significant differences 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 21*2.

Data presented in Table 6 show th© 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 aid moisture content, the effect of times of harvest upon changes

in the alcohol insoluble solids was greater than the effect of either

storage temperature or duration. For example, the alcohol insoluble

solids changed from 21.5k to 28.1*5 per cent from the first to the third

harvest, from 2ii.2J to 25.22 per cent with storage temperature of 70

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

A



T a b l e  4- M U e c t  of s t o r a g e  t.empezr<&t. ur*e a n d  d u r a t i o n  ? and t, irn.es o f  h a r v e s t  upon, c h a n g e s  in pej>*
centa?;e m o i s t u r e  ±.n Inr'e© v xrietiea of lira a. "beans •

C one ent r a t e d  Fox’dixo ok ■ - P e e x T e s s • — F 0 x ‘d, h 0 0 ic 2/ 4
F'riC t- Ox'S F i r s t  t S e c o n d s  TniirdL

H a  invest z H a r v e s t  : H a rvc a t.
F i r s t

Ha rv e a t.
: S e c o n d  : Thi 1 r d
:Harvcst Ji iaxna^t

F:L;c* si 1 
Ha x’v aa i r

S e e o n d  s T hir*ci
flarnre a fc z Ha rvest

T ©a v pa r a t u r e
M e a n

Texi4>sratux*e :
3 5 °  F 73 - 4 6 70*32 6 6 . 1 1 7 2 .es 67 - 61 64 - 6 6 77.56- 7 0 . 9 4 0 8 , 2 1 70 . 2 5
pO°F 74 - 3 8 7 1 . 3 2 6 7 . 3 3 7 2 - 7 B 6 7 . 2 5 63-52 70 . 20 7 1 - 3 1 69-02 70.5 5
7 0 ° F 7 4 . 6 9 0•0 6 5 - 67 7 1 - 5 9 6u. 44 63 - 06 7 6 . 5 7 7 2 . 0 6 c.8.82 70 . 06

Duratioiis £
4 1 x iarvost 7 5 . 6 ? 72-23 67-13 7 6 . 0 4 66.6 G 6 5 - 2 1 BO. 42 7 1 . 7 3 69.80

D u r a t i o n
F e a n
71 - 66

1 d a y  a f t e r 7 3-26 70.43 6 7.0 0 7 2 - 1 0 0 7 -06 62. 53 77.2 0 7 0 . 2 1 69.11 69 - 89
3 d a y s  a f t e r 7 3 - 1 7 70 * si oo- 03 70.46 6 ?. 4 8 6 4 . 6 0 7 6 - 6 0 72 - 6 S 6 7 . 7 4 69 - 71
6 deiyo a f t e r 74 - 6 1 70 . 3 1 o 5 . 5 7 7 0 . 9 5 6 ? -IS 6 3 . 6 5 74 . 9 2 7 1 . 2 6 6 8 . 0 9 6 9 - 6 1

V a r i e t a l  M e a n 70-52 6 7 . 6 4 7 2 . 3 0 __
T i m e s  c>£
H a r v e s t F i r s t  Ha. rve st Sec on cl } I a rve a 1 Tb3 K i r v  ost
M e a n 74-46 69- 02 66 .3 8

H-.S.D. al 5—  p e r c e n t  l e v e l : b e t w e e n  v a r i e t i e s 2 • 56
b e t w e e n  Jaa.x’-vesst>s 2 - 5 6
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T-ahl® 6. Effect oT storage t«c;peratur« ar.c dupation, and. times of riarvest upon the chanr:es inalcohol Insoluble solids ^ r e a n U r c  in raw shelled beans of three varieties or lima.
beans•

Concentrated FordLhook s peerless s Fordhook 262 t
Factors First sDecend s'Third 3 First ; Second s Third * First zSecond s Third t T  m  “spe ra t ore

Marve at s lia> rve s t 2Harve©1 2 HarvestsHarvost 3 Ha rve-si s Harvest 3 Ha rve© t s liarve at s Mean
Tempo ratuie *

3 *
:

33°F 1 9 .2 a 22.69 2 7 . ax S 23.61 2 5.39 30.08 ; 19.66 23.07 26.78 2 24-23
5 0**P 31.33 23-73 27.96

•
: 23.39 26.62 30.01

£
2 0 . 3 0 22.83 2?.26 j 26.71

70°F 20.02 22.82 28*96
i
: 26.72 26.67 29.50 22.56 24.14 27.76 3 25.22

Durations « ; *
S s Duration

I s 1 Means
At harvest 18.18 21.29 29 . 8? I 21.78 23-76 27.94 5 1 9 . 2 1 21.61 26.45 3 23.34
X day after 20.37 23.19 2 6 . 9 0 3 24.89 27.60 30.82

1
21.39 2 5 . 2 0 27.12 2 25.2?

3 days after 21.24 23 - SO 27.23
£
3 26.74 26.60 30.12 I

S 21.32 23-71 28.00 ? 24.97
6 days after 19.70 26.06 28.97 3

S 26 . £§6 28.61 30.54
i

1
21.16 22.86 27.45 s 25.29

Varietal Mean ..23 *73_„..
S
3 26.64

:
t 23 -79

Times of
3
3

z
t

Harvest First Harvest 1 Second Harvest 1 Third Harvest
Mean _sf. 3 21.56

I
3
%

26.1?
s
3
S 28.65

L..D.JD. at, 5-percent levels temperatusres 0*64durafcl on* O . 76varieties ■ 0*46Harvests O * 66harvest* variety interaction 1.15Harvest, duration interaction 1.32variety, duration interaction 1*32
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storage. The differences in the A. I. S.fraction 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

tin® of harvest upon alcohol insoluble solids is not always the same

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

from the first harvest as compared with and 20.09 par 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 increase in starch content when beans are held

at 70 degree® 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 2li2 or

Concentrated Fordhook varieties, and the latter variety is considerably

Alcohol insoluble solids
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Table 7- Effect of storage tej^perature amd duration, .arid times of horvest on changes in the
percentage starch in. i*nw shelled V?eans of three varieties of lima, beans

F’-i ctors
Concexitrated rordhook
First lecond : Third
Harvest : Harvest {Harvest

Peerless
F i r s t  :Secon.d : T h i r d

Harvest:Harvest:Harvest
Teiaperature : 

3 5°F 13 . 97 17-92 il. 37 10.95 15-10 18.12 11. 07 15-60 18. OO 16.16
50°F Id. 30 19-45 23 -57 11-77 14-85 18.07 13 .62 16- 80 18.95 16.82
70°F 17 - 02 19-52 24- 87 11.77 16-57 19-67 16-52 16.22 18. 80 17.32

3
Durations:
At harvest 13 -20 16.60 20. BO 11. 50 15-10 20 . OO 16.50 16.90 19-00

Duration
Mean
16.62

1 d. ay after 17-00 19.57 22.63 11.63 14- 50 17-17 12.73 16. 57 18.20 16.66
3 d a ys ci Tter IB. 03 19-60 23-03 11. 80 15.03 17-73 lO . S3 15-13 18.30 16.61
6 days after 17.30 20.10 25-97 11.27 14-70 19-67 13-30 13-57 18. 83 17-19

Varietal Mean 19-50 16-98 15-82
Times of
Harvest F i r s t Ihr rve s t Sec on d H s. rve s t Thi rd Harve s t
hean 13 .76 16 . 65 20.09

Fordhook: 242
F i r s t  {Second, i Third {Terperature

H a r v e s t i H a r v e s t :Harvest s M e a n

L.S.D. at 5-percent level: be t we en t empe rature s • 87
between varieties . 87
between harvests • 87
be tween varie t ie s , ciurations in terac t ion 1. 74
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higher la starch than Fordhook 22*2. The significant interaction between
varieties and durations as shown in the Appendix Table 8 means that
duration of storage did not consistently affect changes in the starch
value of each variety# Mote that in Table 7 with Concentrated Fordhook
there was a continual increase la the starch content due to duration in
storage, whereas with Peerless and Fordhook 21*2 there was no increase in
starch content. The data presented in Table 9 show the percentages pre­
sented in Table 7 transformed to angles# The alcohol insoluble solids
and starch content of the raw lima beans were affected by the same
factors with the exception of storage duration. This similarity in be­
havior is to be expected si ace the alcohol Insoluble solids consist
mainly of starch# Polysaccharides other than starch included in the
alcohol insoluble solids fraction are cellulose and hesdcellulose• The
differences between starch and alcohol insoluble solid fractions is
shelled beans of the Peerless and Fordhook 22*2 varieties were such
greater than those for the Ooncentrated 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 ^iow that each of these three factors
significantly influenced ascorbic acid content# The £0 degrees F storage
temperature was equally as effective as 35 degrees 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# At some time



To. H e  9♦ 41fee t of , ■ ' .orage tô .pc ̂'-ture and fiura tiun^ •■•>.nd o f  harvest upon. changes In tine
starcl; con f o n t  o f  tlnjroo varieties o f  H u m  beano (percent a t a r e i i  d a ta  transforriied to
on£:1 os )

Fate tons C on cent ra ted. Fox -d 1. o oic :__________Feerles a ________ :_______Fordhook 262_________
First :Seconcl : Th.ir*cl : First ; Second s Th±:rd : First : Second. : Th ±r*c!

Hear*vest x Iiarvest s Harvest sHarvest {Harvest sHarvest {Harvest 2 Harvest r Harvest
Tempe rat urt

Mean
T exupe x -a tua*© *

3 5°F 23.5S 25-04 2 7-ae : 19-32 22. ay 25.14 20 . 06 23 -17 25.09 23-57
3G°F 23 . 77 2d .15 29.Ol : 20 . 06 22 .67 26.15 : 21.63 22.61 2 5 - 81 26.09

92 0 0 • u 
1

24.31 26.18 29-23 : 20.0? 2 2.44 26.25 ; 22 .3 2 23 . 76 2 5 . 69 26.67
Durat :Lone i
A t A. .ax rve s t 21.30 24.04

:
:

27.13 r 19. 82 22. ©7 26 • 56 3 23.97 26-27 2 5 . 84
Duration
lie an
23-98

1 d sa y  a fter 24.34 20 .24 28.40 ; 19.76 22 .3 8 24-61 : 20. b6 23 .95 25.25 23.96
3 clays ax’tear 25 .11 2o .25 2 8.07 * 20.07 22 . SI 24-90 t 19.21 22 . S6 25.31 23.91
6 'l:\ys after* 24.72 2o . 62 30.62 : 

;
19.61 22.57 2 0 . j_ a t

X
21.30 .<11 * oli 25.72 26.33

Vaidetal Mean 26 .12
;
x 22.66 X 23 .35 .

T o f
Ha. x vo a t

:
2

First harvest x Secone Harvest
s
t T!x i r* d. K a r* ve s t

A o n 21.67
X
t
i

23 . 87
X

2o . 58

3 . D . at the 5—>pe x’C snt level5 harvests
t e ■■ up e ara t ure s

0 - 6 7
0 . 6 7

va. rietiea 0.6?
V x D, interaction 1.34
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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 significantly from that in the fresh beans* 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 between these two harvests approaches signifi­
cance • However, a further delay in the harvest brought about a signi­
ficant decrease in this vitamin, from 32.69 milligrams to 19*79 milligrams
per 100 grams on the fresh weight basis. Tne variance for varieties was
not significant as shown by the analysis of variance data on ascorbic
add presented in Appendix Table 13 • The data show that the effect of
temperature upon ascorbic acid content was not the same at different
storage durations as is indicated by the significant interaction be­
tween these two factors• Very little effect occurred when the duration
period was short, but very great effects took place when the duration
was long.

