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SOME FACTORS INFLUENCING POD SET 
AND YIELD OF THE LIMA BEAN 

Victor N. Lambeth 

INTRO DUCTION 
The problem of securing con~istent, satisfactory y i eld~ in varieties of the 

large-seeded lima type is one of great practical importance to the vegetable 
industry. Even in sections possessing idea l climatic conditions the yiel ds 
a re uncertain. Low yields are always associated with profuse dropping of 
the buds, flowers, and developing pods. It has not been established whether the 
environmental conditions concurrent with this abscission affect pod set di· 
rect ly through interruption of the fertil ization mechanism or by affecting 
other internal physiological processes within the plant. 

Most of the earlier investigations considered the inconsistent yields solely 
from the standpoint of unfavorable weather with little consideration being 
given to the physiological responses of the plant, and of the specif ic plant 
characteristics involved in the breeding and adaptation of new varieties. Only 
recently, investigators have focused attention on and have made considerable 
progress in correlating ' the differential frui ting responses with specific physio. 
logical characteristics of the plant. 

In spite of increased interest in the physiology of plant reproduction in 
recent years, research of this nature is yet fa r f rom adequate in providing 
the plant breeder with the specific information requi red in controlled breeding 
of types which are adapted to exacting envi ronmental conditions. Obtaining 
varieties and strains better adapted to adverse environmental conditions is then 
a problem of findin g breeding stock carrying germplasm expressing the 
necessary specific physiological characteristics. 

The southe&$tern section of Missouri has fo r many years produced an· 
nually several thousand acres of lima beans, principally the small·seeded va· 
rieties, for canning. The problem now arises as to whether the more finicky 
la rge·seeded varieties can be made to produce satisfactory yields in this 
section, and if so, what cultural practices are to be recommended. 

REVIEW OF LITERATURE 
Great advances have been made in plant improvement through breeding 

and selection. One of the major problems still remaining with many of our 
economic planl$ is unfruitfulness. The frequency of fruit failing to set 
~uggesl$ that the underlying causes are numerous and complex. 

One of the most comprehensive reviews on unfruitfulness of cultivated 
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fruits was given by Gardner, Bradford. and Hooker (31) · who elassified un
fruitfulness as associated with various internal and external factors . In 
addition to the internal factors mentioned in this review, it has now been 
established that certain other physiological factors ~ueh as internal nutritive 
conditions, hormone effects, and chemical composition influence fruitfulness 
by affecting the differentiation of flower primordia. 

In contradistinction to general unfruitfulness, sterility is important in 
any economic seed-producing plant. Self.ster ility, as herein referred to, is 
restricted to cases where viable seed is produced. A rather complete survey 
on self.sterility in plants for the period up to 1929 was given by East (26). 
This survey has very recently been supplemented by the work of Giles (32). 

Fruiting in Relat ion to Certain Climatic Factors 

Tempex-aturc and Humidity.-The low yields of the lima bean, par. 
ticularly the large.seeded type, have long been correlated with excessive drop. 
ping of the fl owers and young pods. This difficulty has, furthermore, most 
frequently been attributed to high temperature, low relative humidity, and 
soil moisture deficiencie~. 

Shaw and Sherwin (72) in 1911 and Hendry (39) in 1918 pointed out 
the climatic factors favoring pod set of the lima bean in the coastal area 
of southern California. These authors emphasized the great value of the 
night and early morning fog drifting in from the Pacific in "lessening the 
evaporation" and in " tempering the atmosphere." They observed that the 
vines grew vigoroudy and produced blossoIIL'l in profusion, but yield was 
poor when the humidity was low. If no fogs occurred for a week or ten 
days during the blossoming period, the small pods just forming abscissed 
without making seed. 

According 10 Cordner (22), blossom abscission of the Henderson Bush 
lima is associated with high air temperature and dry atmosphere. However, 
he states that the detrimental effect of these conditions will depend upon the 
time of occurrence and the dura tion of adverse weather. That the critical 
period for pod set is the early part of the blooming period was further sub· 
stantiated by Slinkley (10) who worked with the snap bean. 

From extensive experiments covering a period of several years Andrews 
(3) showed that with high temperatures and low relative humidity the plants 
fail to set pods and mature a normal crop of seed. but that under such con
ditions the Henderson (a small-seeded type) produces a greater yield than 
does the Fordhook (a large-seeded type). Howe,·er, when grown under 
relatively cool or moderate temperatures and relatively high humidity, the 
Fordhook often out· yields the Henderson. Andrews suggested, therefo re, 
that the inconsistent fruiting habit of the Fordhook is due to its adaptation 
to a relatively narrow range of weather conditions particularly during the 

OSee list of rdennees beginning on page 57. 
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fruiting period. He further implied that thi, adaptation is best explained by 
the larger root system and the more eHicient leaves of the Henderson variety. 

In a ,tudy of the ecre<:t of some environmental facto" on the set of pods 
and yield of white pea. beans (PluueolU$ t,ul&aru L.) in Michigan, Davi, (24) 
concluded that maximum temperature. influences the set of pods more thin 
any other of the facton studied and that the per cent set of pods can be pre· 
dicted from maximum temperature with a fair degree of accuracy. 

The length of the growing season also has been stressed as an important 
factor which influences the yield of lima beans. Allard and Zaumeyer (2) 
pointed out that there is considerable difference among the lima types aa 10 

the length of time required between planting and matu rity of the pods. Where
aa under field conditions the earliest bush varieties of the lima bean assemblage 
cannot mature sooner than 62 to 65 days, the earliest dwarf bush forms of 
Phueolus ,"ulgaris will nmture in 45 to 50 days. The pole varieties of lima 
beans are as much aa 15 to 20 days later than the latest pole varieties of 
Phaaeolua vulgarill. 

Light.-In a study to determine the cause of the lack of uniformity in 
maturity of the Henderson bush lima, Havis (37) demonstrated the importance 
of light upon the fruiting habit. He showed that if the planta are shaded for 
a few day, in the critical stage about 23 to 25 days after seedling emergence, 
there ill an elongation of the seventh and eighth internodes with a consequent 
twining of the main axis of the plant. The effect upon fruiting habit is to 
speed the maturity of the pods developing from the terminal inflorescence. 

The importance of light in regulating the phototropic orientation of 
plant leaves haa been described by Lundegardb (48) . 

Andrews (3) showed this phototropic orientation to be a factor in the 
adaptation of certain lima bean varieties to varying light conditions. He 
found that the Henderson bush lima (a small-seeded variety) was adapted to 
a wider varistion in light intensity than f ordhook (a large-seeded variety) 
for two reaaons. first, with an open type of plant, light was able to pene· 
trate to and uniformly illuminate most of the leave." of the plant ; s«ondly, 
due to greater phototropic orientation, the outer leaves were part ially pro· 
te<:ted from extremely intense sunlight. 

Subsequent to the important discovery of photoperiodism in plants, the 
"arietal relationship to photoperiod ecrecu in the genus PhaJeolu.s haa been 
summarized by Allard and Zaumeyer (2 ). They reported that considerable 
variability of response to definite photoperiod exists within the genus Phaseolus. 
Most belns of the species PhaseolaJ vuLsaris L. and Phaseolus iunalus L. 
are day·neutral. This particular behavior allows them to be grown over a 
great ran ge of latitudes, wherever other conditions are suitable. 

Another effect of photoperiod is that of determining whether a variety 
or species is bushy or twining in its growth behavior. The pole varieties of 
Phaseolus vulgari! were found to be twining and the bush varieties were 
bushy regardless of length of day but some of the semipole varieties became 
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bushy on the shorter photoperiods and twining on the longer ones. Most 
of the lima beans had a rather f ixed growth form regardless of the length 
of the photoperiod, but some of the bush sorts showed tendencies to develop 
the indeterminate habit of growth as the photo periods were lengthened. 

The characteristic of dwarf habit of growth of the lima bean is in part 
a response to certain conditions of environment. Bailey (6) in 1895 stated 
that the Burpee bush lima variety, normally behaving 8 5 a very dwarf sort 
and showing little tendency to climb in the field, developed an ex~sive 

vine habit, with stems becoming 5 to 7 feet in height when it was forced 
under glass in wintertime. 

Edaphic Factors m Relation to Pod Set With 
Particular Reference to Phaseolus 

Soil Reaction.-Hester (40) has shown that the acidity of the soil has 
an important influence on the growth of the lima bean plant. A ~H of ap. 
proximately 5.0 p rovided the desirable combination of nutr ients for the growth 
of lima heans on the Portsmouth soil type (Virginia) on which the plants were 
grown. 

Fertilizer Treatment.-The bean has proven no exception to other plants, 
both leguminous and non·leguminous, in the fact that excessive nitrogen 
fertilization serves to stimulate vegetative growth at the expense of fruit· 
fulness. However, with respect to a species comparison, Thompson (78) 
states thai the fertilizer requirement of the lima bean is similar to that of 
the snap bean, but it is prohable that the lima bean plant can use more 
nitrogen to advantage. 

As would be expected, the results obtained with fertilizer application to 
increase yield of seed are inconsistent, depending upon various other factor-; 
which may become limiting. Davis (24), working in Michigan with the 
white pea bean (Phaseolus vul garis L.) , found that fertilizer had no effect 
on the set of pods. He explains the inconsistency of annual response to fer· 
tilizer as a result of the limiting influence of high temperature at the .blossom. 
ing period. 

In general as with other crops, the fertilizer placement may requi re as 
much consideration as the rate of application and the fertilizer analysis. 
In a study of the effect of fertilizer placement on snap beans, lima beans, 
and peas in Virginia, Parker (61) obtained the highest yields by placement 
of the fe rtilizer in bands, two inches to each side and two inches below the 
level of the seed at the time of planting. 

In a study of the effect of split applications of nit rogen and phosphoru.i 
on the yield of the large seeded lima bean, Emmert (28) found that double 
drill ing of 500 pounds of 20 per cent superphosphate at planting time and 
before pod set gave the best results of any method of application. Further
more, he found that the only highly significant increase fOf nitrogen on lima 



RESEARCH BULLETIN 466 9 

beans was when the split application was used. Applications broadcast after 
pod set gave high plot responses. 

Comparative studies in New York by White·Stevens and Hartman (89) 
O,'er a three· year period on the effect of fertilizer placement and spacing upon 
yield of the Fordhook Bush Lima bean show that there was no advantage from 
applying the fertilizer in bands on either side of the seed row, either a t plant. 
ing or after "come· up" over the usual broadcast application, where the same 
analysis and amount of fertil izer was employed throughout. 

Yields were increased by increasing the concentration in the row of 
seed at planting up to two beans per 9 inches or one bean per 4'n inches 
which were equal in yield. 

The work of Tiedjens and Schermerhorn (79) on fertil izer requirements 
for lima beans in New J w;ey indicates that the Fordhook varielY has a rela· 
tively high requirement for nitrogen-higher than the small·seeded varieties. 
They obtained a large increase in yield of Fordhook by increasing the nitrogen 
from 32 to 90 and 160 pounds per acre. However, there WIIS no increase in 
yield of Jackson Wonder and Henderson from increasing the nitrogen above 
32 pounds per acre. 

Boron application as a soil treatment has frequently been reported to 
have increased seed yield of several economic species. Thus Grizzard and 
Matthews (34) reported that an application of borax (15 pounds per acre) to 
Ceeil sandy loam soil at Chatham, Virginia in 1941, increased the yield of 
alfalfa hay from 289 to 743 pounds per acre and resulted in yields of 82·184 
pounds of seed per acre, whereas the plants on the plots receiving no borax 
failed to set any seed. 