Bata on beta carotene are presented in Table 12. Unlike the data
in Table 11 on ascorbic acid, the beta carotene content of beans in the
pod was not affected significantly by the storage temperature but de­
creased in beans rapidly between the first and third day after storage
similar to the manner that ascorbic acid decreased. In general, the
delay of harvest resulted in a loss in beta carotene content of shelled
beans} especially is this true when the 1.1*0 ndcrograms per gram con­
tent found in beans from the third harvest is compared to the 1.97
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Table 12. Effect or bes&per&ture and duration and times or Imrvest upon changes in the
hot.a carotene or three varieties or lima. beant. (Bet*, carotene eacpresaed in micro— 
snuee per gnus on freah %#eigkt teas is* >

* Concentrated Fordhook s Peerless
Factors s First xSecond t Third

Fordhook 242
First * Second * Third t First x Second » Third * Temperature

rtaan
t s 5 s

Temperaturt* s s t s35°F : 2*04 1.82 1.27 t 2 . 2 2 2.13 1.61 2
*

1.83 1 . 9 2 1.40 X 1.80
30°F s 2.05 1.47 1 . 2 7

«
1.9© 2.07 1.54 t 1.94 1 . 9 0 1.60

s
I 1.76

70° P s X.73 1.75 1.13
:
i 1 - 9 5 1.72 1. 46

t
X 2-04 1 . 7 0 1.29

s
s 1.64

* t * X
Durations t t i : X Duration

t s % t Kean
A t  h a r v e s t  t 1.7a 1.13 1.25 : 2.63 1 . 8 8 2 . 1 3 s 2.25 2.05 1.65 t 1 . 8 6

3 : s X
1  day after ; 1*94 CO0*N 1.37 3 2 . 2 ? 2.29 1.67 s 2.53 1.47 1 . 7 0 s 1.92

t
3  days after: 1.9© 2 . 1 0 1.28

f
S 1.63 1.97 1.28

t
X 1.68 1.92 1.40

s
s 1.69

s
6  days after: 2.06 1.41 1.01

S
3 1 . 6 6 1.75 1.07

X
s 1 . 2 7 1.93 0.97

s
s 1.4 6♦e 3 s s

s s t s
Varietal Means 1 . 6 2 t 1.85 s _ - .. 1. 73 ........ t

1 s : i
Times of 3 X s s
U n r e s t s First Harvest 8 Second Harvest t Third Harvest 3

s t s t
Mean 3 1.97 2 1.63 s 1.40 S

......„au... s ♦e. 3 t

l.S.D* at the 3—percent level, durations 0 . 2 2
varieties O.X9
harvests 0.19
varieties, durations interaction D.3S
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micrograms per gram of beans from the first harvest* The difxerenc©

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 Fordhook variety is significantly lower than that of the

Peerless variety bat does not differ significantly from that of the

Fordhook 2h2 variety* Neither is the difference in the beta carotene

content between Peerless and Fordhook 2li2 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 total sugar content of the raw beans are presented in

Table liu The significant factors that influenced changes in the total

sugar content of the raw bean were temperature, duration and varieties*

There are 2 significant interactions, namely, between harvest and dura­

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 5>0 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

prolonged; however, the greatest decrease occurred during the first day

in storage* The total sugar content decreased from 1*87 to l.lj.2 per
cent* Holding the samples in storage after this 1 day period resulted

in a slower rate of loss as the period of storage increased. The total
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TabXe 14. Effect of storage temporature an« duration, and time® of harvest upon cb&nges to fine 
pereeatftge of batmX sugars to i“resh sHelled beans of three Xtoa bean varieties.

Coneentrat &d Fordhook 2 Peerless • Fordhook 242 tFactors First sSecond t Third S First 2Second s Third 5 First iSeeocifct s Third, iftsfciiemture
*Harvest {Harvest *Harvest sEarvestsHsrvesti Harvest :Harvest iHarvestsHarvest Mea n

T«w p© rat ure f
2 s

i
t
s

35°F X.53 1.6Q X . 5 ® S x.aa X.97 1.86 s X.37 X.33 X.53 2 1*63
5Q°F X.4X x.ja X.55

&
: x.ax X.8G 1.8a

12 X.X4 X.XX X.53
1
2 X.5X

70°F 1.07 1.02 X.2S s x .39 x.ax X.2?
£
« X.G2 0.72 0.92

s
s l.XO

Durations *
2S S

s
2 Duration: I £ Moan

At liarvest X.99 X.96 X.93 « 2.X5 2.XX X.69 2 2.02 X.27 1.73 £ X.87
X day after 1.42 X .36 X.33 2 x.?x X .62 1.09

£: 1.25 x.ox x.ax I
3 1.42

3 days after 1.02 0.95 X.36
2
X x.?s X.5X X.>8

£
2 0.66 0 .9a x.ax

£
S X .23

6 clays after 0.91 X .05 1.26
1
s
2 x.x? X». 2̂1 1.50

£
:
2

0.76 0.96 1.X6
£
S
i

X.X3

Varietal Kean 1.3®
2
mm X.6C

S
1.X9

£

Tirii© s of
t
t

:
s SS

Harvest First Harvest t Second Harvest s Third Harvest s
Mean 1.40

t
$ X.35

2: X.49
ias 2 s

X.S.D. at the 5-percent level, temperatures .12
durations .14
varieties •12
H x. D .25
B  x  7 *25
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sugar content of the Peerless variety was significantly higher than that

of either Concentrated fordhook or fordhook 21*2. The total sugar con­

tent of Concentrated fordhook, 1.38 per cent, is significantly higher
than that of the Fordhook 21*2, 1.19 per cent. The effect of delaying

harvest upon changes in the total sugars in raw shelled beans is not

significant as shown in Table U*. The lima beans from the first harvest
lost sugar isueh faster than those from the second or third harvest. The

effects of storage duration upon sugar losses were much greater under

high storage temperatures than under the low storage temperatures.
Bata on the effects of the storage treatments and tines 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 tables that the same factor®, namely, time of harvest, storage

temperature and duration, had a significant influence upon changes in
the 2 respective pigments in the raw beans. There was no significant
varietal difference when either pigment is considered. It is apparent

that storage at 35 degrees F is much superior to the $0 degrees F.

storage in the retention of either pigment. The 70 degrees F. storage

resulted in even greater losses of the pigments than the >0 degrees F.

storage but the difference between these 2 storage temperatures 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. Each delay in harvest resulted in a

tremendous loss of the green and yellow pigments and the proportional
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Table 16. Effect of storage temperature and- duration and times of harvest upon changes in the 
green pigment, expressed as chlorophyll in parts per million of three varieties of 
lima beans

f Concentrated Fordhook Peerless F 0  rdh 0 ok 242 *
Factors : First ; Second s Third 

s Ha r v© et:H« rve sit Ha rve a t
First

Harvest
«Second t 
iHarvests

Third
Harvest

First sSecond s Third *Temperature 
Harvest*Harvest 1 Harvest t Mean

Tempe rat ure » 
35°F

2
S
• 59.62 49*62 50.25 59.75 55.00 46.37 66.87 5 8 . 1 2 49.75 55.06

50 °F * 51.50 47.25 5 0 . 6 2 6 O .75 51.92 6 0 . 6 2 58.50 55.75 68.07 51.67
70°F 2 55*25 48.00 64.62 54.50 46.37 34.62 C' u • 0 51.37 39.37 «4-0 .63

Durations s
At harvest

2
2

* 6 0 . 0 0 4 8 . 0 0 7 0 . 0 0 62.00 49.00 41.50 64.00 5 6 . 0 0 46 . OO
Duration
Itean
55.17

1  day after : 50.33 53 . 0 0 44.83 6 8 . 0 0 6 0 . 6 6 38.00 67.33 62 • 6 6 51.33 55-23
3  days after 2 6 2 . 1 7 45.17 43.17 60.33 52.40 42.33 73.33 51.67 44.80 52.81
6  days after 2 49.33

2
47.00 36. OO 43.00 42.33 40.33 47.17 5 0 . 0 0 40.83 44 * OO

Varietal Mean
2
2 50.75 ..49.99.. 54*56

Times of 
Harvest

2
2
2 First Harvest Second Harvest Third. Harvest

Mean 
.....■■■■<... —. ....-

3
2
3

58.92 51.49 44.93

l.S.D* at the 5— percent level, harvests 4*23
durations 4 * 9 4hempe ra tures 4*28
harvests x  durations' 8 * 5 5



TabiU 1 7 * Effect of storage temperature and duration, and -times of harvest upon changes in the 
yellow pigments, expressed as B—carotene in micrograius per gran, of three varieties of
lima beans.

Factors
> Concentrated. Fordhook :________
t First jSocoiiCi s Third t First

Peerless Fordhook 242
Second t Third i First sSecond, t Third 

$ Harvest» HarvestiHarvest s Harvest 8 HarvestsHarvest *HarvesttHarvest sHarvest
Tempe rat ur©

Mean
s t 3 x

Temperatures * s s t 3
35 F : 10.82 8.72 9.52 t 1 0 . 1 0 lO . 7 2 8.92 X 1 1 . 2 0 10.05 9 . 2 2 « 9.92
5QqF s 1 0 . 2 0 8  • 4 0 9.17

3
S 1 0 . 3 0 9. 50 7.67

s
m 9.95 9 . 6 0 8.27 ♦ 9.23

70°F s 1C. 17 8.57 8.60 3« 9.15 6.30 6 . 6 2
*

lO . 5 0 8.45 7.50
s* 8.65•

Durations x a
s
3

$
:

£
Duration

i 3 s : Mean
At harvest a 1 1 . 5 0 8 . 3 0 1 2 . 3 0 I 9.50 8.30 7.40 £ 1 0 . 0 8.80 8 . 5 0 £ 9.40

3 3 S :
1 day after s 1 0 . 5 0 9 * 2 0 8 . 5 0 * 1 2 . 1 3 H K> ♦ 0 7.40 : 1 2 . 2 0 1 0 . 8 7 8.97 2 10.24

S
3 da.ya <&x"t.eri 11.03 7*97 a. 5 0

3
3 10.67 9.33 7-80

£
4 1 2 . 0 0 8.37 7.83

3*# 9 . 2 1
2

6  days after! S. 57 S.80 7 . 1 0
3

7.70 8 . 0 0 8.37
*
« 8 . 0 0 9.43 8.03

S
3 e.22

..... ...... — --- 3 3 *
Varietal Mean im

i
Times of s
Harvest t

i
Mean t

t

9*36

¥Irs t Harvas t
10,

9>_Q3..

Second Harvest
9.15

9.4-2

Third Harvest
S.39

L.3.D. at th® 5—percent level, harvest
temperatures
durations
H 3c D, interaction
V x D ,  interaction

0.59
0.590.68
1.17
1.17
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losses with each successive delay in harvests were approximately the 

same for each pigment# The analysis of variance of the data on pig­

ment content Is presented in Appendix Table lO. Significant interac­

tions were obtained between.'time of harvest and duration for the green 
pigment and between time of harvest .and duration and between varieties 
and duration for the yellow pigment# These interactions indicate that 

the effect of darattoh upon change# in both pigments was >hot the same 
for different harvest periods and for different varieties in the yellow, 

pigment*

The data, presented in fables 19, 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 decreased tenderness# On the other hand, both storage tem­

perature snd duration sigiifieantly decreased tenderness and flavor#
The numerical value of tenderness and flavor both decreased as the stor­
age temperature increased# For example, the highest storage tempera­

ture resulted in a veiy marked change in tenderness and flavor as shown 

by the change in numerical values from 6*60 to 5*11 said from 6.14 to 

5>*20, respectively# Even a change of only \$ degrees F. in the storage 
temperature, from 35 degrees F* to 5>0 degrees P., resulted in a signi­

ficant change in the tenderness 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*73 to 5*h9, and even a 
m m  significant effect upon flavor since the value of this factor



53

Table 19 Effect ox storage temperature
rat inr; oX tende m e  a £1 ,OX' thre

a.nci cmra,tionand times of harvest upon the organoleptic
varieties of lime, bee tis •

1 ■ ----- . -----— i G one en t rat eel Fordhook; Peerless Fordhook 212 t
Factors ; First :Second : Third

sHa rve sts Ha rve sts Ha rve a t
First joecond : Third.

Harvests Harvest s Harvest
First

Harvest
:r.econd
sHarvest

s Third 5Temperature
s Harvest: Mean

Teraperature s 
35°F 7.11 6,71 5.S7 7.04 6.54 6 . 06 7.21 6.67 6.17 6. 60

50°F 6.56 6.25 5.69 6.75 5-10 6.06 6.67 6.05 5.54 6.03

70°F 6•66 5•92 4.71 6.75 4.16 5. 54 6 . 56 5-62 6.00 5.77
1 >.x ra c _l o n s s 
a t nai ■ v est 6.6? 6.67 6.33 7.50 6. 83 6. S 3 7-17 7-00 6.00

Durat ion
Mean.
6.73

1 day after 6.93 7.22 5.22 7.22 5.44 5 . 39 7.11 6.23 6. 50 6.42

3 clays alter 7-00 5.67 5 .06 6 . 44 4.67 5.69 6 .67' 5.94 6.00 5.90

6 clays alter 6.55 5 * bl 5.03 6. 22 4.12 5.13 6 . 3 1 5.28 5.11 5.49

Varietal Mean 6.17 6 • OO 6.23

T ixxe s of
Ha rvest First 11.:'ve a t See ond Hex rvest Third Harvest

t ie an 6.32 5.39 5 - y4

JL.S.D. at the 3—1xe x’C erv t ±  e vel harvests .36
durat Ion s . Iv2.
temp>era tures .36
h arve sts, va r ie t ie s in. te rac t Ion ,62

Scone 1 lor- hardest, starchiest samples. . .bo &  Ton best quality- bender- succulent samples, 9 Tor
saiuples too young, and watery but still good, 10  lor samples that are poor boo.arise they are boo
water/.
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Table 22. Effect; of storage temperature and duration, and -times of harvest upon the organoleptic
color* grade^- of three varieties of lima beans.

Concentrated Fordhook Peerless Fordhook 242
Factors First sSecond : Third

Harvest sHarvesttHarvest
First sSecond s Third

Harvest *HarvestiHarvest
First sSecond s Third

Harvest:Harvest sHarvest
Tempe rature

Mean
Tempo ratu re t

35°F 7.17 5.37 3 .88 5-83 5.34 3.15 6.50 6.07 4.25 5.28
50°F 5.75 5.13 3.75 5.63 4.71 3.42 5.04 5.50 3.83 4.75
7D°F 5.75 4.36 3-17 5.58 4-19 2.69 5.22 4.42 3.34 4.30

Durations %
At harvest 7.33 5.83 4-33 7.33 6.00 3-50 6.83 6.6? 4.67

Duration
Mean
5.83

1 day after 6.67 6.50 3-83 6.50 5.19 3.6? 6 . 06 5.75 4.39 5.40
3 days after 6.11 3.89 3.44 4.69 4.28 2 . 6 4 5.22 4.94 3.67 4.34
6 days after 4.76 3.61 2.78 4.00 3-50 2.53 4.25 3.94 2.50 3.54

Varietal Mean 4.93 4.50 ..4-91.
Times of
Harvest First Harvest Second Harvest Third Harvest
Meap. 5.83 5.01 3.50

L.S.D. at the 5-pereent level, temperatures . 3 6
durations .42
varieties . 3 6
harvests . 3 6

Score of one for poorest, pale or yellowish samples....to lO for best deepest brightest green
samples »
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Table 23 . Xi'ect of storage lertpexa., taxne -arid clur*e.t.±orx , axici tiiiiss of i’arvest upon. organoleptic 
ovt-r'-iill pr'e.o.ê- of' tfLi-eo v;:- rieties of Ii£,a ceaiiS .

, G Oi; C 0.0 t F erufee K. -- .. .....- Xeerxcss Foracook 2.H —-
Factors FIrs5 : . 

rl arve a; b a
c ’ : Tf ird 
-x vt. is Hax ■ ve 3 L

First 
Ha i-vce;

:tsc C3n cl s TF ir*d. 
t, s Ha r-vcri st: Ha nve 3t

First : Second. : THind. 
Ha rvest2Harvest 2Harvest

T enipe r*a t xrr*e
IfecLn

T^.pei^ture : 
3 6°F 2-00 2 * 70 2.32 2.93 2 0 ;> 1.95 2 . 70 2.75 2 .50 2.66

V» 0 0 2 - AO 2.XO 2.10 2 . 60 2. oe 2.05 2.3S 2.233 2 .15 2 .28
70° F 2.3 3 2 .10 i.eo 2.50 1. ee 1. SO : 2 . et 8 2 . 20 2 -20 2.12

Dnr*a/b i ons :
A t, not rve s 1 2 * 60 2.so 2.60 3 - 40 3 . 00 2 . 40 3 . OO 3 .20 2 . 60

D u r a t i o n
Me an 
2 .84

1 day offer' 2*60 3.13 2.30 2.93 2.30 2-07 2 . 63 2 .63 2.47 2.56
3 days a f t e r 2.6? 1.B7 2.07 2 .33 1 • 60 1.60 2 . 23 2 . 13 2.13 2.07
6 days a f t e r 2.20 ZL.SO 1.33 2-07 1.47 1.67 1.93 1 . O'1H 1.80

V a. x* is f at i ft e a. n 2 .33 __ .. 2.24 2-3 9 .....

Ti„ es of 
Ha x-va s f Fix's t i la rvo 31 See orx d. fix r* ve s t T n i. rd Ha rve s t
tie a.rx 2. 35 2-31 2 - lO

jL .Li. • D • a/t, t h e 5—-1;e r*c e.n. t- le ve 1, lie*. rve sts O • 17
dur a, t> ;1 or is 0*20
to..pumtJui'e3 0.17
variet.Ies s harvests interactiL'n 0*0-0 

^ Score o f  one tb  r * o fo-ar*, fx*Oio poorest “to excellent in o v e r - a l l  appearance anci ftx'fidL©.
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changed from 6.78 to 1**56* Each 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 pods only 1 day after harvest differed from those

taken at harvest, but this difference is not of sufficient magnitude to

be significant. The organoleptic value of tenderness on beans from the

second harvest of 5*89 is significantly lower than the corresponding

value of beans taken fro® 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 value of each respective factor in

the same way for each variety.

The data on time of harvest, duration of storage, and storage tem­

peratures as they affected color values, determined organoleptically,

of the 3 varieties are presented in Table 22. The effects of time of

harvest and duration in storage are extremely striking. laeh 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 tines 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 Appendix Table 2iu

The data presented in Table 23 sheer that each of the 3 individual 

factors, namely, harvest, duration and temperature, had a significant 

effect upon the over-all grade given each sample. The data obtained 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 1.60. 

Bach successive 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 grade appears to be comparable. A change in 

storage temperature from 35 degrees F, to either 50 degrees or TO de­

grees F. lowered the over-all grade from 2.56 to 2.23 and to 2.12, re­

spectively. Each successive delay in harvest resulted in a decrease in 

the over-all grabs. The significant interaction between varieties and 

harvest indicates that the effect of belaying the harvest upon over-all 

grade was not the same for each variety.

Correlation studies on storage data. The data obtained on the 

storage studies was of such magnitude that it permitted the correlation 

studies 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 16 factors listed.
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It was not deemed necessary to sake 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 relationship between tenderomeher readings and organoleptic tender­

ness* inclusive of the data on 3 varieties* is expressed in the corre­
lation coefficient (r) as -.66* Even though the correlation coefficient

is highly significant* it is not possible to eu^loy the regression co­

efficient in estimating organoleptic grade of tenderness from the ten- 

derometer readings.

It will be noted under vertical column 11 in fable 25 that the fol­

lowing factors are correlated with organoleptic tenderness! moisture
.61* tenderometer as mentioned above* individual bean tester -.63* as­
corbic acid .61;5 organoleptic color .81* organoleptic flavor .51* and
organoleptic over-all grade .61. These factors were found to be cor­

related with organoleptic color under column 121 per cent whites -.83*

green pigments *63* organoleptic over-all grade .67* yellow pigments
.118* beta carotene .67. Only a few factors shewed any degree of corre­

lation with flavor. These are as follows! ascorbic acid .1;8* total

sugars .37* starch - total sugar ratio -.35, organoleptic tenderness .51*

organoleptic color *h9> and over-all grade .83. The organoleptic over­
all grade is correlated with these factors! moisture .38* tenderometer
“•35* per cent whites -.67, ascorbic acid .59* alcohol insoluble solids
-.56.
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Xstbi© 2 5>. Correlation coefficients, showing relationship between several objective a,n.cl subjoet.iv© 
msti3'u.r*eirlejri‘b3 o n  three varieties ol 1 'm-s.i beans •
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1 3 : F l a v o r 2 7 ^ X 5  2~ * X X 5 2 7 . X 8  27*. 4 «  s —  .O o  ; ~A* 3  7  • ^  B - . 5  5 5 X 7*• 4 9  s —  27*. 8 3  s t

s Q:rrta.noX @ toX  i c 3 4-2 + f ♦  2 2 + 1 -9" 2 s 5 -*> -9-2 ♦  8 £ X
X X 2 A  v o  r*a./-t 0  G r a  ci 0 -.■/■.3 B '-— 3  5 A m  0 6 --•67: 5 6  2 : 27*. 6 1 7*. 6 7  27*.83 2 —  s *

3 2 2 2 2 2 : s 3 4  2 : 2 #
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Two correlation coefficients, namely, that between tenderometer

and alcohol insoluble solids content of the raw product, *02, and be­

tween tende roaster and starch, .8$, 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 tenderometer readings.
The data on correlation analysis, presented in Table 26, show that

the relation of flavor to sugar content, and flavor to ascorbic acid

content varied with the variety* For .example, as between flavor and

sugar content Concentrated Fordhook and Fordhook 2h2 showed a close re­

lationship between these factors while Fearless shewed no relation* On

the other hind, as between -flavor'and ascorbic acid content, Peerless

and Fordhook 2li2 showed a high relationship while Concentrated Fordhook

showed a low relationship*

The correlation coefficients in Table 27 also show that the rela­

tionship of tende roue ter readings to organoleptic tenderness is laich

closer in Peerless (-#77) and in Fordhook 2U2 (-*7ii) than in Concen­

trated Fordhook (-*51+), and that no relationship exists between green

pigment and organoleptic color in the Concentrated Fordhook* However,

the correlation coefficient© show a highly significant relationship be­

tween these 2 factors in Peerless and Fordhook 21*2• The correlation be­

tween beta carotene and yellow pigment values is between 2 objective

types of measurements* A highly significant correlation was found be­
tween these 2 factors when data from the Peerless or Fordhook 21*2
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Table 26* Correlation coefxicients on several objective ana subjective mea,surements on 
each of Hi areo v a r i e t i e s .

____ _ ¥ a,t.ies__ _ _ _
Factors Concentrated Fordhook s Peerless F ordhook 212

AscorbiciFlavor 
Acid. :

Sugar {Ascorbic 
z acid

Flavor Sugar Ascorbic ;Flavor*: S u g a r
A c id. : s

Ascorbic Ac id
♦

—  1-̂ *3166 7*. 3 3 91 A  5259
■a-

7̂ -3252 —— 7̂ *599<>s 7̂ .669^ *
S :

Fla v o r  : t^.3166; --
: 2

A&91S 7**5259 -- A 0614
-K—Sf-

’/'• 5990 -- 1 /-557S
X

* .Sugar : y^-3391 691S3
2 z

-- /*3252 -/■ * 0614 -- 7 -̂6696
. ! 

A 5 5 7 S * ---
t

■s* Significant at the 5— Pe r*cenl level 
Significant at thie 1— percent level



65

Table 27* Correlation coefficients on several objective and organoleptic measurements on each 
o f  three varieties of lima beans.