That boron treatments in the form of field applications may increase 
the dry lIeed yield of the lima bean ill shown by the work of Wellter and 
Magruder (86). They found that the addit ion of 5, 10, and 15 pounds of 
HlBOl per acre to Elsinboro sandy loam soil in Maryland during the 1940 
season one week before blooming caused a significant increase in the yield 
of dry lima bean seed from a large·seeded bush lima bean selection No. 
23·6·3. No significant increase in the total fres h weight of the plant was 
obtained. The H)BO, was diluted with sand and applied to triplicate plots 
25 x 30 feet arranged randomly in each block, by spreading the sand.H3BO, 
mixture on both sides of each row 8·10 inches f rom the plants. Control, S, 
10, and 15 pounds per acre of H, B03 produced a mean yield of dry seed per 
plot of 1860, 2034, 2236, and 2629 grams, respectively. 

Radspinner (64) and Smith (75) reported that blossom drop in the 
tomato is greatly increased by low soil moisture as well as by hot dry winds 
and low humidity. A lag of approximalely three aays was found between 
the time the temperature exerts an effect and the tinle that the effect becomes 
visible. 

Cochran (20) associated the dropping of buds, blossoms, and immature 
fruits of peppers with unfavorable water relations due to an insufficient water 
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~upply to the plant, or to excessive water loss as a result of high temperature, 
low humidity, excessh"e transpiration, or low soil moi~ture. 

Davis (24), working with the white pea bean in Michigan, foun d that the 
set of pods was not associated to any appreciable degree with soil moisture 
changes. However. he pointed OUI that this data was applicable within rather 
narrow limits of soil moisture as the amount of moisture in the soil did not 
reach a critical point either from the ~tandpoint of an excess or a too-limited 
supply. 

Maximov and Zernova (54), in a study of the stomatal activity of plants 
grown with and without irrigation, showed that the stomata of non-irrigated 
plants opened but little and only early in the morning while stomata of plants 
with a sufficient moisture supply were fully open throughout the day. From 
this study they proposed that the degree of opening of the stomata during the 
day could be used as an index of tne amount of water available to the plant. 

In summarizing one phase of his work, Andrews (3) stated that recent 
studies indicate that one of the chief reasons for the grealer dropping of blos
soms and pods and the inconsistent yield of the Fordhook may be attributed 
to its relath.'ely small root system in proportion to top. The Henderson and 
other high-yielding varieties possessed more numerous, and more extensive 
roots and a greater rool·top ratio, obtained more water from the soil, main
tained greater leaf turgor and more open stomates, and therefore maintained 
a higher rate of photosynthesis. As the evaporative power of the air increased 
and available soil water decreased (during drought) particularly during the 
blossoming period, the extent of the root system became increasingly im
portant as indicated by stomatal movement and pod drop. 

Plant Spacing.-Considerahle attention has been given to the problem 
of correct plant spacing in the commercial production of the lima bean. While 
there is some evidence (52,89 ) that close planting within the row is associated 
with high yields, other work (49) is contradictory. However, these reports 
indicate that the plant spacing factor may be more important with the large 
seeded sorts than with the small·seeded varieties. Obviously, the weather 
conditions prevailing during the growing season are important factors in 
plant spacing. Thus, Odland, UniOn, and Ll·Paang Fi (60) report on in· 
verse relationship between spacing within the row and the total yields per 
acre obtained in good weather fo r the Fordhook 242 and Thorogreen va
rieties on three different soil types in different counties of Pennsylvania. 

Crop Rotations.-In many respects, the principles which apply to crop 
rotations with other economic agricultural crops should a lso apply to the 
l ima bean. However, according to Smith, Holland, and MacGillivray (73) 
long continuous cropping of lima beans on fertile soil does not result in a 
decrease in yield. They pointed out that after forty.five years of continuous 
cropping with lima beans on the same soil in the lima bean a rea of California, 
lhe yield has not declined. The explanation offered is that the available nitro
gen supply is replenished by the action of the lima bean nodules, providing, 
of course, that the other essential elements are present in abundance. 
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Morphological Characteri5tics in Relation to Reproduction 
Leaf Area, Leaf Structure and Stomatal Frequency.-Numerous investiga

ton including Zalenski (94). Yapp (93) , Timmerman (BO), Salisbury (66), 
and Smilh (74) have studied the leaf size, structure, and position on the 
plant in relation to the physiological responses of the plant. As a result of 
this work it hu been established in general thai &haded leaves are thinner, less 
dense in structure, and have a lower stomatal frequency per unit area than 
sun leaves. 

Working with the tomato, Gustafson and Stoldt (35) found that the 
efficiency of the plant in setting fruit is highest when the leaf area per fruit 
is small. After setting, however, the size of the fruit is increased by a larger 
leaf area. 

With respect to the rtlationship in the lima bean, Cordner (22) found 
a direct correlation between the size of the plant of the Hender$On variety 
and the yields. 

Andrews (3) in a comparison of the morphological and physiological 
plant characteristics of large and small lima types and from results of de· 
foliation and depodding experimen~, concluded thut the products of photo-
6ynthesis frequently, and probably usually limited pod set afler the first 
two weeks of blossoming and thereafler the development and final yield of 
pods. However, the relation did not hold true for the early pod set, during 
which time pod set was governed more by water relations than by leaf area 
or the products of photosynthesis_ Likewise, in cues of crowding and over
vegetativeneu of the large-lima type, pod Set and yield were inversely pro· 
portional to leaf area_ In addition, by means of shading experiments, Andrews 
demonstrated that an open type of plant (such as thl! Henderson variety) was 
capable of protective phototropic orientation in intense sunlight but at the 
same time allowed light to penetrate to the inner leaves of the plant, and 
thereby pro\ided for a wider adaptation with respect to light. 

In a recent paper Davis (24) concluded that the correlation between 
leaf area and yield of the white pea bean is not constant, and may be either posi. 
tive or negative depending upon the weather conditions at the time of pod 
formuion. 

Size and Distribution of the Root System.-According to Pearsall (63), 
root weight is proportional to top weight ror any species under constant 
environmental conditions. However, Weaver and Read (84), and Crist and 
Stout (23) &howed that the growth rate of roots relative to tops can be 
modified by edaphic facton, temperature, light, and other environmental 
facton which influence the rate of top growth. 

Several investigaton, including Maximov (53), have stressed the desir
ability of an extensive root system as a means of drought escape. 

Andrews (3) established the root-top ratio as an index of the adapta. 
bility of certain lima bean varieties to various ecological conditions. He at
tributed the inconsistent yields of varieties of the large lima type under un. 
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favorable environmental conditions to an unfavorable root-top ratio. Under 
conditions where moisture supply to the plant is limiting, the cells are flaccid 
and the siomates closed. He further found these conditions to be favorable 
to a lowered photosynthetic rate. 

Other Morphological Faa:or5.-Katz (43) working with various flower_ 
ing plants such as petunia and snapdragon. observed that under natural con· 
ditions the stigmatic fluid is indispen~hle to successful pollination, its 
function being protection of the pistil and pollen from dessication rather 
than any chemical stimulus. Through it$ content of oil the stigmatic fluid 
decreases transpiration and holds the necessary moisture for the 81'o .... th of 
the pollen tube. Secretion was stimulated by light and heat. Where secre· 
tion was inhibited by darkness and low temperature, no pollen germination 
occurred on the dry stigma. Removal of the stigma did not prevent pollination 
provided secretion was present on the cut surface of the style. In many 
species almond oil was found a satisfactory substi tute for stigmatic fluid 
when placed on the stigma., but in artificial cultures it was found necessary 
to have water present with the oil to insure pollen development. Tubes in 
this artificial mediwn were short and quickly flattened at the growing tip. 
A piece of stigma of the same species added to the oil culture increased germ· 
ination in most case!. 

The course of development of the embryo sac and of the embryo in 
Phaseolus vulgaris has been described in detail by Brown (16) . 

Giles (32) in a cr itical study of the morphological aspects of self· 
sterility in Lotus comiculatus L., demonstrated the presence of a st igmatic 
film which acted as a barrier to cross· and self.pollination. He further describes 
the detailed anatomical features of the flo ral organs which play an im· 
portant role in the pollination mechanism. The structure of the keel in this 
species favors autogamy by making the stigma receptive by causing rupture 
of the stigmatic film and by stimulating secretion of stigmatic fluid. 

Internal Physiological Factors 

Vegetative-Reproductive Relationships.-Investigators of the relationship 
existing between vegetative growth and reproduction in plants have generally 
concerned themseh'cs with the effect of various internal factors on fruit 
bud differentiation. This review, however, is limited to certain relationships 
found subsequent to fruit bud differentiation, since an abundance of flowers 
is normally produced on the lima bean plant. 

In general, fruit set and development of seed and fruit have been found 
10 retard vegetative growth and may also limit furthe r reproductive activity. 
Mumeek (57) pointed out a case of intermittent sterility in the spider flower 
as a direct effect of fruit set. Periodicity of sett ing of fruit has also been 
reported in other plants (18). The bean plant has been shown to be no 
exception in this respect. Cordner (22) found that bean pods on the base 
of racemes reduced fruit set toward the apical end and that apical set was in· 
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ereased by ba.sal defloration. Furthermore, he fo und that early blooming 
racemes were more fru itful than later blooming ones, and stressed Ihe im
portance of &eCuring an early set. He states thai fruit setting follows unti l II 

"capacity set" is attained; the remaining reproducth'c structures are disposed 
of by ahlci.uion. 

McCollum (5 ) noted the inhibitory infl uence of growing fru its was not 
characteristic of parthenocarpic fruits. He believed this inhibitory effect 10 
be due to growth regulating substances produced by the ferti lized ovules. 

Austin (4), in a study of the effects of defloration on the metaboli! m of 
the soybean plant, found that growth SlOpped about the time the frui ts de
veloped. However, vegetative development was not increased by defloration, 
as growth ceased simultaneously in deflorated and control plant!. 

In an attempt to ~rrel a te pod set with the chemical composition of the 
plant extract, Wolf (92) compared the concentration of various mineral ele
ments in the tissue of poorly.set plants with that of well-set plants. He foun d 
that well·set plants had substantially hi gher roncentralions of nitrate nitrogen, 
potassium, availlible calcium, and magnesium but less available phospboJU5 
than poorly-set plants. The concentration of nitrate and of available cal· 
cium in the main stems were closely associated with seed set. In general. a 
nitrate concentration of 2,250 to 4,000 parts per million and a calcium con· 
centration &hoye 9,000 parts per million in the main stems ..... ere associated 
wi th good set. Considering both soil and plant teat!, it was shown that plants 
containing a good supply of calcium and grown on soil with a fair to good 
supply of organic matter had a good set in all cases. 

Andrews (3), in a comparison of the chlorophyll content of the lesves of 
Henderson and Fordhook varieties, found the concentration of chlorophyll, 
expressed on both fresh weight and leaf area basis, of the Henderson leaves 
after the eady seeding stage to be con.5istently high~r than that of the Ford
hook. While the chlorophyll content may have some hearing on the efficiency 
of light utilization, the physiological effect on pod set i.5 not clearly established. 

Effects of Growth-Regulating Subnances on Ovuy and Seed Develop
ment.-There now exists an abundance of literature pertaining to the effect 
of growth·regulating substances on fru it de,·elopment. In recent years the 
use of the synthetic growth.regulating substances has become widespread 
in effecting "set" on several economic plants. This review is limited largely 
to the specific effects on ovary and seed development in a relatively few 
plant species. 

The time of application of the growth-regulating substances has been 
found to be very important. In general , application one or two days prior 
to pollination has resulted in the production of seedless or partially seeded 
fruits and reduced yields (14, 19, 82, 65) whereas app lication at the time 
of pollinat ion or shortly thereafter. results in parthenocarpic development 
wi th increased yield but fewer seed in a number of Illant species (41, 17,38). 