Varieties
3
s Concentrated Fordhook

3
2 Peerless Fordhook 242

Factors iTender— 8 Green : Beta sTends*— 3 Green 3 Beta 
s omete r sp 1 jg&ent s Ca rotene s ceie te r s P igsient s Cm rotene

Tender— s Green 3 Beta 
c®aeter s Pintent sCarotene

Org&noleptic 
Tenderness

3 3 
3 3
3 - .  541** s
3 3

3
3
2
3

3 3 f 
3 3 3 
2-.767** 3 3 
3 3 2

3 3 
3 3

— . 737**s 3
3 3

Organoleptic 
Color

3 3 
3 3
3 37*. 203
3 3

3
3
3
¥

3 3 3 
3 3 3
2 j/. 815** *
3 3 3

3 3 
3 3 
37*. 7 8 6 * *  8 
3 3

Yellow
p igjfnent

3 3 
3 3 
3 3 
2 3

8
3
37*. 4110m

3 3 3 
3 3 3
3 3 37*. 825**
5 2 S

3 3 
3 3
t 37*. 724**
3 ' S

Starch
3 2
v . 9 2 ** !

3
3
3

2 £ 2 
*y*.87** * * A  89**

3 3 
¥ ¥ 
3 3

3 3 3 3 X 3 3 3
3 3 

Alcohol Insolu-: s 
tie Solids 57*. 91** 2

3 3

3
3
2
3

3 3 3 
3 3 3 
37*. 85** s ¥ 
3 3 3

7*. 91**
3 3 
3 3 
3 3 
3 3

■* Significant, at the 5—percent level. 
** Significant at the 1—percent level.
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varieties are considered* This offers the possibility of estimating 

bets carotene content from an acetone extract of ground beans*
The data on multiple correlations, presented in Table 28, shew 

that the variation of these factors, namely, ascorbic acid, alcohol in­

soluble solid and moisture are concomitant with variations in the. over­

all grad©* Each multiple correlation coefficient with the exception of 
that between flavor, tenderoae ter, alcohol insoluble solids .and starch 

was highly significant* The highest multiple correlation coefficient 

obtained on flavor, which included data on all varieties, was with 

these factors, namely, sugar, ascorbic acid and starch/sugar ratio# 

When data on each variety was considered separately a very good rela­

tionship was obtained for Concentrated Fordhook between flavor, and 

sugar, and ascorbic acid (#70)* A multiple correlation coefficient of 

.639 and .529 was found between these same factors when data of the 

Fordhook 2b2 and the Peerless varieties, respectively, are considered* 

The highest multiple correlation coefficient, #8$1, was obtained be­

tween over-all grad® and the objective measurements of ascorbic acid, 

alcohol insoluble solids and starch* Another high degree of relation­

ship was found in the data between organoleptic over-all grade and ten- 
derometer, alcohol insoluble solids and starch, *75>1*

The graphs presented in 'Figures 2, 3 and it show a very good rela­
tionship between the tenderometer values and the alcohol insoluble 

solids content for each of the 3 varieties, namely, Concentrated 

Fordhook, Peerless and Fordhook 2lt2. It can be observed in Figure 2 

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

Dependant
Factors

Independent Factors
Multiple 
Correla­
tion Co­
efficients

Multiple
Correlation
Coefficients
Significant
at:

s*

o«rt•8O TJ O t4« o

i
§
s
d-.f.»

u<3m
g
$

i* ®« -p
© a

.CO•Hi
*

©
k3e•HoSI nm 2

s
§

. 1A 05 01
Flavor X X X .53d .254 .312
Flavor X X X .560 •233 .287
Flavor X X X •446 .287
Flavor X X X .511 .219 .270
Flavor X X X .146 •2?? .287Flavor of, 
Peerless X X .539 .316 •406
Flavor of 1 
Fordhook 242 X X .639 .361 .463Flavor of
Concentrated
Fordhook X X  ; .700 •349 .449Organoleptic 
Ave. Grade X X X .680 .230 .283Organoleptic 
Ave. Grade X X X .651 .230 .283Organoleptic 
Ave. Grade X X X .751 •233 .287Organoleptic 
Ave. Grade X X X .854 •233 .287Organoleptic 
Ave. Grade X X X -.714 .233 .287
Organoleptic 
Ave. Grade X X X : •725 .177 .232
Organoleptic 
Ave. Grade X X X .699 .230 • 283_Organoleptic
Ignflnnwai__ ■Jt .749 .230 .283
^ Multiple correlation coefficients computed for each variety, 
individually.
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the Concentrated Fordhook and the Fordhook 2l;2 varieties, whereas they 

are slightly more widely dispersed about the regression line in the 

case of the Peerless variety.

The graphs, presented in Figures £, 6 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 Fordhook, Peerless, and 

Fordhook 21*2. A much closer relationship between tenderometer and 
starch determinations was obtained with Concentrated Fordhook and 

Fordhook 2l;2 varieties than with Peerless.

The relationship of the green pigment, expressed as chlorophyll in 

parts per million, to the or/anoleptic color values for 2 varieties:

Fordhook 21*2 and Peerless, is presented graphic ally in Figures 3 and 
respectively.
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WmBONBSBttAL STUDIES

Thi r phase of the investigations was designed to measure the ef­

fect of light intensity, night temperature and tim  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 rang© based on these data 

was 60 degrees to 6£ degrees F. Baising or lowering the temperature 

from this range resulted in a tremendous decrease in the yield. When 

the light intensity of light treatment 1 was reduced by 2/3 the yield 
was significantly reduced, Sach successive delay in the harvest result­

ed in a decrease in ti© yields as shown by these data. There were no 

significant first order interactions in the analysis of variance 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 8$ degrees F.) and for 
the low night temperatures (1*0 to 1*5> degrees F, )♦ On the other hand, 

reducing light intensity and delaying the tin© of harvest had much more 

effect in reducing yields of the pods than in reducing yields of the 
shelled beans*
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Table 29. Effect of different light intensities, night temperatures 
and times of harvests upon the yield of fresh pods of the 
Peerless lima bean variety, (fields expressed in grams 
from nine plants.)

t• s Might Temperatures 3 Harvest
Light Treatment s Harvest : 3 S X

and Umber s Dates e• 40-45°P 3 60-65°? 80*85°? 3 Light Mean
♦#

1* Sunlight, plus i 2-10-49
:
3 265.5

3
I 447.1 52.5

3
3 255.0

three 200 watt : 2-15-49 * 196.0 3 347.7 47.8 3 197.2
bulbs. t 2-21-49 3 37.8 3 224.4 26.4 3 96.2
Temperature x Light Mean : 166.4 3 339.7 42*2 •• — *

t
2. Light intensity: 2-10-49

3
s 185.8

3
3 363.5 49.9

3
3 199.7

of Treatment 1 : 2-15-49 3 133.4 3 240.6 36.4 3 136.8
reduced by 1/3.s 2-21-49 3 72.9 3 287.4 29.1 3 129.8
Temperature x Light Mean I 130.7 3 297.2 3 —

3. Light intensitys 2-10-49 
of Treatment 1 s 2-15-49 
reduced by 2/3.* 2-21-49 
Temperature x Light Mean

3 204* 5 * 
s 117.0 s 
s 82.5 i 
s 134.7 :

254.1 :262.2 3 
169.8 3 
228.7 t

50.129.8
12.530.8

4T•
3
3
**

169.6
136.3
88.3

Temperature Mean
3 3
.*.143*9.

3
288.5 3 37.2

3
3

: First 3 Second : Third i 
Light Intensities:Treatment :Treatment: Treatment:
Mean 182.8 131 >
Harvests
Mean

2-10-49
208.1

I 2-15-49 :: : 
: 154*8 s

2—21—49
104* 8

L.S.D. at the 5-percent level, temperatures 37*5
lights 37.5
harvests 37.5



79

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

Light Treatment 
and Number

:*
:

:
Harvest : 
Dates :

Night Temperatures 
: :

40-45°? : 60-65°F * 80-85°?
: Harvest 
s x 
: Light Mean

1. Sunlight, plus
: ♦
2-10-49 : 33*2

t
: 130.8

:
: 15*8 : 59.9three 200 watt : 2-15-49 i 35*2 : 114.0 : 9.2 : 52.8

bulbs. : 2-21-49 : 4.5 : 92.4 : 10.5 : 35.8
Temperature x Light Mean : 24*3 s 112.4 : 11.8 : —e

2. Light intensity:
i

2-10-49 : 23.3
2
: 109.9

:♦* 9*1 : 47.4of Treatment 1 : 2-15-49 * 21.3 : 94.0 i 7.7 : 41.0
reduced by l/3• : 2-21-49 2 15.6 : 137*7 i 9*0 : 54.1
Temperature x Light Mean : 20.1 : 113.9 : 8.6 i —

3. light intensity: 2-10-49 
of Treatment 1 : 2-15-49 
reduced by 2/3.s 2-21-49

x Light Mean

24.6 : 87.6 : 16.9 : 43.0
20.1 s 103.8 s 7.8 * 43.921.6 : 87.3 i 6.8 i 38.6
22.1 t 92.9 : 10.5 . —

:
Temperatures Mean 22.2

:Treatment 
Light Intensities: One

:
Kean___________ : 49.5

106.4 s 10.3
Treatment

Two

JtZtl

:Treatment s 
s Three :
t :
: 41*3

Harvests 2-10-49 2-15-49
% : 
% 2-21-49 :

Mean : 50.1 i 45.9 * 42.8
L.S.D. at the 5-percent level, temperatures 15.5



m

The data.' on tfe® «£finrfc of light intensity* might te|seratere mid 
tto&s of harvest moon beta ©aretem® ©ositami are « ^ w wNRt#d on fygtfyfi 
eei$it basis in Table 32 and on the ̂ isteeHfroa basis In Table 33* 
T&ght tmpmmlmm range mm its© oml̂ r fm fm  that tel a sigmlftoisnb efv 
fset m  the beta mvo^mm oonboRt of ̂ mH©d beans m  either the fresh 
o r dry weight basis* Beta e&roten© aocwwtoted in the beans aim 
plants ism p a m  under a lew night te^oratum range (iiD to 1*5 3®gmm 
F*)# Tbs wfttot of * lew night temperature upon tbs 'tuts oarstsns e«s» 
tent is m m  m m  pronocmoed when tbs data is m$mmm& on a laotottir©- 
fro© basis* Bvsn though the U^t4sp^itii9 interaction is not eig- 
nlftfumt a* pmmmbml in Tab!® 3k# tbs offset of a lew night teper®- 
tore upon beta carotene content to be greatest under a sli#st
reduction of tbs light intensity* t o  data is Tables 32 and 33 show 
faster difference© in bets carotene content between to® liQ to l£ do- 
p w s  F* and tbs 60 to 65 depwoe P* ni#t tanper&ta** ranges under 
light treatwit 2*

fbs data to fable 35 on the acetone e&tract of' yellow pdpunis ®\m t 

that light totoneitles and night toii»«tsir©s bad a ̂ pdflent effect 
on the ysllcw p&gpsnt content of shelled boons* &§te m s  no signifi­
cant difffereno® between the *j€l2m pigasat content to shelled beans 
grown under -toll tollgbt and tho«® t o  «ndsr tfet® light totensltgr 
reduced by 1/3* However* a further doersaos to light intensity re­
sulted to a decrease to tbs yellcwr pigments* Site&ed bsans fron plants 
grown under light totonelty trsstnsnt 3 contained only 9*li9 aicrogrtaas 
per gran as oonpsrsd to 13*17 ale ro grass per green of the beans green
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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. (Beta Carotene 
expressed in laicrograms per gras on fresh weight basis.)