The effect on ovary and $(:Cd development also varies with the species., 
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even within the genus Phaseolus. Applicat ion of growth.regulating substances 
as aqueous sprays and dusts to green bush bean plants after the flowers be
gin to open often increase the yield of pods. apparently by reducing flower 
bud, flower, and pod drop and by stimulating pod development (30, 58, 91). 
The ncrage number of seeds per pod, however, is less in treated pods than 
in untreated pods, indicating a depressive effect on seed formation. 

It is evident from 'the preceding statements that the applicatioh of growth. 
promoting substances cannot be expected to increase the seed yield of a plant 
unless it prevent! abscission of the fl ower buds, flowers., or immature pods. 
In no instance can these suhstances substitute for fertilization but they may 
fa vor fertilization indirectly by retarding absciuion. Another indirect bene· 
ficial effect is exemplified in the cue of self·ste rile plants of Petunia. Eyster 
(29) reported that self·sterile plants of Petunia produced viable s«d follow. 
ing the application of a solution of alpba-naphthalene acetamide at a con· 
centration of ten parts per mill ion to the open flowers . He believed that 
the growth substance neutralized the inhihitory action of an ovarian se<:re· 
lion responsible for retarding pollen tube growth in the style. 

Since excessive dropping of blouoms and small pods of the lima bean 
is often di rectly responsible for reduced yields, several investigaton have 
tried growth-promoting substances on limas with the hope of delaying ab. 
sciMion and increa.sing yield (36., 87, 88, 91 ). However, in only one in
stance was the yield of bean seed reported increased by hormone treatment, 
and in this case a very unique technique of application wa.s employed. We!!
tet and MarLh (88) reported that when the base of the lima bean fl ower 
was scratched with a dissecting needle and the growth.regulator mixture 
(indolebutyric and patachlorophenoxyaoelic acids) in lanolin paste was then 
pressed into this area, the growth regulator entered the fl ower and the pedicel 
and affected their development. The majority of ahscissed treated flowers 
remained attached 2 to 3 days longer than ahscissed untreated flowers. Under 
the conditions of these experimenu, the growth regulator treatment caused a 
significant increase in pedicel d iameter of mature pods with an increase in 
the number of successful crosses from 18.7 per cent to 28.8 per cent. It 
also caused a significant increase in the a \'erage number of seed per pod, 
from 1.95 to 2.43, and doubled the number of seeds per pol1jnation. A pro
cedure employing this technique would, of course, be impractical in commer· 
cial lima bean production. 

In a reoent paper, Whiting and Murray (90) pointed out that the avail. 
ability of a source of auxin or growth substance is associated with the delay 
in ab5Cission. They suggested that inasmuch as ant i·auxinic activity bas 
been attr ibuted to 2, 3, 5-triiodobenzoic acid and this substance induces abo 
scission in bean plants that reduction in auxin levels may be associated with 
the induction of abscission. 
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PoU~n Germination 
A comprehensive review of the literature on pollen germination revealed 

very little work on the germination of Leguminos.e pollen until the eighteenth 
century. However, it is to be noted that even the earl iest references attested 
to the specificity of bean pollen to very exacting germination requirements. 

Sandsten (68), working with numerous species reported germination in 
sucrose, glucose, lactose, levulose, maltose, dextrin, glycerine, olive oil, gum, 
and decoctions of styles and stigmas. However, he foun d the rubber bean 
to be very specific in its germination requi rements as it germinated succ:essfully 
only in olive oil. The optimum medium for pollen germination was found 10 

vary with the species and each species was quile specific in its optimum. 
Although many techniques have been developed for the study of pollen 

viability and pollen lube growth in vitro, no reference was found to work in 
which consistent germination has been obtained with lima bean pollen. 

Andrews (3), after trying various media by several different techniques, 
concluded that lima bean pollen requires a certain stage of maturi ty before 
removal from the blossom if germination occurs at all. No germination was 
found by the end of 48 hours where the pollen was taken from unopened 
white blossoms. 

Jacob (42) made a very extensive study of artificial germination of lima 
bean pollen, using combinations of several varieties, media, and techniques. 
Although he did not in any case report entirely satisfactory germination, 
the best results were obtained with a 50 per cent honey and water solution 
using the hanging drop technique in a van Tieghem cell. Light (photoperiod) 
had no significant effect on pollen germination. Jacob further stressed the 
importance of accurate temperature control in these germination experi. 
ments. 

It has been aceepted by most workers that the physical properties of 
the basal medium, particularly the moisture supply, is a very important 
factor in pollen germination. Thus Martin (50 ), after many unsuccessful 
attempts to germinate the pollen of Trifolium pralensc in different sugar and 
acid solutions, discovered that this pollen germinated readily on moistened 
hog bladder or parchment paper. Consequently, he concluded that pollen 
germination in this casc was delicately adjusted to water absorption and that 
the stigma functioned only to control the waler supply. 

The intricate and extremely variab le growth responses of pollen has 
been described by several workers of pollen physiology. In his extensive 
investigations, Brink (11, 13) found that germination and growth of the 
pollen of many species occurred on widely different concentrations of sugar, 
the tubes apparently being permeable to sugar solutions. Sugar was sug. 
gcsted as the source of carbon for growing tubes, the ~tored material in the 
grain being too small to account for the volume of the tube and the contents. 
Inorganic nitrogen supplied in the form of soluble sa lts was found to check the 
growth of tubes. food stored in Vinca minor pollen was in the form of fa ts. 
At the tube elongated this material was carried fo rward in the tip region. 
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In many cases it has been found neee!>sary to add stimulant! to the basal 
medium to obtain satisfactory pollen germination; in other cases the results 
with stimulants are either negative or inconclusive. The most COmmon and 
effective stimulant added by the earlier workers was either the gynoecium 
or an extract of the gynoecium of the same plant. Brink ( 12 ) found that 
the addit ion of Taw potato juice and extract! of gynoecium parts to artificial 
media regularly incrttises the growth of pollen tubes. He attributed the 
hunting of tubes in artificial cu ltures to osmotic action. Pollen tube growth 
was markedly depre!sed in the presence of smal l amounts of various inorganic 
salts or ..... hen sea water is added to the culture medium in concentrations as 
low as 12 per cent. Moreover, he attributed the difference in form of the 
growth curves of pollen lubes growing in vitro and in vivo to be the result 
of the difference in the wlter relations in the two cases. Increased growth 
on culturing pollen on yeast and in yeast free media is interpreted as the 
result of the more complete utiliution by the groups of some diffusihle 
growth. promoting sulYltance or substances. Tips of pollen lubes cut off 
from the older portions by ca llose plugs were found capable of independent 
growth. 

The chemotropic dfect of stigmas and ::lther flower parts on the growth 
of pollen was observed by Molisch (56) as early as 1893. Subsequer.t in· 
vestigations have shown many cases of similar responses. although they are 
not universal. Brink (12) noted that growth of pollen tubes is enhanced 
by clustering of tI.e grains. This grouping he observed with many species; 
in fSCI , none of those tried failed to respond in this way. Brink reported, 
furthermore, that germinstion is quite frequently much more profuse when 
the grains s re grouped closely together. 

There is little information avai lable concerning the effect of weak con· 
centration! of growth.regulating substances on the development of the male 
gametophyte. High concentrations, however, appear to arrest development 
and prevent pollen shedding (33, 81). 

Several workers have reported stimulatory effects upon germination of 
mature pollen grains when these substances were added to the media. Addi· 
colt (1) and Smith (76, 77 ) presented data which ind icated that pollen 
germination on sugar agar medium was favored by the addition of growth 
promoting suhstance!. Concentrations of indole.3.acetic, indole.butyric and 
naphthalene-acetic acids weaker than 20 ppm. were favorably simulative. but 
all stronger concentrations were toxic, as indicated by decreased germination, 
bUl'9ting and distortion of tubes. 

In addition to the growth promoting substances, pollen germination is 
often favored by the addi tion of inorganic sa lts, especially of the minor 
elements. However, as compared to the growth·promoting substances, the 
action of these salts appears to be more specific. Of the trace elements, 
boron has most f requent-ly been reported as affect ing pollen viability both 
in vivio and in vi tro. 
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Babko and T~er1ing (5) found the concentration of boron to be higher 
in the stigma and pollen. Application of boron in the form of H3BO, and 
borax in the hanging drops of sucrose resulted in a considerable increase 
of poilen germination with msny ~pe<:ies. The highest percentage germina. 
tion occurred in the .001% solution of boron. Other minor elements tried 
were less effective than boron. The pollen of reJ clover plants fertilized 
with boron 5howed under field conditions increased germination as compared 
with the pollen of plants which had not received such treatment. The treatment 
of plants with boron fertilizer resulted in a greater effe ct upon the yield 
of their seed than of their vegetative mass. 

Blaha and Schmidt (9) report a great stimulatory effect of boron on the 
germination of pollen in fruit trees. Sugar media pl us 0.OOO5%> of borl:( is 
said to have increased the percentage germination of pollen of cherries and 
pears several thousand times on some occasions. Furthermore, the pollen 
tubes were found to be much longer in the boron media. 

A possible CJCplanalion of the way by which boron increases the yield 
of seed plants may be revealed by the work of Schmucher (71 ) on the 
physiology of pollen germination. He found in general that concentra· 
tions of HIBO, belween 0.001% and 0.01% were favorable for increased 
germination percentage or pollen tube growth, generally both. The author 
inferred that boron in !Ome manner provides better water rela tionships and 
prevents bu~ting of the pollen tubes during germination. 

Much of the variation in pollen growth can apparently be eliminated 
by careful selection of techniques and by giving special attention to the 
selection of pollen. Although many of the phYl!iological pollen studies 
have previously been made by the hanging.drop technique (12, 83, 21, 76) 
later experiments show that much better results can be obtained with the 
sugar·agar technique of Eigsti (27). 

In order to eliminate variations in the phy, iological re;ponse of pollen 
from different flowers and from different anthers of the same flo""cr in 
studying the effect of test substances in the media, Smith (77 ) used only a 
5ingle flower and combined the pollen from all the anthers of this fl ower 
to form a mixture from which the pollen ill a test series was taken. In this 
manner, consistent germination responses were oblained. 

Some Applications of Phenology to Agriculture 
The science of phenology has important practical applications to agricul. 

ture since it provides a thorough understanding of the degrees of harmony 
between climate and the vegetative rhythms of plants and enables the grower 
to better control the phasic development of the plants and to shift the "critical 
periods" (van de Sande·Bakhuyzen) (67) of plant development 10 a time ..... hen 
better climatic conditions prevail. 

Although the climates of certain areas have their optimum and erratic 
periods, it is possible to establish an average sequence of climatic phenomena 
-the so·called phenological mean. This phenological mean places on a 
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statistical basis the probabilities of the availability of the eeological facton 
such as moisture, temperature, and light at given inter vals throughout the 
year. Of most importance, agriculturally speaking, are the months of the 
growing season, especially that portion in which economic seed-producing 

plants blossom. 
In a general way, Werneek (85) suggests the application of phenology 

to aid agriculture in the following problems: 
(1) in avoiaing unfavorable or erratic climatic periods by shifting the 

planting date (and hence the blossoming date) 
(2) in conserving II limiting factor by the initiation of special cropping 

systems 
(3) in providing a basis for variety adaptation to existing climatic can· 

ditions. 

THE PROBLEM FOR INVESTIGATION 

The objectives in this investigation were as follows: 
(1) to determine more specifically the morphological and physiological 

factors associated with pod set in the lima bean with particular 
reference to the newer varieties of the large.seeded type. 

(2) to compare adaptation to controlled environmental factors of newer 
variety introductions with the long.established varieties. 

(3 ) to fi nd some practical treatment C<lntributing to satisfactory, con
sistent yields of large-seeded l ima bean varieties. 

(4) to apply available climatological data to culture practices in grow. 
ing lima beans in Southeastern Missouri. 

To accomplish these objectives an intensive investigation of the morpho. 
logical and physiological characteristics of representative lima varieties was 
required together with a consideration of their interactions with climatic 
factors. In order to comprehend more completely the problems in pod 
set in the genus Phaseo]us, it was desirable that some work be done with 
the bush snap bean. 

MATERIAlS AND METHODS 

General 

During the two-year period of this investigation, severa.l varieties of 
lima beans were grown both in greenhouse culture and under field condi· 
tions. In this manner floral abscission and pod set was observed over a wide 
range of climatic and edaphic conditions. The external factors included 
in this study were temperalUre, relative humidity, light intensity, soil fertility, 
and available soil moisture. 

Field studies were made at the Vegetable Research Farm, Camphell, 
Missouri and at the South Farms and Midway Farms at Columbia, Missouri. 
This provided a wide range of soil types and dh'erse climatic conditions. 

The field work was carefull y correlated with controlled experiments in 
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the greenhouse ranges. For the controlled temperature studies, a specifically 
designed greenhouse wu used. This equipment has been described in detait 
by Brown (15). In general, it consists of a small greenhouse whose longi. 
tudinal axis lies east and west, nnd which contain!> [hue thermo· regulated 
growth chambers designed to operate simu haneously and provided wi th in· 
dependent control of ai r and soil temperatures. The temperature control 
consisted of maintai ning constant air temperatures around the culture vessels. 
Maximum variations in temperature of :2:3 ' F. from the desired values 
occurred due to the mechanical limitations of the equipment. Howe\'er, 
these fluctuations were always of very short durat ion. Natural light W85 

admitted to the plants in the usual manner. and the light conditions were 
fully comparable in the three chambers. No supplementa l light was applied. 

The temperature and humidity me&suremenl$ for the individual experi. 
ments were secured from Frit:!: recording hygro·thermographs placed at the 
level at which the plants were growing both in the greenhouse and in the 
field. The hygrometen were calibrated by comparison with readings of a sling 
psychrometer. Continuous readings of the available soil moisture were 
obtained by the use of soil moisture tensiometers purchased from a reputable 
irrigation supply company. An official Weather Bureau pyrheliometer 10· 
cated in the greenhouse area furnished continuous light intensi ty records. 

Commercial seed stock was used in all experiments with the exception 
of the controlled temperature experiments. In th ia ease pure line seed was 
obtained from Dr. R. E. Wester of the United States Department of Agricuhure. 

Histological Technique 
The material for examination and sectioning was killed, f ixed, and stored 

in FAA (formaldehyde., acetic acid, ethyl alcohol). 
The preparation of temporary mounts for examination of the young 

pods for pollen tube growth and fertilization was facili tated by sectioning 
longitudinally with a freezing microtome. 

For the more detailed studies and fo r the preparation of permanent sl ide 
mounts, the pistils were embedded in paraffin. Dehydration for embedding 
was accomplished by a graded .series of alcohol solutions. After dehydrating, 
the material was run up in absolute alcohol·chlorororm mixtures to pllre 
chloroform and embedded in Tissuemat (mp. 52·54' C ), employing the 
method described by Saas (69). Longi tudinal sections. 16 microns in thick· 
neu, were cut on a rotary microtome and mounted on clean slides. These 
sections were then stained with lacmoid·martius yellow stain by the technique 
described by Nebel (59 ). Slight modifications in technique. however, we~ 
required to adapt the method to the material being studied. 

Lacmoid was made up in a one per cent aqueous solution and martius 
yellow in one·half per cent aqueous solution. To prevent chemical break. 
down the solutions were kept separate in tightly stoppered bottles and fresh 
mixtures were prepared each time immediately before use. The stain was 
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mixed by fil ling a staining jar approximately four.fifths full with martius 
Yellow solution and adding lacmoid solution until a dark green shade 
developed. 

After removing the paraffin with two changes of xylol, the slides were 
run down through an alcohol series to tap water, stained in the lacmoid· 
martius yellow mixture for 2 to 3 minutes, destained with lap water, and 
mounted in distilled water. The pollen tube walls were stained yellow and 
the callose plugs were stained a briJljant blue. Observations were made of 
pollen lube growth in the lower style and in the ovadltn tissue and a written 
record kepi of these observations for the various treatments. 

The study of fert ilization and early embryo development in these same 
sections necessitated a second staining technique. After the observations 
described above were completed in the water mounl!; , the cover glasses were 
removed by standing the slides in jars of tap water. After destaining corn· 
pletely with a 50 per cent alcohol solution and washing With tap water the 
sections were stained with Delafield's haematoxylin and safran;n. 

The slides were dipped in and out of the haematoxylin sta in fo r ap. 
proximately one minute, washed in l large volume of tap water (pH ap· 
proximately 8.0 ) and placed in 50 per cent alcohol for 5 minutes. From 
alcohol the sections were counterstained wi th safran in, destained in 95 per 
cent alcohol, washed with absolute alcohol, cleared in carbolxylol and 
mounted in balsam . 

EXPERlMENT AL RESULTS 

Field Experiments 

Correlations of Pod Set with Environmental Factors T endergreen Snap 
Bean, Campbell, Mo., 1949.-Green snap beans of the Tendergreen variety 
were grown during the summer of 1949 on a Lintonia fine sandy loam at 
the Vegetable Research Farm at Campbell, Mo. The fertilizer application 
was made on the basis of the degree of base saturation as previously deter· 
mined by chemical tests on several representative soil samples. For this 
particu lar experiment the on ly nutrient varied was nitrogen. The following 
experimental levels of nitrogen were established : 100, 200, and 400 pounds 
per acre. Since the soil tested 20 pounds of nitTogen pCl" acre, 80, l BO, 
and 380 pounds of actual nitrogen was added (per acre basis) as NH.NO~ 
(33!1%) to establish these levels. A randomized block arrangement was 
used in the experimental design, the plol!; (35' x 14') appearing in replica five 
limes for each of the three nitrogen treatments. The plol!; in all three nitro. 
gen treatments received 80 pounds of nitrogen as a plow.down application. 
In addition, the 200 pound nitrogen level received three 'ap plications of 33>1 
pounds nitrogen, and the 400 pound nitrogen level three applications of 
100 pounds nitrogen a~ side dressings on the followin g dates: June 20, July 
7, and July 25, 1949. Other fertilizers were added to give an experimental 
level of 265 pound P ~OJ per acre, and to provide saturation levels of the 
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other principal nutrients as follows: calcium 70.7 per cent, magnesium 8.8 
per cent, and potassium 5.4 per cent. Sulfur was applied with the mag· 
nesium as magnesium sulfate. Minor elements were lidded in the form of 
Es·Min·EI at the rate of 50 pounds per acre. 

In order to determine accurately the number of flowers produced lind 
the set of pods, a daily record was kept of the development of each flower 
for 40 plants in each treatment. In collecting this experimental data, the 
individual plant records were always taken from one of the three center 
rows with a check row to either side in order to minimize the possibi lity of 
fertilizer effects from adjoining plots. The task of record keeping was fa· 
cilitated by the- use of jeweler's tags to mark the flowering racemes on the 
individual plant and also by a chart record of each flower on each receme. 
By such a procedure it was possible to determine ",hether a flower had set 
or dropped by the third day after anthesis. This record was maintained 
tbroughout most of the blossoming period (July 3 to July 21). 

From the data taken the following correlations were made on a sta. 
tistical basis: percentage set at the three nitrogen levels with mean daily 
temperature and with mean daily re1ath·e humidit)·. In addition, anthesis 
of the flowers was determined for the three nitrogen levels for the recorded 
flowering period. This data is shown in Tables 1 and 2. 

Di.scu$$wn of Resu/,u.-Correlation of pod set in the snap bean with 
air temperature and relative humidity. The correlation coefficients calcu. 
lated between per cent set of pods and mean temperature. per cent set of 
pods and mean relative humidity, are reported in Table 2. The mean tempera. 
ture was taken fo r the 24.-hour period following anthesis of the flower. Mean 

TABLE 1··DAlLY ANTHESIS OF FLOWERS AND PERCENTAGE POD SET OF THE 
,ENDERGREEN SNAP BEAN IN RELATION TO ATMOSPHERIC TE MPERATURE 

ANDRELATIVE HUMIDITY VEGETABLE RESEARCH FARM CAMPBELL MO 1S49 . , ,. ., 

• • u Mun Average No.of no ... eu Per Cent of Total .... "". M, Rl!lilUve per Plant Openln, on F1o~ers Setting Pods ,., ~m T. ",p. Humldtty 
19411 p,"""" f F. ) '%l lOOlN 200IN 400i N 1(lOIN 200lN 40011'1' 

7/3/0 " .... .... 0.43 0.24 0.36 .... .... . ... 
1/4/49 ~ 81.6 70.6 0.68 0.40 0.12 .... .... . ... 
7/5/49 " SO.~ 79.2 0.88 ,.~ 0.80 25.0 .... _ ... 
7/6/ 49 " 17.3 91.1 0.78 O.EO 0,72 31.0 ~O.O 40.0 
7/7/49 " 77.6 89,0 0.84 0.52 0.48 20.0 22.2 30.7 
7/8/49 " 79.0 88.2 0.80 0.72 0.88 15.0 .., <, 
7/&/ 49 " 84.8 75,5 0.68 0.40 0.24 1 s. S 14.3 '-' 
1/10/49 " 79.4 85.0 0.96 0.52 0.56 11.7 33.3 " 1/11(49 " 77.7 86.8 1.24 0.84 0.80 13.6 33.3 22.2 
7(12( 49 " 79.8 80.1 1.80 '-" 1.20 .. , <, ., 
7(13(49 " 79.4 81.0 2.80 L." '-~ 13.6 ., U 
1/14(49 " 83.0 No Rl!cord 2.48 L.U 2.92 11.1 ,., ., 
7(15/49 " 78.0 82.5 2.16 2.52 2.18 ••• 15.0 '-' 
1(16(49 " 75.0 88.0 2.H ' .M , ... 37.9 47.5 20.0 
1(17(49 .. 78.0 83.1 3.52 US 2.80 40.0 39.3 17.6 
7(18(49 " 75.7 83.5 2.52 2.44 2.44 34.6 42.8 39.2 
1/U(49 " 76.5 81.0 3.88 2.88 2.64 49.3 53.5 45.4 
7(20(49 .. 81.1 79.0 3.38 2.16 1.28 23.6 23.0 30.8 
7/21/49 " 81.2 74.S 4. 12 2.56 2.24 30.6 44.7 44,3 
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temperature rather than the maximum temperature was used on the an ump
lion that the mean «:presented a better index of the intensity heat factor 
and therefore of the physiological reactions of the plant providing, of course, 
that critical temperatures were not reached. The re~u lts would appear more 
striking had the maximum temperature been used. 

The data in Table 1 show a significant relation between the per cent 
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set of pods and the mean daily temperature. It appears that when the mean 
temperature for the 24-hour period following anthesis is above 78· r ., the 
pod set is materially reduced. A mean temperature of 78" F. usually repre· 
sents several daylight houn in which the air temperature is greater than 90" f, 
This inverse relationship between temperature and pod set is clearly shown 
in Graph 2, The rel at ionship varied also wi th the nitrogen level, being 
significantly different only at the 100 and 200 pound pe r acre ni trogen 
levels, Furthermore, significance for the lower nitrogen level is at the 1% 
level as compared to the 5% level for the medium nit rogen level , The fail· 
ure to correlate with temperature at the high ni trogen level is more adequately 
explained in the next section of the dissertation in which an immediate detri· 
mental effect on pod set is shown by side·dressing appl ications at the highest 
nitrogen level. It may be that this detrimental effeet muks the effect of 
high temperature. 