• * Night Temperatures : Harvest
Light Treatment 2 Harvest s 2 X
and Number 2 Dates 2 40-45°F i 60-65°? : Light Mean
1. Sunlight, plus

X 2
2 2-10-49 t

2
1.40 : 1.15 : 1.2?

three 200 watt 2 2-15-49 2 1.80 t 0.70 : 1.25bulbs. t 2-21-49 i 2.20 i 1.60 t 1.90
Temperature x Light Mean 2 1.80 : 1.15 2 —

2. Light intensity 
of Treatment 1 
reduced by i/3.

:
2-10-49 t 
2-15-49 : 
2-21-49 5Temperature x Light Mean

3.80
1.75
3.70
3.08

1.100.90
0.650.88

2.45
1.33
2.17

8 2 
3. Light intensity t 2-10-49 * 1.10

of Treatment 1 : 2-15-49 J 1*75
reduced by 2/3. s 2-21-49 * 2.53
Temperature x Light Mean ; 1.79

2 1.50 : 1.30
: 1.20 2 1.47
i 0.90 : 1.712 1.20 i —

Temperature Means
Light Intensities

Mean

{Treatment: 
i One :

2.23 l.<
Treatment : 

Two s

1.47 1.98

Treatment
Three

1.
Harvests

Mean
* 2—10—49 :

M>7 » 1.3S
2-15-49 : 2-21

2 
2

22.

21
L.S.D. at the 5-percent level, temperatures
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Table 33* Effect of different light intensities, night temperatures 
and dates of harvest upon Ghanges of the Beta Carotene in 
shelled lima beans of the Peerless variety, (Beta Carotene 
ejxpressed in micrograms per gram on a moisture-free basis.)

Light Treatment 
and Number

Harvest
Dates

: Harvest 
Night Temperatures : x 
W3-45°F s 60-6 5°F : Light Mean

1, Sunlight plus 
three 200 watt 
bulbs.
Temperature x Ligl

2-10-49 
2-15-49 
2-21-49 it Mean

7.17 7.00
8.18
7*45 ...

*

4.42 j 5*79 
2.20 : 4.60 
4.16 s 6.17 
.3.59 ..:.. - .. .._.:

2. Light intensity : 2-10-49 
of Treatment 1 : 2-15-49 
reduced by l/3 : 2-21-49 Temperature x Light Mean

■

16.30
5.22
11.30
10.94

4.33
2.94
1.743.00

10.31
4.08
6.52

3. Light intensity 
of Treatment 1 
reduced by 2/3
Temperature x Lig)

2-10-49 
2-15-49 
2-21-4$ it Mean

6.49 
6.47 
8.45 

:■ 7.14

s
5.78 t 6.13 
4.38 : 5.42
2.18 i 5.31
4.11 : —

Temperature Means 8.51 3.57: Treatment 
Light Intensities : One Treatment

Two
Treatment
Three

Mean 5.52 6.97 5.62
Harvests
Mean

2-10-49 2-15-49 2-21-49
7.41 4*70 6.00

L.S.D. at the 5-percent level# temperatures 3*02
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Table 34. Analysis of variance of data presented in Tables 32 and 33*
: Mean Square

Source of 
Fariance

1
2

d. f, Beta Carotene, 
Fresh Weight Basis

: Beta Carotene,
3 Moisture-free Basis

Total
%
S
1
2

17
:
:

Lights 2 0.49 i 3.92
Temperatures

•
: 1 **5.93 i **109.76

Harvests
I
t
t
3

2 0.51 * II.05
L x T 2 1.25 « 10.37
L x H

t
2 4 0.54 3 5.22

! x H
3
2
2

2 0.42 : 4. BO
I x T i H .error t 4 i 0*44 > 5*33

^^Significant at the 1-percent level
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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.)

2 t Sight Temperatures s Harvest
Light Treatment : Harvest 
and Number : Dates 40-45°F 60-65°F

X
Light Mean«

1. Sunlight, plus : 2-10-49 
three 200 watt : 2-15-49 
bulbs• : 2-21-49 
Temperature x Light Mean

14.60
14.40
18.30
13.77

9.60
6.80
12.00
9.47

12.10
10.60
15.15

2. Light intensity s 2-10-49 
of Treatment 1 a 2-15-49 
reduced by l/3. 2 2-21-49 
Temperature x Light Mean

2
21.00 2 10.00
14.00 2 6.00 
22.40 2 5.60 
19.13 2 7.20

15.50
10.00
14.00

#
3. Light intensity : 2-10-49 

of Treatment 1 2 2-15-49 
reduced by 2/3. : 2-21-49 
Temperature x Light Mean

16.60
9.50
13.30
13.20

6.80
6.45
4.10
5.78

11.80
7.98
8.70

Temperature Means 16.03 7.48
2 Treatment 

Light Intensities 2 One
Treatment 2 Treatment 

Two t Three
2

Mean : 12.62 13.17 9.49
Harvests : 2-10-49 2-15-49 2-21-49
Means 2 13.13 9.53 1 12.62

L.S.D. at the 5-percent level, temperatures 2.97
lights 3.64
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under the light intensity of treatment 2. The lot night temperature 
rang© (1*0 to 1$ degrees F.) brought about an accumulation of the yellow 

pigments, expressed as micrograms 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 lQ to \& 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 Tables 38 and 39 show that light intensity 

had insignificant effects on the ascorbic acid content of the shelled 

beans and that night temperatures and time of harvest had significant 

effects. Ascorbic acid content of shelled beans -expressed on a fresh 

weight basis produced under the low night te^eratur© range (1*0 to hS 
degrees F.) was almost lj times that found in beans from plants grown 

under the night tesperatur© range, 60 to 65 degrees F., whereas on the 

moisture-free basis this proportion was increased to 1-3/U 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 21.96
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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* (Pignent 
expressed as parts per million of Chlorophyll.

3 3 Right Temperatures 3 Harvest
Light Treatment 3 Harvest : 3 3 X
and Humber t

s Dates #
9 40-45°F #

9 60-65°F *
9 Light Mean

1. Sunlight, plus
9
9

: 2-10-49
:
s 77.00

3
4 
9 54.00

9

t 65*50
three 200 watt 9

9 2-15-49 I 76.00 3 36.00 9 56.00
bulbs. 3 2-21-49 9

9 72*50 3 41.00 3 56.75
Temperature x Light Mean 3 75.00 3 43.67 » —

2. Light intensity
9

I 2-10-49
:
: 108.00

3
: 57.50

t

9 82.75
of Treatment 1 * 2-15-49 3 60.00 *

9 33.50 i 46.75
reduced by l/3. 3 2-21-49 60.00 3 19.50 9 39.75
Temperature x Light Mean * 76.00 3 36.83 9 —

3 3 2 3
3. Light intensity s 2-10-49 3 92.00 2 41.50 2 66.75

of Treatment 1 s 2-15-49 3 40.00 3 34.50 2 37.25
reduced by 2/3* J 2-21-49 3 54.30 * 16.00 3 35.15
Temperature x  Light Mean e* 62.10 *• 30.67 9

9 —
5 3 3

Temperature Means___________; 71*09 i 37.06 i
9 Treatment : Treatment 3 Treatment

Light Intensities 3 One •
9 Two 3 Three

Mean
2
♦a ... 59.42...

2
•• 56.42

3
: 46.38

Harvests
2
3 2-10-49

♦4
3 2-15-49

X
3 2-21-49

Mean
3
3 71.67

3
•4 46.67

4 •
5 43.88

L.S.D. at the 5-P®**cent level, temperatures 14*88
harvests 18.22



fable 38. Effect of different light intensities, night temperatures 
and times of harvests upon changes in the ascorbic acid in 
shelled lima beans of the Peerless variety. (Ascorbic acid 
expressed in milligrams per 100 grams on fresh weight basis.)

: Might Temperatures : Harvest
Light Treatment 2 Harvest : : t x
and Mumber______ : Date ; 4Q-45°P : 60-65°F : Light Mean

*
4 j 2 :

1. Sunlight, plus s 2-10-49 i 37.61 •* 30.51 1 34.06
three 200 watt : 2-15-49 : 30.82 4

4 24.20 •# 27.51
bulbs j 2-21-49 : 36.50 ■4

4 14.52 a» 25.51
Temperature x Light Mean • 34.98 I 23.08 0

4 —

2 *
4 2 :

2. Light intensity 1 2-10-49 t 43.40 : 30.96 : 37.18
of Treatment 1 t 2-15-49 i 23.43 2 21.40 • 22.42
reduced by 1/3. : 2-21-49 2 32.91 s 26.18 2 29.54
Temperature x Light Mean 2 .3 , 5 . ♦ 26.18 9

4

! : s ;
3. Light intensity t 2-10-49 t 43.13 * 27.88 •* 35.50

of Treatment 1 2 2-15-49 $ 30.16 2 19.78 : 24.97
reduced by 2/3. s 2-21-49 2 37.21 2 19.72 2 28.47
Temperature x Light Mean *« 36.83 s 22.46 4m

1 s
Temperature Means • 35.02 •• 23.91

.
1

s Treatment 2 Treatment 2 Treatment 2
Light Intensity i One 2 Two 2 Three 2

: 2 2 2
Mean 2 29.03 •a 29.71 : 29.65 2

i 2 2 2
Harvests : 2-10-49 : 2-15-49 2 2-21-49 ••

*
Mean 2 35.58

2
2 24.96

2•* 27.84
2
2

L.S.D. at the 5-percent level, temperatures 4*84
harvests 5*92
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fable 39* If feet of different light Intensities# night temperatures 
and dates of harvest upon changes of the ascorbic acid in 
shelled lima beans of the Peerless variety. (Ascorbic acid 
expressed in milligrams per 100 grams, dry weight basis.)

Light Treatment 
and humber

Harvest
. Dates

t Might

i 410-4$% i 60-65°P

Harvest
x

i i
1* Sunlight# plus s 2-10-49 * 192.46

three 200 watt s 2-15-49 s 119.8®
bulbs. s 2-21-49 s 135.7®
Temperature x Light Mean i 149.3®

t s
5 117.21 i
s 76.01 3
* 37.71 , i
t 74.9® 3

154.85
97.94
86.74

2. Light istensity 
of Treatment 1 
reduced by l/3.

x U

2-10-49
2-15-49
2-21-49

186.27
69.8®
100.46

121.89
69.96
70.24

154.0®
69.92
85.35

3 3 s 3
3. Light intensity t 2-10-49 : 254.30 3 107.44 I 180.8?

of treatment 1 3 2-15-49 3 111.49 t 72.2? I 91.a®
reduced by a/3. *• 2-21-49 S 124.32 3 47.69 2 86.01
Temperature % Li Mean f 163.37 2 i

2 2 2
Temperature Means t __J43l*J? _ 2 80.05 I

3 Treatment 2 Treatment t Treatment 2
Light Intensities i One 2 Two s Three 2

2 1* 2 t
Mean 2 113.18 2 103.12 2

2 t 2 2
Harvests 2 2—10—49 2 *AfcA*.. 2 2-21-49 1

Mean
1
2__2£hZL. 2 86.58 2 86.03

a
2

L.S.D. at the 5-percent level# temperatures
harvests
t x H

23.32
28.57
40.39
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and 27.81* milligrams of ascorbic acid per 100 grams of fresh weight, re­

spectively. In the analysis of variance data presented in Table 1*0, 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*1. The highest total sugar content was observed in beans grown under 

the lowest' night temperature rang©, 1*0 to 1*5 degrees P. 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

grees F. range. Delaying the harvest resulted in successive decreases 

of the total sugars but these reductions are not significant.