The data shows no significant correlation between pod set and the mean 
daily relative humidity. Hov .. ever, it should be realized that the humidity 
during this period was in a favorable range (70.91 % ) and was probably 
in no case limiting pod set. 

from a comparison of anthesis at the three nitrogen levels. it is ap· 
parent that more fl owers opened at the 100 pound nitrogen level than for 
tbe other levels. As seen in Graph 1, this tendency increased as the blOMom· 
ing season advanced. Small variations in anthesis rate occurred, however, 
at the higher nitrogen levels. Most rapid flowering for this period com· 
menced about 38 days from seeding date at which time the average number of 
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flowers opening per plant per day was 2.48 for the 100 pound nitrogen 
level, 2.28 for the 200 pound nitrogen level. and 2.92 for the 400 pound 
nitrogen level. A !though the anthesis rate did not increase at the 200 pound 
and 400 pound nitrogen levels, the rate remained practically constant for 
the remainder of the blosSQming period for which records are available. 
There appeared to be little effect on the anthesis rate as a result of side dress
ing with the nitrogen fertilizer. 

Pod Set of the Snap Bean in Relation to Nit rogen Fertilization.-Th, 
results in Table 1 show there was as much as 8 per cent difference in the 
percentage pod set for the three nitrogen treatments. The average daily 
percentage set for that portion of the blossoming period recorded (approx. 
imately 3 weeks) was as follows: 100 pound nitrogen level 22.7 per cent, 
200 pound nitrogen level 26.Y per cent, and 19.4 per cent fo r the 400 pound 
nitrogen level. The most favorable level for these experimental conditions 
was the 200 pound nitrogen level, half of which was applied as a side 
dressing in three different applications. The final side dressing application 
was not made until July 25, 1949 which is after the termination of the flower· 
ing records. The additional nitrogen furnished by the 400 pound nitrogen 
level showed a detrimental effect on pod set as compared to the other levels. 
This detrimental effect was very serious for a period approximately one week 
following the side dressing applications. The only side dressing application 
during this par t of the blossoming period was made on J uly 7, 1949 at 
which time the average dail y percentage set was approximately 35 per cent. 
The average daily percentage set fo r the following week dropped to ap· 
proximately five. This injurious effect on pod set can most likely be at· 
tributed to a high concentration of nitrogeneous substances in the plant 
extracts. These results emphasize the importance of timely application in 
ferti lizer practice. 

Henderson and Fordhook 242 Bush Limas, South Farms, Columbia, Mo., 
1949.- During the summer of 1949, lima beans of the Henderson and Ford· 
hook 242 varieties were grown at the South Farms, University of Missouri, 
Columbia, Mo., for the pu rpo~e of correlating pod set of the two varieties 
with specific climatic factors, namely, air temperature and relative humidity. 
The beans were grown on a Lindley silt loam soil which had been cropped 
the previous year with soybeans. Fertilizer t reatment consisted of drilling 
into the surface after spring plowing a fertilizer mixture which provided 
per acre 200 pounds NH.NO" 160 pounds KCl (60%), and 320 pounds of 
a 6·18·6 analysis fertilizer. The beans .... ·ere planted on May 14, 1949 in 
42 inch rows at a heavy rate of seeding to provide a good stand. Upon 
reaching a height of 8·10 inches, the plants were thinned to gh'e a uniform 
spacing of 6 inches within the row. At the beginning of the blossoming 
stage 25 representative plants of each variety were chosen from which to 
collect data. A daily record of the floral development and pod set was 
kept by the method described earlier for the snap bean. Continuous air 
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48.9 12.8 

39.6 10.1 

25.6 6.1 

41.3 7.9 

11.1 

89.GB 21.26 

25 

temperature and relative humidity readings were obtained by use of a Friez 
rec::o rding hygro.thermograph placed in the field at the level at which the 
plants were growing. The sun~hine readings were obtained from the Weather 
Bureau located at Columbia, Mo. Light intensity readings were also made 
comparing full exposure with that obtained in the plant interior. The instru
ment used in this case was a Weston ill umination Meter, Model 603. 

A comparison was made of the percentage set of the Henderson and 
Fordhook 242 varieties under the conditions of the experiment, and an at
tempt was made to correlate set with air temperature and relative humidity 
(Table 3). 

DUCU3jion 0/ Rcsult.s.-Daily pod set in relation to certain climatic 
facto rs. Upon the basic assumption that abscission of blossoms and a.ub
sequent poor set is associated with high temperat\1re and low relative h\1-
midity, the daily percentage pod set Wa3 compared with the mean daily values 
for these climatic factors. As is readily noted from a comparison of Tables 
1 and 3 or Graphs 2 and 3, the degree of correlation is poor in comparison 
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Graph 3. Pod Kt of Hendel$On', and Fordhook 242 bush limu in rel'lion to . ir 
temperatu.re. Columbia, Mo., J une 2J.] ... ly 6, 1949. 

to that obtained in the Tendergreen snap bean experiment previously cited. 
The poor correlalio" obtained does not nece55ariiy discount the e£feets of 
temperature and relative humidity, since there was a very narrow range 
of these factors during the period of the experiment. Furthermore, the lima 
bean is generally regarded u being able to set satisfactorily at coneiderable 
higher temperatures than the snap hean. Yet it is apparent from previous 
work that these values fo r air temperature and relative humidity are fnor
able for pod set. These fa cts would lead one to believe that the extremely 
low set for the Fordhook 242 variety must, in this ease, be attributed to other 
factors of the em'i ronmental complex which became limiting during tJie blos
soming period and fo r which this nriety is particularly sensitive. Low light 
intensity may have been a. contributing fllctor to low set since dull cloudy 
~lies and frequent rains characterized much of the weather during the blos
soming period_ According to the Official United States Weather Bureau rec
ords, the average percentage of possible sunshine for the area during this 
period was only 65.5 . The effect of low light intensity was accentuated by 
tbe vigorous "egetative condition of the plants, very likely stimulated by the 
abundant nitrogen supply. P ractically all of the pods which were set on the 
Fordhook 242 variety occurred on the terminal racemes. This characteristic 
contrasts sharply with the usual high basal pod set for the variety. That 
this light relationship also varies greatly with tbe plant type is shown by a 
comparison of light penetrat ion to the plant interior for the two varieties. 
tTa.ble 4.) In general, the light intensity readings on the plant interior were 
approximately 1/ 80 of the full exposure value for 1he Fordhook 242 variety 
and ';4 of this value in the case of the Henderson variety_ The Fordhook 
242 plant being larger in size and more compact, with larger leaves and 
shorter petioles, a llows more shading of the inner and lower leaVe! by the 
outer and upper leaves. F'urthennore, the leaf arrar..gement of Fordhook 242 
is usually opposite whereu that of the Hendenon is usually alternate. These 
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FORDHOOK 242 BUSH 

r~::::~~~~~~~~U~G~'~T~''''~ENSITY READINGS 

plant characteristics result in a more open type of plant for the Henderson 
variety and permit greater light penetration and air movement to the plant 
interior. 

The mode or modes by which the physiological significance of plant 
type may be manifested can only be mentioned in a general way a~ no con· 
clusive evidence was given by this experiment. Low light intcm;ities, partie· 
ularly to the plant interior, could severely limit the photosynthetic activity 
of the inner shaded leaves perhaps even to the point where they would he 
saprophytic. This factor could affect the reproductive capacity indirectly 
through an eHeet on the supply of photosynthetic products . With poor 
metabolic efficiency of the leaves under these conditions, there exists in· 
sufficient food reserves to adequately supply both the growing points and 
the flowers . 

Closely associated wi th low light intensity in compact plants is the 
restricted air movement to the plant interior. This limited air movement 
favors the maintenance of a high relative humidity around the basal bios· 
soms during rainy periods and could conceivably interfere with pollen germ· 
ination and proper fertilization of the ovules. Limited air movement may 
have been a contributing factor to poor set in this experiment. A careful 
histological study showed that practically without exception the pollen on 
dropped blossoms was ungerminated. In many cases residues of poHen 
grains were apparent, indicating perhaps that the pollen grains had b\lr~t 

prior to or in the process of germination. The critical osmotic requirement~ 
of lima bean pollen will be considered in greater detail in connection with 
pollen germination experiments in artificial media. 

Differendol Response of the Henderson and Fordhook 242 to Climatic 
Factors. It is very evident from Table 3 that there was a marked differen· 
tial response of the two varieties in both flowering and pod set during the 
course of the experiment. Planls of the Henderson variety consistently produced 
more flowers throughout the blossoming period than did the Fordhook 242 
variety, the daily averages for the recorded blooming period bein g, respecti,·ely, 
8.50 and 4.42 flowers per plant. This response can not be explained simply 
on the basis of a shorter maturity requirement for the Hendcrson'~ Bu~h 
lima since the flowering peak was reached for both varieties on the fifty. 
first and fifty.setXlnd days from seeding (Graph 4 ) . The Henderson "uricty 
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_ Flowers Dropped 

~ Flowers Set 

June -July 27 28 
Days Crom planting 

2930 123 
46 47 48 49 50 • 

51 
5 6 

52 53 

, 

7 
54 

Craph 4. A eomplrison of anlhesit:. pod llel, and bl~ drop for Hen<k ..... n·. 
and Fordhook 242 bush limn. Colwubia, Mo., June 27·Julr 7, 1949. 

was, however, about 10 days earlier in fl owering than the Fordhook 242 
variety. There can be no doubt that more blossoms are normally produced 
by both varieties than can be developed into mature seed-bearing pods. There
fore., the problem is obviously n OI onc of insufficient flower bud differen-
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Figure 1. Lima bean plants of Fordhook 242 variety (left) and Henderson variety 
( right), stripped of foliage, and showing extent of pod set for [he two plant types. Note 
also barrennes.os of the terminal portions of the racemes on Hendenon. 

tiation . Still more striking differences between the two varieties are apparent 
in the percentage set (Fig. 1) . The percentage of the total flowers setting 
pods for the two week period was 69 for Henderson and only 21 for Ford· 
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book 242. Furthermore. the daily per cent set was in every case significantly 
greater for the Henderson variety than for the Fordhook 242 variety. 

The faci that the percentage set -of the Hendeuon variety (and to a 
lesser degree the F ordhwk 242 variety) continually decreased as the bios· 
soming period pro~d is not difficult to undcr.!tand. This response is 
characteristic in many fru iting plants with prolonged fruiting seasoru. It 
is primarily for thu ra.5on that most of the experimental work on pod set 
wu performed on plants at the initial stages of fl owering. From a practical 
standpoint. growers consider basal pod sct IS the most important. 

Grt;cnhouse Experimenu 
Controll«l Temperature Studies in Thermo-Regulated Growth Chamben. 

- In order to isolate the specific influence of temperature from other factors 
of the environmental complex and better determine its effect on pod ~t, care· 
fully controlled temperature experiments were conducted in the greenhouses 
during the fall and winter of 1949 and the spring of 1950. In all the tem· 
perature studies, representative plants of the Fordhook and Fordhook 242 
varieties were transferred upon reaching the embryonic hud stage to the 
thermo·regulated growth chambers (Fig. 2) described earlier in the aection 
Materials and Methods. The Fordhook and Fordhook 242 hush limas were 
selected as being standard, widely-grown \"Irieties of the large, thick·ueded 
lima type whim, in general , hu a narrow " margin of safety" in its pod.setting 
characteristics. 

Several series of plants of both varieties were grown. Other than in 
planting date, each series differed from the others only in the size and type 
of the containers. This difference in containers permitted greater varia· 
lion and better control over the available soil moisture, which was also a 
psrt of the investigation. The soil mixture for all &tries consisted of equal 
parts of loam soil. sand, and leaf mold to which was added suCficient fer. 
ti lizer (8-16-8 analysis) to promote good growth. All the plants were 
grown at the same temperature prior to their transfer to the thermo-regulated 
growth chambers. 

Records were kept of blossom drop and pod set and the percentage pod 
set wae calculated for intervals of one week. In order to keep at a minimum 
the adverse effect of developing pods on subsequent set, the plants were 
depodded we·ekly. 

A cri tical histological study was made in an attempt to provide a con· 
crete explanation for differential pod set fo r the various experimental con· 
ditions and for any observed differential response of the two varieties to 
pod set with identical experimental conditions. This study included bud 
and flower developmental stages in relation to polien maturity, germination 
of pollen on the stigmatic surCace, growth of pollen tubes in the style and 
ovary fo llowing pollination, and the early stages of embryonic development 
foll owing fertilization. A time schedule was developed for the successh'e 
stages at several constant temperature levels. 
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Ser~J I.-This experimental series included 6 plants of each variety 
grown in (h'e inch porous day pots and transferred to thermo· regulated 
I'hamben on October 25, 1949. The chambers were set to maintain constant 
temperatures of 62° r ., 72° r ., and 86° F. No satisfactory method of con· 
tro ll ing the humidity was found; however, the variation at th~ temperature 
levels was quite low ranging from 45 10 65 per cent during the day and 
55 to 70 per cent during the night. Records were taken for the followi ng 
weekly intervals: October 25 to November 1, November 5 to November 12, 
and No"ember 12 to NO\"ember 19. 

SerUI fl.-Eight plants of each variety were grown in six inch clay 
pots which were imbedded in gravel-filled one.gallon crocks. The water 
supply to the plant rools was accurately controlled at the desired levels by 
varying the depth at which the clay pots were embedded in the gravel and 
by varying the water level in the gravel medium. The holes in the bottom 
of the clay pots were stoppered to prevent root growth downward into the 
gravel medium. Transfer to the thermo· regulated chambers was made on 
November 23. Two of the chambers were set fo r a constant temperature of 
36' F.; the thi rd chamber was 5~t at 72' f . Two different soil moisture 
levels were maintained in the 86' F. chambers as follows: 

Medium available soil moisture (Tensiometer reading 50·60) 
Very low available soil moisture (Tensiometer reading 68-75) 
The latter level was just above the wilting coefficient of the soil. 
Records for these plants were taken fo r the fo llowing weekly intervals: 

November 23 to November 30, December 1 to Deeember 7, December 8 to 
December 14. 

DucUJ3ion of Ruulu.-As shown in Table 5, there is a differential 
varieta l response in pod set which is clostl y cor related to temperature. Over a 
three-week blossoming period with a constant air temperature of 62' F., 
me Fordhook 242 plants set pods on 91 per cent of the blossoms It.! compared 
to only 37 per cent for regular Fordhook plants. At 72' F., however, the 
~t of Fordhook 242 was but li ttle different from that at 62 " F. but t~e set 
of the Fordhook plants increased from 37 per cent to 68 per cent. 

The percentage set of the two varieties WllS almost identical at 86' F. 
As compared to set Ilt 72', the set at 86' F. fo r f ordhook was 15% lower 
and fo r Fordhook 242 was 34% lower for comparable soil moisture levtb. 
This data indicates that the Fordhook 242 variety is adapted to a wider 
lemperature range than regular Fordhook It.! indicated by better pod set for 
these experimental conditions. The latter variety appears to be particu larly 
sensitive to temperatures near the lower limit of the growing range. With 
inerea!e5 in temperature above 62· F., set improves and approaches that of 
rordhook 242. Set in both varieties is aatisfactory (over 50%) even at 
constant temperatures of 86· F. provided there is abundant available soil 
moisture. These facts might indicate that the frequent failu res of pod set 
attributed to high temperature and low humidity may more specifically be 
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TABLE V--" COMPARISON OF ANTHESIS AND POD SET OF FQRIQlOOK AND FOlUlIiOOK 1U BUIlH 
LIKAS AT COI/TIWLLED TENPER.ATURI; AND I10IL MOIl1TURI; LEVI1L.!1 

611",.. _WI> MOUIIlro 7:(>'. KoodlWl> MOUturo 

~- '"" NIhook ~ Z ~- 10_242 

~~ PerOe<rt Th~ Pu Oenl - hr 0e~1 ThW PerOeI1l 
Put"" of Blo_1nc Fl ...... r~ ~, no •••• "' -.. "' Flowe •• "' 
Serlu I (& pi""ts) 

Oct. 2~ __ .1 

" 21.1 " U.4 '" 78.1 " 87.5 

No •. 5_No".12 .. U.S n M.' ,. 80.l .. au 
Noo. n _ flOor. I~ .. .. 00 .. .. M.' n ~a.2 

M.~ Sl.1 il.2 88.2 ai.O 

Serle. n (8 pUllts) 

"'O'i'. II _ Noo. 10 ... ---- ... ---- ... ---- ... ----
~. 1 _ 000. , ... ---- ... .. _- .. lU ,~ 71.8 

~ •. .I_Otc. H ... ---- ... ---- n 80.& .. 74.5 

~~ .... 74.1 

811",.. _WI! MoU",,.. 811"F. Low MOlrtu,.. 

~- Fordlx>ok242 ~- Fordhook 242 - Per Cent - Pe.CleI1l ~~ Po. Cle"1 - Ptr Cleot 
Period of 81 oss_1nc -.. ~, Flowe .. "' -.. "' no..r. "' Ser,..1 (S pluta) 

Oct. 21 - NO'i'. , ... ---- ... -_.- n li.l .. 2U 

"~. $ - N"". 12 ... ---- . .. ---- ... ---- ... ----
Nov. 12 - N .... Ii ... --_ . ... ---- ... -._ . ... ----

M.~ 

Serl .. II (S pla n,") 

No •• U - N"". 10 " n ,. .. ... ---- ... ----
~ •. I - Doo. , '" .. '" 00.' '" 0.' ,. ••• 
~ •. 8 - Doc. 14 ... ---- ... ---- m It.? '" 11.1 

~~ n.O M' 0.' li.l 

attributed to a low water supply to the plant. Obviously, these factors are 
normally associated in the field. 

The importance of adequate ~oil moisture in obtaining good pod set 
was demonstrated first in the Series I plants. In these plants becaure of 
the limited soil volume of the five inch pods, il was found very difficult 10 
control a favorable and constant waler supply to tht: plants al Ihe high tem
perature level (86· F.). Consequently, Ihe moisture level was observed at 
times 10 approach the wilting coefficient. With these conditions, entirely com-

.. 
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parable for the two varieties, Fordhook sct approximately 39% of the bios
~oms as compared to only 23% for plants of the Foruhook 242 variety. After 
a period of one week, the soil m.oisture was allowed to decrease until the plants 
wilted, and to remain in this condition for approximately 6 hours. Water 
was then added in suHicient quantities to permit the plants to regain their 
turgidity. Pod set fo r these plants for the next 1"'''0 weeks was in all ~ 
les5 than 5 per cent. Much of this low .set may he auributed to floral abo 
Kission in the bud stage. These facts emphasize the detrimental eHeet to pod 
set when the soil moisture reaches the wilting coefficient even for a short 
period of time, even though the plants do not remain permanently wilted. 
Furthermore, this effect was to some degree permanent, persisting fo r the 
remainder of the blossoming period. Microscopic examination revealed that 
these buds and flowers became dessicated prior to their abscission. Apparent. 
ly, .... hen the soil moisture becomes critically low, water is readily .... ithdrawn 
from the floral organs thereby initiating a series of reactions which ultimate. 
ly leads to forced absci.ssion. In the case of young buds not abscissed, the 
essential organs were permanently inju red and failed to functi on normally. 

Additional experimental evidence as to the importance of the available 
soil moinure is given by the Series II plants (Tablt, 5) under conditions of 
better control of the soil water supply. 

Thus over a two·week flowering period at 86- F. significantl y different 
responses for the two varieties were shown, depending on the level of available 
~oil moisture. The regular Fordhook plants set 53% of the blol!soms with 
average available soil moisture as compared to 29% at a low anilable soil 
moisture leveL Similarly, plants of the Fordhook 242 variety set 54% and 
20% respectively, for the same condi tions. The tensiometer reading for 
"average available soil moisture" ranged from 50·60 as compared to 68.75 
for "low available soil moistu re." The latter range represents a soil moisture 
content just above the wilting point of the plant. This data indicates a 
difference in pod set of 2().35 per cent which can be attributed to a differ· 
ence in the soil moisture supply at the medium to low range. Under these 
conditions (high temperature, low soil moisture) the set for the Fordhook 
plants was approximately 10 per cent greater than that for the Fordhook 
242 variety. 

Effect of Air Temp,mlture 0/1. R~ of Fl(mJ. /JIId Pod Developmertt.
A beller understanding of the specific manner by which temperature affects 
pod set may be gained by a consideration of the effect of temperature on 
the rate of the various physiological processes involved; for example, pol. 
len germination , pollen tube growth, fertiliution, and post.fertilil:ation de· 
velopment of the pod. An investigation of this type nec~ss8fily demands 
a careful association of these internal changes with the outward appearance 
of the buds and flowers, and required, in this case, the collection, dissection, 
and examination of hundreds of flowers at variou..._ stages of development. 
A classification of flower bud stages was developed for the lima bean 
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Figure 3. Bud and flower itages of (he lima kan 
A-Oose bud enclosing immature pollen grains 
B-Loose nr hooded bud enclosing mature pollen at Or just previo\l$ to dehiscence of the 

anther$. 
C-White full open flower (erect standard 01 Coffman)-pol1en On the sti""a. 
D-Fading whi(ish·yellow flower, pollen germinating. 
E-Yellow flower with corolla dropping, post·fertilization. 

which is similar to that described for alfalfa by Coffman (20a) . Th~ 
bud and flower stages are represented in Figure 3. 

The stage at which the pollen is mature and ready to be released from 
the anther can be distinguished by noting the hursting of the calyx and the 
showing of the white carolla through the slit of the hud (s tage B). From this 
stage the period of time required for the flower to upen fully is 12·18 hours 
at 62° F., as compared to 3·5 hours at 72' F. or 86° r. This varia tion in 
anthesis rate with temperature is also shown in Table 6 which gives the 
average number of flowers opening weekly over a three·week blossoming 
ing period for the Fordhook and Fordhook 242 varieties at three tempera· 
ture levels. The values at each temperature are ba~ed upon an average 
of six representative plants of each variety and were taken for the first three 
weeks of the blossoming period. 

Anthesis was very slow at 62° F., the rate being on the average of about 
one blossom per day per plant for the three·week period. At 72° F. the 
anthesis rate was approximately twice as rapid as at 62 ' F. The rate at 86' 
F .• however, was not materially different from that at 72 ' F. in both plant 
series. 

The fact that more flowers opened on the F ordhook plants than on the 
Fordhook 242 plants. especially at the higher temperature levels, is ex· 
plained by a difference in the stage of maturity of the two varieties, the Ford· 
hook 242 plants being a few days later. Soil moisture had lillie effect on 
the anthesis rate. 

Very marked differences in the rate of the physiological processes are 
also shown by a comparison of the maximum pod lengths attained in one 
week's development from the hooded bud stage (Figure 4). Since there was 
very little varietal difference, the fo llowing values are representative for 
both varieties: 62° F.·l.5 em.; 72 · L·3 cm.; 86· F.·5 cm. This differential 
rate of physiological development is also shown on the intact plants in 
Figure 5. 

Morphological and H istological Obsc[Vations.-Morphological and histo· 
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Fill'''' 4. Rate of pod dc\-e[oprnenl in ",Ialion to air l(mperaIUfe. The photo&nph 
.J.o,... lelu&l pod ,ize .ruined in .. period of one week from the pollinalioon !!taCe (l_ 
Or poln!ed blld) under the conditions indicated. 

logical observations were made a regu lar and important part of the study . 
because it was believed that structural abnormalities might be ft,_led which 
.... ould explain in part the inconsistent and variable performances of the two 
lima "arieties. 