The data, presented in Table 1*3, show that light intensity and 

night temperatures produced significant effects on the percentage of 

alcohol insoluble solids in the shelled beans. Plants grown under the 

highest light intensity or under the highest night temperature (SO 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 alco­

hol insoluble solids even though there was some increase in the per­

centage of alcohol insoluble solids with each delay in the harvest.
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fable 40# Analysis of variance of data presented in fables 38 and 39*

Source of s
fariaace i

t lean Smiare
d# f. 8 Ascorbic Acid, 

Fresh Weight Basis
•*
2

Ascorbic Acid 
Dry Weight Basis

Total : 17 *
S
s

Temperatures : S
1 8 ♦*555*77

:
2 ♦♦18332.29

Lights :
«

2 t 0#B6
.5
2 413*49

Harvests: j
1
2

3
2

1st vs (2nd 4- 3rd): 1 1 ♦♦337.02 t *♦23689.82
2nd vs 3*d *

2
1 2 24*80

t
t 0.91

T x t :
2

2 2 20.72
t
t 1261.41

T x H *
3

2 8 31*03
2
2 ♦1748*09

L x K :
2

4 2 12.86
2
2 243*74

T x L x H  %
2

..Jfe____2. 13.45
2
2 317.69

♦Significant at tbs 5-pereent level 
♦♦Significant at the 1-percent level
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Table 41* If feet of different light intensities, night temperatures 
and times of harvests upon changes in the percentage of 
total sugars in shelled lima beans of the Peerless variety*

Light Treatment : Harvest i : :
and Humber : Dates : 40-45°? : 60-65°F : 80-85°F

X
Light Mean

: : : j
1. Sunlight, plus : 2-10-49 : 2.44 : 2.40 : 2.80 

three 200 watt : 2-15-49 : 2.72 : 2.00 : 3.10 
bulbs. : 2-21-49 * 1.45 : 1.32 : 1.57 
Temperature x Light Mean : 2.20 t 1.91 : 2.49

2.55
2.61
1.45

s t t :
2. Light intensity: 2-10-49 * 3.11 : 2.12 : 1.78 

of Treatment 1 : 2-15-49 : 4,23 t 1.18 : 1*35 
reduced by 1/3.: 2-21-49 * 2.48 : 2.36 : 2.10 
Temperature x Light Mean : 3.27 : 1.89 : 1.74

2.34
2.25
2.31

: s i :
3. Light intensity: 2-10-49 : 3.24 * 2.19 : 2.24 

of Treatment 1 : 2-15-49 * 2.68 : 2.18 : 2.11 
reduced by 2/3.: 2-21-49 : 2,62 : 2.00 : 1.91 
Temperature x Light Mean s 2.85 : 2.12 : 2.09

2.56
2.32
2.18

Temperature Mean 2.77
:Treatment: Treatment 

Light Intensities: One s Two
: :

Mean___________ t 2*20 s 2.30

1.97 2.11
Treatment: 
Three :
2i21:

Harvests
Mean

2-10-49 : 2-15-49 S d t
2*48 2,21 1.98

L.S.D. at the 5-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 
alcohol insoluble solids in shelled lima beans of the Peer­
less variety#

Eight Treatment 
and limber

Harvest s~ 
Dates t 40-45°F i 60-65°F 80-85°F

1 Harvest
x

2 Light Mean
i : s

1. Sunlight, plus : 2-10-49 s 13.26 ; 20.70
three 200 watt j 2-15-49 : 17.00 ; 24.41
bulbs. i 2—21—49 * 24.25 tiin 35.30

57.88
63.20
42.56

30.61
34.87
34,04

2 2 2 
2. Light intensity; 2-10-49 s 16.52 ; 19*75

of Treatment 1 2 2-15-49 : 21.50 s 23.16
reduced by 1/3.2 2-21-49 2 17.60 : 29.21

36.99
28.30
23.04

24.42
24.32
23.28

2 2 2
3. Light intensity; 2-10-49 2 12*00 2

of Treatment 1 2 2-15-49 2 15.40 2
reduced by 2/3.t 2-21-49 t 18.17 2

20,8328.70
31.30

31.36
41.13
48.40

21.40
28.41 
32,62

Temperature Mean 17.30 25.93
;Treatment: Treatment: Treatment 

Light Intensities; One ; Two 2 Three

1 33.17 1 24*01 1 27.48
Harvests

Mean
; 2-10-49 : 
2 2 
2 25.48 2

2-15-49 s 2-21-49

29.20 29.98
L.S.D. at the 5-percent level, temperatures 7*21

lights 7.21
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The data in Table bb present the results on the influence of light 

intensity, night temperatures, and times of harvest on the starch con­

tent of r m  beans. In general, plants grown under the highest light 

intensity and highest night temperature had a higher starch content 
than those grown under the medium and lew 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 significant, a veiy definite 

trend is evident toward the accumulation of starch with each successive 

delay in th® harvest. The significant interaction between temperature 

and light is shown by the fact that high night temperatures did not af­

fect the starch content of raw beaus in the same manner under each dif­
ferent light intensity.

The findings on the effect of the 3 enviroimental factors upon 

total growth as expressed on the fresh and the dry weight basis are 

presented in Tables i*6 and U7, respectively. Might temperature rang© 

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 diy 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 44* Effect of different light intensities, night temperatures 
and times of harvests on percentage starch in shelled lima 
beans of the Peerless variety*

: 2 Might Temperatures Harvest
Light Treatment i Harvest 
and Humber s Dates

2
2

«
40-45°F i

*
60-65°F : 80-85°F*

X
Light Mean•*

1. Sunlight, plus : 2-10-49 
three 200 watt i 2-15-49 
bulbs* t 2-21-49 
Temperature x Light Mean

2■ •*
2
2•#

2
8*90 : 
10.50 2 
11.41 s 
10.27 :

4
15*20 : 
22.81 : 
31*00 2 
23.00 2

41*80 s 
35.40 t 
30.87 f 
26.02 2

21.97
22.90
24.43

:
2. Light intensity: 2-10-49 

of Treatment 1 : 2-15-49 
reduced by l/3.: 2-21-49 
Temperature x Light Mean

2
2
2
2
2

2
10.10 2 
9.72 2 
7.54 2 
9.13 2

2
14.50 :
16.50 : 
18.15 f 
16.38 :

11.00 s 
12.60 : 
19.44 s 
14.35 2

11.87
12.94
15.05

:
3. Light intensity: 2-10-49 

of Treatment 1 : 2-15-49 
reduced by 2/3.: 2-21-49 
Temperature x Light Mean

:
2
2
2*•

2
5.00 : 
9.11 2 
21*25 • 

.H.79 .

2
13.90 : 
21.00 s 
25*90 : 
20.27 s

19.10 : 
22.99 s
28.55 s
23.55 t

12.67
17.70
25.23

Temperatures Mean
2••

2
10.39 2

2
19.88 : 24.64 s

sTreatment: Treatment :Treatment :
Light Intensities: One : Two : Three :«*
Mean : 23*10

•
2

2
13.29 s 18.53 !

:
Harvests : 2-10-4?

2
2

2
2-15-49 2 2-21-49 *

2
Mean : 15*50

2e•
•

17*85 i
2

21.57 :
L.S.D. at the J-pereent level, temperatures 5*16

lights 5*14
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•)

Hlght Temperatures______ j , Harvest
Light Treatment : Harvest 5

and Number : Dates : 40-45°F
2 2 X

60-65°F : SO-85°F 2 Light Mean
: I

1# Sunlight, plus i 2-10-49 2 438.0 
three 200 watt : 2-15-49 : 473.9 
bulbs. 2 2-21-49 : 487.0 
Temperature x Light Mean 1 481.3

: :
540.3 : 521.3 : 514.9
515.3 : 537.1 J 508.8 
553.5 : 610.6 2 550.4
536.4 2 556.3 s —

1 1 
2. Light intensity: 2-10-49 * 413.5 

of Treatment 1 : 2-15-49 2 422.0 
reduced by l/3.i 2-21-49 : 351.9
Temperature x Light Mean 2 395.8

2 :
553.2 2 623.7 2 530.1
480.4 : 494.4 2 465.6
581.4 • 375.9 2 436.4
538.3 : 498.0 : --

t *
3. Light intensity: 2-10-49 : 477*8 

of Treatment 1 2 2-15-49 2 344.6 
reduced by 2/3.: 2-21-49 J 417.3 
Temperature x Light Mean 2 413.9

2 :
545.9 2 554.4 2 526.0 
509.7 : 517.3 s 457.9 
489.6 : 469.5 s 458.8 
515.1 2 513.7 2 — -

:
Temperatures Mean : 430.3 529.9 * 522.72

:Treatment 2 Treatment 
Light Intensities: One 2 Two

Treatment: 
Three :

: 2 
Mean : 524.7 2 477.4

♦•
480.9 :

: :
Harvests : . 2 - 1 0 : 2-15-49

♦
2-21-49 :

Mean...........  .523.7 * 477*4
e

m * 5_ i
L.S.D. at the 5-percent level, temperatures 58.7
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table 47. Effect of light intensity, night temperature and dates of 
harvest upon total plant growth in the Peerless variety of 
lima beans. (Growth expressed in grams of dry weight per 
nine plants,)

Light Treatment 
and Mumber

: Harvest 
Dates

Might Temperatures

U0-45°r : 60-65°? ; 80-85°F
Harvest

x
Light Mean

1. Sunlight, plus ? 2-10-49 • 89.6 
three 200 watt : 2-15-49 ? 84.6 
bulbs. : 2-21-49 : 107.8 
Temperature x Light Mean ? 94.0

:
:
:
:

76.3
74.6
103.5
84.8

87.8
93.0
100.3
93.7

: 84*6 
s 84.1 
: 103.9

i :
2. Light intensity? 2-10-49 * 68.9 72.5 105.6

•

i 82.3
of Treatment 1 : 2-15-49 : 77.4 60.0 81.8 ? 73.1
reduced by l/3.: 2-21-49 5 70.9 81.7 57.6 s 70.1
Temperature x Light Mean s 72.4 71.4 81.7 : —

♦  •

3. Light intensity: 2-10-49 ? 78.3 : 66.9 81.8
#

t 75.7
of Treatment 1 : 2-15-49 * 60.3 : 58.9 79.5 : 66.2
reduced by 2/3.? 2-21-49 ? 75.7 #• 60.6 65.4 : 67.2
Temperature x Light Mean : 71*4 ♦* 62.1 ? 75.6 • —

t
Temperatures Mean : 79*3

♦
i

'
72.8

r

83.6
?
••

Light Intensities
•Treatment

One

Harvests

Mean

Treatment: Treatment? 
Two i Three

90.8
2-10-49

75.2 i2JL
2-15-49 2-21-49

? 80.9 ? 74.5 ? 80.4
L.S •£)• 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 (i*G to 1*5 degrees F.) was much less than the total growth 

made by plants under either the 60 to 65 degrees F. range or 80 to 85 

degrees F. range. There were differences in the total growth made by 

plants under different light intensities but they are not of sufficient 

magnitude to be significant.

The data in Table 1*7 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 J was not statistically significant.
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The test of significance used in evaluating the data reported in 

these studies was the F value as presented 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 
determined on the starch data, The most accurate test of this type is 

carried out by analysing percentage data before and after its transfor­

mation. The starch data were analysed 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 transformation 

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 between varieties in the tenderose-

X
ter readings. For instance, the range was from iSh to 236 units for 

Concentrated Fordhook, fro® 171.3 to 216 units for Peerless and from 

152.3 to 205 units for Fordhook 21*2. 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 the first 

and last harvest. Kramer and Smith (I4.6) found that the tendsrometer 
range on the Henderson Bush variety extended from 165 to 336 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.