Cross Morphology 0/ tM Flower.-The lima bean flower represented in 
Figure 6 Will reproduced from the book " Beans of New York." The flower 
has been described in detail by Hedrick (371), The calyx is five·lobed, 
Ihe upper two lobes often connate; the standard is usually more or 1m 
orbicular and emarginate; wings are oblong to obovalc; the keel is coiled 
in one or mort close turns; stamens are diadelphous 9 and J ; pistils are on 
a short cup-shaped di$k; tbe style is toiled witbin the keels, bearded within, 
the stigma oblique or lateral. 

Because of this structu re, the f lower is normally aim!)!;! entirely self· 
JiOlIinated. Mechanical tripping of the flower ;5 not necessary to inlll re ade
quate pollination. 

Morpholo!)' 0/ 'he MicrO.fportJ.-The pollen grains of the liflUL hean 
are normally about 15 microns in diameter, rounded·tr iangular in outline, with 
rather thick walls. The pores present at each of the three angles appear 
identical morphologically and are appa rently all capable of germination. 
Morphologically speaking, no abnormal anatomical features were noted which 
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Figure 5. Fordhook 242 bush lima bean plants show;n, a "'celt', 
pod development from the hooded bud Siage at • eonl rolled temperature 
of 62- F. (above). 72" F. (middle ), and 86" F. (below). 
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Figun: 6. A flower of the lima bean, King of the Garden, hide view above, and 

disse<:ted \0 show partll belo,,' ) b--bracteole. c--calyx. a' and a'_wings or 8lae. _18n· 
dard. k-keel (k'-with ew:ntial organs included: k'-keel alonel. {-stamens, showing 
filament lube and free mmen. p-pistil. (Adapted from Bea,.. af Nt w Yark) 

might be associated with the very specific germination requirements of the 
pollen grains. 

The Macro$pore$ and lhe Embryo·Sac.-Although a critical cytological 
study was not attempted, the course of development of the macrospores and 
the embryo.sac appears to be. very similar to that of Phaseolus vulgaris as 
reported by Brown (16). The egg after formation lengthens, broadens at 
the base, and projects into the embryo-sac beyond the synergids. The pollen 
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tube was frequently observed entering the micropylar end of the sac. Also, 
the division of the primary endosperm nucleus frequently precedes that of 
the fert ilized egg, the endosperm nuclei placing themselves in the peripheral 
region of the embryo·sac. 

Pollen BeMvior on. the Stigma under COnlrolled Condilions.-Due to 
the difficulties encountered in ponen germination in vitro and the question of 
upplicability to the intact plant, a study was made of the poUen behavior 
on the stigmatic surface within the keel of flowers of the controlled tem
perature plant series. In order to effect the study and to provide a time 
~chedule for dehiscence of the anthers, time and method of pollination, pol
len germination, pollen tube growth and fertilization, it was necessary to tag 
and systematically study hundreds of flowers in various stages of develop
ment under specific controlled environmental conditiom. 

Normally at anthesis the stigmatic surface within the keel is covered 
with an abundance of fl uid on which is massed the pollen grains. As the 
~tyle is bearded, most of the microspores lodge among the papillae at the 
hase of the stigma. The pollen is not massed into the tip of the keel as in the 
ca~e of the garden pea (Pisum sotivumj . Under favorable conditions for 
pod set (as in the 72° F. treatment) an abundance of both pollen and stig. 
matic fluid was produced, (Fig. 7). Normally, lhen, poor pollination is 
not an important consideration. With drought conditions (as in the 86' r ., 
low soil moisture series) less stigmatic fluid was produced, the fluid was 
more viscous and relatively few pollen grains were found on the stigma. This 
fact alone may partially explain the difference in pod set obtained in this 
experiment. As pointed out by Andrews (3 ) , the ~ize of the keel may be a 
factor in the retention of the pollen on the stigmatic surface. In the large_ 
seeded varieties the keel is less compactly arrange<1 around the pistil than 
in the small-seeded varieties. This anatomical difference permits much of 
the pollen mass to fall to the base of the pistil out of contact with the stig. 
matic surface and doubtless may explain the difference in pod set of the 
two types under drought conditions. Germination of the pollen within the 
anther prior to dehiscence was observed on several occasions (Fig. 8). Just 
what physiological importance, if any, this function plays in pod set is not 
definitely known. It may possibly provide a mechanism for retaining the 
pollen in contact with the stigmatic surface during drought conditions until 
the pollen tube can establish itself in the st igmatic and stylar tissues. Re
gardless, it serves to furthe r substantiate the importance that moisture plays in 
the microspore·stigma relationships. 

R(J/.e of Pollen GerminlJl,ion and Pollen Tube Growth in Vivo.- It was 
practically impossible to follow the growth of the pollen tube from the stigma 
to the ovary because of the dose coiling of the style within the keel. The 
other alternative of sectioning the ovary at variable time intervals after 
pollination was found 10 be entirely satisfacto ry. 

Comparing the two varieties, the greatest difference in the rate of pollen 



MISSOURt AGRICULTURAL ExPERIME NT STATION 

• '. 
• 

• • • 
0 • 

" 0 • -=-, 
0 • • • 

"' 

. Figare 7. A comparison of the gr"-'$ anatomical characteri$tic! of the sligmu of 
Fordhook 242 bush lima (above) and Henderson's bush lima (belowl. 
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TABLE S"ANTHESlS RATE OF FORDHOOK AND roRDHOOK 142 BUSH LIMAS AS 
RELATED TO THE ATMOISPItl;RlC T.EMPERATtJRE 

,1.","*1 " NImlbe. 01 FI , "' Plint We .. k 

•• 104 of 62°F. nOF. 16°1' • 
Bi';'.ORl Inc Fw< FOf"d.242 Ford. Fod. 242 Ford.. Ford. 242 

Se.! .. I PlaDb: 
Oct. 25-N".... 1 .. , ... 18.3 12.0 11.1 ... 

av. 5-Nov. 12 10.8 ... 17.8 '.0 19.3 U 

o~. 12·/'lov. 19 ••• ... 1503 ... .. .. 
Snln II PlMU 84°F. Orr 72°,.. asoF. Molsi 

Ford. Ford. 242 ""'- Ford. 242 Fw< Ford.. 242 

0 •• ::I-Nov. SO ' .0 U.S LO U '-' 11.2 

c. l-o. , " .. ... 11.2 13.3 IS.O .... 
germination and tube growth occurred It the 62· F. temperature lc\'cL At 
this temperature, both pollen germination and pollen tube growth was futc r 
in the Fordhook 242 variety. Moreover, II greater proportion of the f lowers 
~tudied were observed to have germinated pollen on the stigma. These facls 
provide a possible explanation for the much higher Mi obtained for the 
F'ordhook 242 variety at a constant temperature of 62' F., and may indio 
cate that low night temperature as well as maximum day temperature should 
be considered in pod set. While there is some difference in the time reo 
quired to effeet fertilization at a given temperature, an equally important 
consideration appears to be whether or not the pollen germinates at alt within 
tl1e short period of time (approximately 48 hours) that the egg is re«pth·e. 

Where germination of the pollen occurred at &11, the approximate time 
requi red to effect fertilization after pollination for the experimental condi· 
tions was ai follows: Fordhook, 62· F.t 42-48 hOUTS; Fordbook 242, 62' F., 
36-40 hours ; both varieties, 72 ' r ., 34-38 hours; both varieties, 86' r. moist, 
32·36 hours; both varieties, 86' r. dry, 38·42 hours. 

No morphological evidence was found in any part of the study of gron 
abnormalities which would suggest any specific form of ster ility. That the 
microspores were viable in all these treatments W/IS demonstrated by thei r 
ready germination in vitro when the speci fic requirements for germination 
were supplied. The mature megagametophyte with the egg visible is sho .. m 

in Figure 8. 
Natu.re of tM Sti&malic Fluid.-A histochemical analysis of the stigmatic 

substance did not re, 'eal the presence of a tough pellicle. Much of the sub· 
stance of the fluid WI! readily soluble in the rat soh-enls and ga,'e positive 
rat stain reactions. The stigmatic fluid appeared to be a type of emulsion 
with the oil globules suspended in a jelly. like matrix . No str iking physical 
or ~hemi~al differences in the fluid was noted between vatieties. 

Rdation..ship Between the Nu.mber of Fertilized Ovules and Floral Ab· 
lci.uion.-It WI8 abo very evident from tl1ese experiments that a t least one 
ovule in ea~h pistil must be fertilized and start development in order to pre· 
vent abs~iasion of tbe flower. This obsen 'alion may indicate a hormone 
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relationship between the developing ovule and the initiation and develop. 
ment of the abscission layer. 

High Available Soil Moisture Series.-In the controlled temperature 
~eries, no study was made of the effect of soil moisture at the higher levels. 
It was for this purpose that pot e.xperiments were conducted in the greenhouses 
during the fall of 1949. 

Nine plants each of the fordhook and Fordhook 242 varieties were grown 
at two soil moisture levels under otherwise comparable growing conditions 
and the percentage basal pod set determined for two one-week intervals, 
NO\'ember 14-21 and November 23-30. The planls were depodded at the 
end of the first week. The soil moisture was maintained at the following 
levels; 

"~edium" soil moisture; tensiometer reading 50·60 
"high" soil moisture; tensiometer reading 0·10 

The latter level represen~ a soil moisture lel'el approaching field capacity. 
In no case did water· logging of the soil occur, and there were no visual symp. 
toms of reduced plant activity a~ a result of high soil moistul:e. The >ar i· 
ation in !oil moisture was carefully controlled at the desired levels by filling 
one.gallon jars to a depth of five inches with gravel and topping off with a 
landy loam soil of good fertility. The water table in the gravel was then main· 
tained at the required height by frequent water additions through a glass 
tube inserted through the soil layer to the gravel level. 

The data obtained in this experiment is given in Table 7. 
Ruulu.-On the basis of these results, the percentage pod set of the 

F ordhook bush lima was d«reased as much as 16 to 18 per cent by soil 
moisture levels approaching field capacity. The fact that no significant 
difference in pod set occurred for the Fordhook 242 variety for these condi· 
tions may indicate a greater degree of tolerance of this variety to high soil 
moisture. At both soil moisture levels, the percentage pod set for the Ford. 
hook 242 variety was equal to or better than that of the Fordhook variety. 
Noteworthy also is the fact that the average pod ~t of all plants for both 
"arietles was almost identical for the two w~kly intervals indicatin8 that 
the results can be duplicated providing the plan lS are depodded between 
each series. 

It should be realized that these experimental conditions duplicate very 
inadequately the natural conditions which prevail in the field during cloudy 
rainy weather. With proper consideration being given to the associated factors 
of wet foliage and flowers, high relative humidity, restricted air movement, 
and low light intensity during cloudy weather, one may find herein another 
important reason for the frequent failures of lima bean plants to reach tbe 
"capacity set." 