*4lnits are in pounds per square inch surface required to shear 
shelled beans.
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Although the tenderometor ranges determined lor each of the 3 va­

rieties were narrow, there was a very close relationship between this 

factor and the alcohol insoluble solids content of raw beans* The data 

obtained on this phase t.f the study indicated that maturity grades 

based upon tenderometer units could be established, provided adequate 

samples of wide ranges of maturity were used in setting up the grad© 

standard*
The investigations (1*6, I4.8) on the alcohol insoluble ©olid® 

fraction of the lima bean have been reported on the canned or frosea 

product and not upon the fresh beans* However, these investigation© 

show there is very close relationship beiareen this factor and tenderome- 

ter unit© of the. fresh' bean. The changes in the alcohol insoluble 

solids content of the fresh bean due to delay in the harvest were simi­

lar to the findings of Kramer and Smith (1*6) on the canned product*

Fresh beans of Peerless had a such higher alcohol insoluble solids con­

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 b® explained by the fact that 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 process* 

These changes in moisture content and carbohydrate losses which occur 

during the blanching process were reported by Kramer and Smith (1*5).
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The rapid method for starch analyses employed la these studies has 

several advantages over the official A. 0, A. C.2 method. These advaa- 
tages are, mainly* speed and the inexpensive equipment required. Fucher 

and Vickery (66) first reported the use of the starch iodine reaction as 

a means of determining starch quantitatively. Nielsen (62) made several 
modifications of their method which speeded up the analytical procedure 

considerably. Nielsen compared the starch iodine method with the offi­

cial starch method on lima be&a samples and found very close agreement 
between the 2 methods. The rapid starch method could be used in a 

canning factory establishment to determine the maturity grade on fresh 

samples•
Data on the various carbohydrate fractions and their relative pro­

portion in each variety are presented in Table k9* It will be noted 
that Fearless was higher in total solids and alcohol insoluble solids 

than either of the other 2 varieties. Peerless was also higher in 
total soluble solids and alcohbl insoluble solids and lower in starch 
than Concentrated Fordhook. Thus* Peerless contained a much higher per­

centage of polysaccharides such as cellulose* heiaicellulose and pento­

sans other than starch than the latter variety. The relationship 
between tenderometer values and the starch content of the Peerless var­

iety was not as close as the relationship between the same 2 factors for 

the Concentrated Fordhook variety. This difference between the carbohydrate 
fractions for these 2 varieties may explain in part the difference found

^Association of Agricultural Chemists
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Table 49* /,f Cect of storage Xem.p«u■rutvi.r-e a.nci duration, and. Xlinnets oi? h&i’vesL
collage of total solids, alcohol ±rmoliibl<a solids, at-nxxsh suacl aug 1 1',.;* beans.

upon criaagse in t - h & poi>* 
n j f ©  h i  t h r e e  ■ v a .n i .e t i i .e ©  oJT

G one exit, rated FordnooJe Peerless Foralh ook 242
Fact oar® ;Total s i s s T ot a.1 Total s ; iTotal sTola.1 s - * Total

S 6 OilCLS S i..x.din 1 L- r !£2 u/iars Solids 1A » X  * ̂ * **..+ 5̂- 4, 4**- - -Z y„\_\ 3:73, ■r'f?: 6 nXiels*.T.1.3.£Stare: itSugan
Tinier oi* Karrest: t

i 3 > • fX X9 * 6? JL-sU — X.24 27-59 23-97 XX . 66 -J., « f* *-J j 23.21 20.77 -iUw> • ~69 X.X7
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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, ascorbic acid
and total sugars were found 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 during the early part of the
storage period, but it did decrease rapidly after the third day in
storage. Since there was a progressive decrease in total sugars as 
storage duration was prolonged, total sugar content was a more reliable 
Index of freshness than ascorbic acid content. These findings on total 
sugar changes in stored beans are in agreement with those of Denny and 
co-workera (2£)•

The determinations for reducing substances on several samples 
which had been stored In cold alcohol showed that mall amounts of 
reducing sugars were present. However, identical samples stored in a 
2 per cent potassium hydroxide solution of ethyl alcohol yielded only 
slight traces of reducing substances. The latter findings are in agree­
ment with those of Denny and c©-workers (2£) and Carolus (IT) on re­
ducing substances in lima beans. Parker and Stuart (63) found that the 
bean separated 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 alcoholj whereas those dropped into 
©old alcohol that had 0,2 gram of calcium carbonate added, showed vary­
ing amounts of reducing sugars present when analysed.
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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 individual varieties. For instance, the correlation co­

efficient for total sugars and flavor for the 3 varieties was only .3? 
or about the same as no correlation at all. However, the relationship 

between these 2 factors was found to be significant by varieties because 
a correlation coefficient of .69 sod .$6 were obtained from the data on 
Concentrated Fordhook and Fordhook 21*2 varieties, respectively. The 

data on the Peerless variety indicated no relationship 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 objec­

tive test, would have somewhat limited practical application because the 
flavor grades could only be predicted from a scale based upon data from 

1 variety. The best relationships between flavor and total sugars ob­

tained were only correlation coefficients of .69 and .56 and these are 
too low to be used in a regression equation for predicting grades.

These very poor relationship© 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* A 

study of the relationship between flavone pigments and flavor might re­
veal a better objective test for flavor.

These studies have revealed several valuable objective measurements. 
The relationship between green pigment content of the raw bean and or­

ganoleptic color is a very good example. These 2 factor© were found to
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be very closely related in data for the Peerless variety. Color grade© 

of the frozen product could be predicted from raw beans* Another very 

close relationship was found to exist between tenderer ter units and or­

ganoleptic tenderness* Hie correlation coefficients between these 2 
factors were -.51?., ~*77 and -*lb for data on the Concentrated Fordhook, 

Peerless and Fordhook 2^2 varieties,, respectively* Although these cor - 
relation coefficients are not satisfactory for prediction purposes, they 

indicate a fairly close relationship which merits further stû y* This 

relationship was found to be closer for those varieties that contain 

smaller starch fractions but a higher content-of polysaccharides other 
than starch. A further breakdown of the polys&ceha rides into hes&cellu- 

loses might provide a better picture as to the factors contributing to 
the tenderness or toughness of ; a; lima bean*.

Multiple correlation coefficient determinations afforded a measur­

ing stick of the effect of any-1 .'objective test upon organoleptic grade 
when 2 or more factors are considered to determine the grade* For -exam­

ple, the multiple correlation coefficients between the objective tests, 

total sugars and ascorbic acid, with flavor for the Concentrated Ford­
hook variety was *70 as cospared 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 total 

sugars accounted for the flavor variations in the Peerless variety* Al­

though multiple correlation analysis did not reveal any group of factors 

that could be used in predicting flavor grades, it did reveal 1 very 
significant relationship between over-all grade, ascorbic acid, alcohol
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insoluble solids and starch. The multiple 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 attributed to these 

factors*
The stadias of the effect of environmental factors revealed that 

night temperature exerted a very strong influence upon the plant pro­

cesses, yield and composition* For example, the optimum night teipera- 

ture range (60 to 6$ degrees ?*) proceed approximately 5 times the 
yield of the low night temperature range CM) to H5 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 daring a season in the year when the m m  night 

temperature range is between 60 and 65 degrees F. Temperatures lower 

than this range slewed up the maturation process and were responsible 

for an increased sugar and vitamin content of the bean* On the other 

hand, night temperatures above the optimum range hastened maturation and 

starch accumulation* Under a high night temperature environment some of 

the pods even began to shrivel before the seed reached maximum si&e*

The data, also, showed that reduction of light intensity tended to 

slow up maturity in plants held under the 80 to 85 degress F. night tem­

perature range.: This response was reflected in the starch content of 

beans under the high night temperature —' low light intensity treatment* 

The very close relationship between 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 summation units were directly
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related to the rat© of maturity, their application to the timing of 

plantings would facilitate the regulation of supplies for the cannery 

for any 1 period*
light temperatures have a pronounced effect upon the nutritive 

value of the lima bean, in this stu<̂ r beans grown at & night tempera­
ture range of ij.0 to h5 degrees F# contained approximately 1^ tines as 
much ascorbic acid expressed on a fresh weight basis as the beans grown 

under night temperature range of 60 to 6$ degrees F* The beans grown 
at the lew night temperature range contained slightly over twice as such 

beta carotene on the fresh weight basis as did the beans from the 60 to 
65 degrees F* range* The highest quality beans based upon nutritive 

value were grown under the low night temperature range (1̂0 to 1+5 degrees 
F. )• This range could not be recommended because yields were extremely 

poor as compared to the yield from the optimum 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 organoleptic evaluations of the 

cooked frozen bean* These useful relationships are* between green pig­

ment and organoleptic color, and between tenderometer readings and ten­

derness* It is hoped that their close association will stimulate fur­

ther investigation* With some varieties total sugars were correlated 
with flavor 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*
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Studies were made to determine the effect of certain storage and 

environmental factors on changes in physico-chemical processes and in 

nutritive 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 h 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 phases of the stuĉ r 

in toe laboratories of toe horticultural department of the University 

of Maryland* The storage experiment was planned o n a j x 3 x 3 x l i  

factorial design* The variables were varieties, times of harvest, 

storage temperatures and storage durations, respectively. Bata 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 organoleptic values of shelled beans 
both before and after storage and on organoleptic values of the frozen 

product.

In general, the data show that delay in harvest significantly in­

creased the yields of plants, as measured by the weight of shelled 

beans, and significantly increased tenderometer readings, alcohol in­
soluble solids and starch content of the shelled beans. On the other 

hand, delay in harvest significantly reduced moisture, carotene and or­
ganoleptic values, with the exception of flavor, pigments, and
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between others*
These findings show that increasing the storage temperature from

35.degree* F* to TO degree® F. significantly increased tend® remoter 

readingsf. .alcohol insoluble solid®, and starchy whereas higher storage 

temperatures decreased organoleptic values* green and yellow pigments* 

ascorbic acid, and total sugars. Variation of the storage temperature 

did not affect the Moisture and beta carotene content of shelled beans*

Prolongation of the storage period was accompanied by increases in 

tsndereaeter values and alcohol ■ insoluble solids content and decreases 
in the organoleptic values, ascorbic acid, beta carotene, green and yel­

low pigments and total sugars*. Moisture and starch content were not af­

fected significantly by storage duration.

In soiae cases, significant differences between varieties were es­

tablished* Concentrated Fordhook m d  Peerless produced significantly 

greater yields of shelled beans than Fordhook 2h2* Peerless had a 

significantly lower moisture content than either Concentrated Fordhook 
or Fordhook 2li2, and a significantly higher alcohol insoluble solids, 

beta carotene and total sugar content than the latter 2 varieties.
The following significant first order interactions-were founds 

(1) between time of harvest and duration of storage for tendsrometer 

values, alcohol insoluble solids, total sugars and pigments, (2) be­

tween variety and duration for tenderometer values, alcohol insoluble 

solids, starch, beta carotene and yellow pigments, (3) between harvest 

and varieties for alcohol insoluble solids, organoleptic tenderness,
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organoleptic flavor and organoleptic over-all grade, (1*3 between tem­
perature and duration for ascorbic acid and total sugars#

Useful correlation coefficients were obtained with tenderometer 

values and alcohol insoluble solids content, and with tenderemoter 

values and starch content for each of the 3 varieties* The multiple 

correlation coefficients failed to reveal any close relation of any 3 
or mo re variables to be useful for the evaluation of flavor#

For the greenhorns® studies, a 3 x 3 x 3 factorial design was em­
ployed# The variables were light intensity, night temperature and time 

of harvest, respectively* Seed were planted in a fertile soil mixture 

in coffee—urn jars on loveaber, 19^8* Seedlings were thinned to 3 per 

container* Data were secured on the yield of plants 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 (1*0 to l£ degrees F.) was fa­

vorable to the formation of relatively high contents of carotene, green 

and yellow pigments, ascorbic acid and total sugars, while the highest 

night temperature (80 to 85 degrees F*) was favorable to accumulation of 

alcohol insoluble solids and starch* • Both starch and alcohol insoluble 
solids increase'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 alcohol insoluble
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solids and tenderometer m d  between starch and tenderomdter for each of 

the 3 varieties are considered to be sufficiently close to use for pre­

diction purposes* The multiple correlation deterniiiations did not re­

veal m y  relationship that could fee used in evaluating flavor* However, 

this phase of the investigation did show the factors that influence 

over-all grade.* The objective tests on ascorbic acid, alcohol insoluble 

solids m d  moisture could be used in a multiple regression equation for 

the prediction of over-all grade on lima bean samples*

The phase of the study on environmental factors shows that nutri­

tive value of the lima bean can be increased by growing plants- under 

low night temperatures m d  decreased 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 this study*
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Table 2. Analysis of variance of data presented in Table !•

Source of 
Variance

i i Mean Square
: d. f. s 
s t Shelled Beans

22 Fresh Pods
Total i 35 i

2
2

Varieties
i j
? 2 i **1745.95 i **11276.74

Harvests
t s 
s 2 j **744.78 3 271.99

Replicates 2 $ 
* 3 I *297.71 j **2462.30

I I I
s : 
* 4 I 155,48 1 1238.94

f x l s 6 : *272.08 . *2281.31
I z l

3 2
2 6  f 54.69 3 501.75

Error
1 2 
2 12 2 _____£ M 2 _ _ 590.10

♦Significant at the 5-percent level
**S ignif icant at the 1-percent level
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Table 5. Analysis of variance of data presented in Tables 3
and 4.

«* Mean Square
Source of 
Variance

s
: d. f. Tenderometer

2
t Moisture

Total
1
2 82

s
1 
3
2Varieties

3
3 2 *♦1325.40 **181.47

Harvests
2
2 2 a **26264.90

8
3
I
:

**591.67
Durations

t
t 3 ♦♦617.93 25.34

Temperatures
s
3 2 *439.90

2
: 0.72

V x H
3
s 4 346.92

s
3 4.95

V x B
3
t 6 112.70

2
t 0.69

V x f
2
i 4 100.4&

2
3
2
f

2.75
E z D

3
2 6 # 123.03 9.35

H x T
i
t 4 155.80

S
3 0.23

B x T
2
3 6 U0.53

2
£ 1.88

Error JL.M __ 134.47
£
t 0.29

♦Significant at the 5-percent level
♦♦Significant at the 1-percent level
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fable e. Analysis of mrt&nee of data presented la Tables 4
and 7.

Source of 
Variance

i 4.
f

t Mean Square
i Insoluble Selide : Starch

Total t 34
S I 
i i

Harvests
s
s 2 i t **344.04

Varieties t
s 2 * **99.41 * **203.42

Durations
t
i 3 i **23.30 i 3.17

Temperatures
1
f 2 s *3*24 t *12.2?

B x f
■f
t 4 > *5.81 t 3.19

H x D
I
i 4 j *4.99 « 2.93

H act
1
* 4 i 1.47 * .94

V x D
I
t 4

t t
t *4.43 i **21.33

? x !
i
: 4 i 2.30 t l.U

0 x T
t
s 4

$ s
: 1.80 t 2.15

M T o r .1 4 5 ™
t i
t 1.93 x___2-3* _

significant at the 5-pereent level
^Significant at the 1-pereent level
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Table 10, Analysis of variance of data presented in Tables 9
and ?.

Source of
Variance

t d. f. t 
: :

Mean Sauare
Transformed 
Starch Data

1 Percent2 Starch Data
Total

s t 
t 84 z

2
I

Harvests
2 2 
: 2 : **217#84 2 **364.04

Varieties
2 8 
: 2 s ♦♦120*81 t **208.42

Durations s 3 s 0.98 * 3.17
Temperatures

2 2 
2 2 2 ♦7.46 2 *12.27

H x V
S I 
2 if 2 1*95 * 3.19

H x D
1 I
2 6 f 1.83 i 2.93

H x T
1 5

2 4 2 0.65 J 0.94
? x B

1 I
2 4 : ♦*12.86

2
t **21.33

V x T
1 I 
1 4 2 0.55 t 1.11

B x T
f 2
2 4 2 1.52 j 2.15

Error .» ._M _______L 2.00 i 3.36
♦Significant at the 5-percent level
♦♦Significant at the 1-percent level
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Table 13. Analysis of variance of data presented in Tables 11
and 12.

Source of 
Variance

:
s d. f.
t

j Mean Square 
: t 
i Ascorbic Acid * Seta Carotene

Total i m s
1
2

Harvests
s
: 2 s **80.02 i **3.29

Varieties : 2 j 7.24 * * 0.51
Durations

*

t 3 *
: **iO?.58 t **1.18

Temperatures : 2 : **29.77 j 0.25
H x V

*
5 4 s 2.16

s
{ O.C39

8 x 0
2
i 6 * 3.36 t 0.33

S x T
2
i 4 « 4.20 s 0.008

V x D
2
2 4 s 5.19 t 0.47

V x T
s
1 4

f: 2.81 t 0.06
O x ?

•

i 6
1
j **12.92 s 0.17

Error * _ y _ t 3.60 t 0.16
♦Significant at the 5-percent level
♦♦Significant at the 1-percent level



123

Table 15* Analysis of variance of data presented in 
Table 14.

Source of Variance t; d' f. |-
Mean Sqm re 
Total Sugars

Total i 79 s
Harvests ? 2 j 1.4*
Varieties

1 s
t 2 t ♦♦21.92

Durations t 3 f ♦♦29.34
Temperatures i i 

: 2 : *♦27.53
i x ? * 4 j 0.45
H x D i I : 6 i ♦1.47
i x T s 4 2 0.54
V x D

I 2
: 4 s 1*15

V x t
* s 
t 4 s 0.3S

D x T
2 5
: 4 i *♦3.31

Error
• 2
i 40 s 0.44

♦Sign if leant at the 3-percent level
♦♦Significant at the 1-percent level



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

Source of 
Variance

:
s d. f.

Mean Square
Green Pigment

2
s Tellow Pigments

Total
s2 85

:
2

Harvests
2
2 2 **1764.09 : **32.04

Varieties
2
2 2 210.94 2 1.53

Durations 2
s 3 **758.59 2 **18.55

Temperatures
2
2 2 *370.89 * **14.54

H x V
J
3 4 144.28

2
t 4.38

H x D
2
2 6 *204.12 ; **9.30

H x !
2
2 4 47.70 2 0.66

V x D
2
2 6 119.84 2 *5.51

V x T
s
2 4 27.29 s 1.50

D x T 2 6 130.29 2 2.91
Error i 46 81.18 : 1.90

*Signif leant at the 5-pereeni level
^Significant at the 1-percent level
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fable 21* Analysis of variance of data presented in fables 19
and 20.

Source of 
Variance

S I Mean Square
t d. f. i
s : tenderness

3
3 Flavor

total
s : 
t 69 *

$
3

Harvests
£ 3
« 2 3 **12.27 : 2.89

Varieties
3 3 
t 2 3 0.7® i 1.39

Durations
3 3
i 3 i ♦♦8.64

t
s **26.49

Temperatures
3 3 
S 2 3 ♦♦6.35 s **7.93

I x V 3 4 * ♦1.91 s *4.96
H x D

3 3 
3 6 3 0.62 » 1.93

S x f
3 1
3 4 3 0.83 s 0.64

V x D
3 3 
3 6 3 0.65 i 1.36

V x f
3 3 
3 4 5 0.25 t 0.16

D x f
3 3 
: 6 : 0*83 s 1.35

Error * _ .?P..I. 0.56 .!___ M L  ..
♦Sign if leant at the 5-percent level
♦♦Significant at the 1-percent level
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Table 24* Analysis of variance of data presented in Tables 22
and 23.

Source of
fariance

t
t d* f.
i t

Mean Sauare
Organoleptic 
Color Grade

t Organoleptic 2 Over-all Grade
Total

t t
t 47 t

farieties
I I
s 2 : *2.05 2 0.23

Harvests
i J
s 2 : **50.50 t **1.85

Durations
s i 
8 3 8 **28.84 1 **5.97

Temperatures
1 i 
I 2 : **8,47 * **1.73

¥ x H 4 * 1.03 « *0.38
f X 0

i t
8 4 8 0.18 $ 0.18

¥ x T
1 2 
2 4 2 0.43 t 0.04

H x D
* 5
i 4 : 0.85 i 0.21

H x f
t s
s 4 t 0.77 t 0.05

B x T
* I
2 4 t 1.25 t 0.23

Srror
2 2
2 28 2 ___°-j?7 ... . * 0.13

♦Significant at the 5-pereent level
**$ignif leant at the 1-pereent level
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Table 31. Analysis of variance of data presentad in Tables 29 
and 30#

t
Source of : 
Variance t

d. f.
Mean Square

Fed Held 
(in grams)

: Shelled 
t Bean Tield

2
Total i 26

t
:

t
Temperatures s 2 **143240.33 i **24699.73

2
Lights 2 2 *5955.14 s 142.78

2
Harvests : 2 **24035.67 i 121.27
T x L s 4 2355.78 * 39.78
! x l  » 4 3367.45 i 43.48
L x H s 4 2406.00 2 246*59

I
f x l x H .  errors 8 1180.34

2
s 204.40

♦Significant at tbs $-percent level
**Signif leant at the 1-percent level



12a

Table 37* Analysis of variance of data presented in Tables 35
and 36#

I Mean Square
Source of 1 
Variance :

d. f.
Yellow Pigments

2
: Green Pigments

j
Total 5 

Temperature :
17
1 ♦♦32**96

:
2
2
s ♦♦5212.20

•
Lights 2 2 
Tr 1 Y*(Tr 2 / Tr 3)s 1 6,63

X
x
: 257,07

2
Tr 2 vs Tr 3 t 1 ♦40.52

s
i 302.01

t
Harvests: : 
1st vs(2nd / 3rd) t 1 17,02

:
2
i *♦2786.09

2nd vs 3rd s 1 28.67
:
s 23.24

T x L i 2 13,34 s 29.64
T x H : 2 7,7 a X 121.07

X
L x H : 4 6.17 X 170.10

s
T x L x H (error) : 4 ..... 5,15____ -4 - - 129.27

♦Significant at the 5-percent level
♦♦Significant at the 1-percent level
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Table 42# Analysis of variance of data presented in 
Table 41#

3
Source of Variance :

3
d. f *  t~

Mean Square 
Total Sugars

3
Total t 2d i

i
Lights t

$2 $ 5.33
*

Harvests t
I

2 s 44.38
t

Temperatures! s
45®? w ( 65° r  i  «5%)>

X
X

1 X **325.31
60-65°? vs 80-85°? s

X
1 3 8.25

U 1  i
3

4 x 37.38
1 x T i

X
4 3 44.32

1 X T 3
s

4 s 25.25
X

L x H x T (error) j 8 x 24.24
♦Significant at the 5-percent level 
**3i#iifleant at the 1-percent level
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Table 45. Analysis of variance of data presented in Tables 43 
and 44*

*•
Source of t 
Variance :

d* f.
: Mean Square
i Alcohol 
s Insoluble Solids

••
3 Starch

2
Total s 24

i
:

8
X

$
Temperatures s 2 i **1345.37 t **473.35
Lights s 2 j 192*74 3 **217.03

I
Harvests * 2 t 52.15 3 84.31{
T x L z 4 2 150.47 j *88.30

T x K i 4 z 53*19 8 13.59
L x H i 4 i 30.40 t 24.09
t z L x  H(error) t a

2
8 44*04 3 22.55

♦Significant at the 5-percent level
♦♦Significant at the 1-percent level
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Table 43* Analysis of variance of data presented in Tables 46 and 47*

2 Mean Square
Source of 
Variance

d. f. s Plant Growth on t 
s Fresh Weight Basis t

Plant Growth on 
Dry Weight Basis

Total
: s

26 i :
Temperatures s

40-45°F (60- 
65°F f  80-85°F)

2 2 
s : 
2 2 

1 : **55263.98 2 6.82

60-65°F v« 
80-8S°F

2 2 
2 X 

1 2 235*44 2 •531*31
L ig it*  1 

Tr 1 vs (Tr 2 
/  Tr 3)

: 2 
2 X 2 s 

1 2 11436.6$ 2 **2031.36

Tr 2 vs Tr 3 1 1 1055*82 2 133.39
Harvests 2 2 5864.17 s 114.57
T x L 4 : 1538.03 2 25.53
T x H 4 2 1356.94 2 214.28
L x H 4 2 3567.67 2 235.52
T x L x H 8 2 3364.29 2 85.74
•Significant at the 5-percent level
••Significant at the 1-percent level