Application of Soluble 'Boron Spr.lYS to the Blossoms and Leaves.
Leaf Area and Pod Yield Relalionship$.-The results from preliminary field 
tests during the summer of 1949 indicated that pod set may possib'ly be in· 
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TABLE 1"POD SST OF FOaDIiOOK: AND FOfUlHOOK U2 BUSH I..lHA BEAN AT MEDIUM 
AND WOO AV,uLAB1,£ SOiL MOISTURt: LEVELS 

"".~ Per iod Novembe r 14- 21 Bioi ... ", Period Nove"'~r 23-3(1 
MedluDiSoil. MoloJtu.re Blp SOU Moisture Mtdlwn SOU MQloture HI", SOU Moisture 

~ri'" "'- Ford. 242 "",.,," Ford. 242 "'- Ford. 242 "'''''''- Ford 242 ,... '" ~, ~, """ - ~, ~, - ~, 

""" ~ , • , , • • U U , U , 
" • " " " , U • • , • • • • " , " • " " " , " " " • • • " , " • " • " " U 

• " 
, • , U U " • U , " , U " " 

• " • • , -- -- " • U • " , • • " 
• " , • , • , U , " • " • " U U 

, 
" 

, U • • • • • " , 
" 

, n • n 

• " • U , • • • , " , 
" • " • , 

• -- -- • • " • • , -- -- " 
, 

" • " "'W. .. .. .. " .. " .. " '" " '" " , .. " '" " nap .. ~- " " " " " .. " " '" 
treued through the application of soluble boron sprays to the above-sround 
portions of the plant. In order to investigate th~ possibility under more 
txact.ing experimental conditions, plant! of the Fordhoo" 242 variety were 
grown in a fertile loam soil in ! greenhouse ground bed during the fall and 
winter of 1949. The beans were seeded October 8, 1949 in 36 ineh rows 
lind later thinned 10 give a spadng of 18 inches within the row. The plants 
were trained upward from luspendea strings. Applications of aqueous solu· 
tions of boric acid were made to the foliage, huds, and flowers with ~ hand 
atomizer when the terminal racemes commenced f lowering (November 23, 
1949) and again on December 3, 1949. The concentrations u!ied were 100, 
250, and 500 parts per million. The rate of appl ie.lion was sufficient to wet 
the plants thoroughly. Six plants were used in eath treatment and the 
treatments replicated eight times. 

Resutu.- No definite correlation was found betwe1:n the boron applica
lion. and pod set or bean yield. There W8$ con5ide .. able variation in pod set 
between individual plant.! in each treatment, indicating perhaps the influ
ence of other factors_ It is "ery likely that the high boron requirement of the 
bean plant.! was satillfied C\'en on the connol plant.! by a favorable .upply in 
the soil. 

Aside from the effects of boron, several observations were made during 
the course of the experiment which may contribute v.luable information to 
the problem of pod set and bean yield. 

• , 
• , 
• , 
• , 
• .. 
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Figure 9. Fordhook 242 plants with indeterminate (left) and determinate (right) 
babit of growth. Note the concentration of malu,"" pods in the terminal parI of the in_ 
determinate plant and the bo./lal con~entraliQn in the determinate plant. 

One striking observation was the exceptional habit of growth of the 
plants. While the Fordhook 242 bush lima normally behaves as a dwarf sort 
showing little tendency \0 climb, these plants showed definite tendencies 
towards developing an indeterminate habit of growLh (Figure 9) . Further
more, the pod set was concentrated on the terminal racemes and at the ex· 
pen~ of the basal fl owers. The lower racemes later flowered and set pro
fusely but abscission followed before any appreciable pod size was attained. 
It should he realized tha t this plant response is the opposite of that normally 
observed for this variety. In fact, the ability to se~ basal pods is a widely 
recognized and highly desirable trait of the variety. It is now known that 
this vining habit of growth results from excessive elongation of the inter
nodes and is enhanced by high temperature, high soil fertility, and low light 
intensities. 

Leaf Area and Pod Yield Rela1.iornrhips.-In this experiment an interesting 
relationship was found between the total leaf area and the number of pods 
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TABLE 8--RELll.TIONSHIP OF PLANT LEAF AREA AND POD 
YIELD OF FORDHOOK 242 BUSH LIMA UNDER GREENHOUSE 

GROUND BED CULTURE 
MeanDall L! ht lntell3!t 325 G~. Cal. IDa 

ueeess!ve ToW ~;~nt If)d NutDbe:/~a.ture 
PI,.,.! No. Area Cm . Pods PI.."I , 3,661 • , 5,866 " , 6,110 " • ',"" " , 1,045 " • 1 248 " 

TABLE 9- - RELll.TIONSlUP OF PLll.NT LEAF AREA AND POD 
YIELD OF FORDHOUSE 242 BUSH LIMA UNDER GREENHOUSE 

POTTED CULTURE 
Me.." Ddl L! hi Intens!1 232 Gr. Cal. IDa 

~ces8lve 
Plant No. Total ~:,:""I 't)d 

/\rU Cm.2 
NUmbe~}: .. ture 

Pods P lan! , ." " , 
'" U , 
'" " • '" • , 
'" " 
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maturing per plant. The leaf area was determined for representative control 
(that is, untreated) plants by the use of a planimeter, and is prestnted along 
with the pod yield in Table 8. 

The data shOW3 a definite relationship between the leaf area and the 
yield of fully developed pods. As the leaf area increased, the yield increased, 
though the relationship is not str ictly linear. With a mean daily total light 
intensity of 325 Gr. Calories for the month of fruiting, approximately 600 
square centimeters of leaf area was required per pod. That such is not always 
the case is shown from the results of potted lima bean plants grown in the 
greenhouse during the spring of 1950. As shown in Table 9 plants with 
approximately one·eighth the leaf area produced the same yield even at a 
lower light intensity. 

Quite obviously, other factors than leaf area and light intensity must 
be considered in interpreting these results. In the case of the plants in ground. 
bed culture, vegetative growth was stimulated at the expense of fruitfulness. 
With the indetenninate habit of growth, very large leaves, and vertical train· 
ing, the basal portion of the plants was shaded sufficiently that much of the 
leaf area was possibly photosynthetically ineffective. Under these conditions, 
leaf area detenninations do not give a true index of the pod producing ca· 
pacity of the plant. Also, under field conditions positive correlations be. 
tween leaf alea and yield are dependent, in addition, upon such factors as 
the weather conditions prevailing during the blogsoming period. 
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Pollen Germination Experiments 

Intensive preliminary pollen germination le5t~ proved sucrose solutions 
to be a poor media for the germination of lima pollen in vitro as the tubes 
ruptured over a very wide lange in concentration. In this study the sucrose 
concentration was varied from 5% to 60% at 570 levels. The hanging drop 
technique was used with a controlled temperature ranging from 22.25 ° C. 
PoUen of the Fordhook 242 variety was taken from carefully selected flowers 
al the loose or hooded bud stage (stage B) so as to provide as nearly a 
uniform maturity stage as possible. At all concentrations below 40%, rapid 
rupture of the tubes occurred; above a 50% sucrose concentration, plas. 
molysis of the grains was quite evident. Germination at concentrations of 
40,45, and 50% "'ere better but still unsat isfactory. 

Attempts to Find it Favol:able Mediwn.-Considering that unfavorable os· 
motic pressure was contributing to the bursting of the tubes, agar (Bacto·Agar ) 
was added to the sugar solutions for the purpose of providing better water 
relationships to the delicate pollen cells. A series of sugar-agar solutions 
was then prepared in which the agar concentration was kept constant at 1 % 
and the sucrose \'aried at 20, 30, 40 and 50 grams per 100 cc. of the medium. 
The technique and conditions were identical to those of the sugar solution 
experiments except that it was found necessary to pool the pollen from the 
anthers of a flower and from several flowers in order to eliminate varia· 
tionability in the pollen itself. The germination in sugar·agar solutions 
did prove to be much better than in the sugar Solulions. However, germin. 
ation at the 20 and 30 gram sugar levels in the sugar·agar solutions was still 
unsatisfactory as the tubes burst soon after extending from the pore. Germina. 
tion in the sugar.agar solution: containing 40 and 50 grams sugar was fairly 
dependable and satisfactory, the tubes reaching good length, and only occa· 
sionally failing to grow. The results at the 40 gram sugar level were, on 
the average, more consistent but the tubes were generally shor ter than those 
obtained at the 50 gram sugar level. 

Effect of Temperature on Pollen Gennination in Vitro.-The data in Ta· 
ble 10 shows the effect of temperature at four different levels on the percent. 
age germination of ponen of the Henderson and F ordhook 242 varieties. The 
values given represent an average of duplica te samples obtained by the hang. 
ing drop technique in a 40% sucrose· l % agar solution. The readings were 
taken at the end of a 24 hou r period. 

Consideri ng a considerable degree of variation which occurred between 
the series in spite of the precautions taken, there appeared little difference in 
the percentage germination of the pollen of either variety at 68, 77, or 86' F. 
This indicates that lima pollen can germinate satisfactorily o\'er a fairly 
wide temperature range provid~d that other conditions are favorable . Germ. 
ination at 980 F. was always poor, indicating, perhaps, the approach of 9. 

critical temperature fo r germination. 
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n07. 8$°F. 
Hend. Ford. 242 Hend. Ford. 242 

" 11 28 

" 17 17 

" ~3 41 

" 2( 30 

" 32 31 
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POLLEN IN 

98°F. 
Hend. Ford. 

o , 
" . , , 

Effect of Bo~on Additions on Pollen Germination in Vitro.-In an at· 
tempt to secure more consistent pol len gennination and better pollen tube 
growth, boric acid was added to the sugar·agar medium at concentrations of 
0.003 and 0.006 per cent. The results were negative in all cases. 

Application of Phenology 

From an ana lysis of the preceding part of the d issertation it is ap· 
parent that the practical problem of securing satisfactory pod set and yields 
in the lima bean is not a simple one. Since there are no satisfactory substi. 
tutes for fertilization itself, the grower can best aid the plant by providing 
the conditions most favorable for proper pollination and fertilization of the 
ovules. But many of the practice!! which are effective under controlled 
greenhouse conditions are not practical in the field. It would appear, there· 
fore, that the application of phenology might provide a practical approach 
to the problem. 

The basis for this project wu a survey of the climatological data in 
the Southeastern Missouri area (Cairo, Illinois) for the forty.year period 
1908·1947. The mean maximum temperature, mean minimum temperature, 
and the total precip itation by days was considered for weekly intervals during 
the growing season. Then by setting up arbit rary limits for these facton, 
it was possible to determine the per cent frequency of "hot" or "cold," "wet" 
or "dry" weeb during the growing season based on the phenological mean 
for the forty.year period. Theoretically, by this method it should be possible 
to predict with a fair degree of accuracy those planting dates which would 
permit the plants to blossom in periods of favorable pod·setting weather. 

The per cent frequency figures wen': based on the follOWing limits: 

mean maximum temperature >90" F. 
mean minimum temperature <69· F. 
"Dry" week ; None, Irace or <0.25" of rainfall on lor 2 days of the week 
"Wet" week : 5·6 days of week with ram 

These limil$ were carefully chosen on the basis of the information ob. 
tained in the controlled experiments (Greenhouse Controlled Temperature 
Section). The "week numbers" herein referred to run consecutively from 
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TABLE H--PER CENT FREQUENCY OF DAyS WITH SPECIFIC WEATHER 
r ___ ...;'"O:~::'~'::IONS FOR THE PERIOD 19()8-19f1 AT CAIRO, ILLINOIS 

••• ••• Z~.O 62.5 12.5 10.0 80.0 10.0 ••• ••• ••• 22.5 70.0 '-' 0.' 75.0 n.s • •• 
••• ••• 10.0 67.5 22.S .. , 67.5 30.0 • •• 
••• ••• , .. 65.0 30.0 ••• 47.5 52.5 • •• 
••• ••• '-' 65.0 27.5 '-' 50,0 47. 5 ••• 
••• ••• ••• 65.0 35.0 ••• "., 70.0 '-' 
••• ••• ••• 55.0 45.0 ••• 22 .5 77.5 • •• 
••• ••• ••• 65.0 35,0 ••• 25.0 75.0 ••• 
••• ••• ••• 47.5 52.5 ••• 22.5 17.5 • •• 
••• ••• '-' 62.5 35.0 ••• 30.0 70.0 • •• ••• ••• 72.5 27.5 ••• " .. 60.0 • •• 

••• , .. 75.0 20.a ••• "' .. 5(1.0 ••• 
••• 12.5 70.0 17.5 ••• 70.0 30.0 ••• 
••• 10.0 17.5 12.5 , .. 67.5 27.5 ••• 
••• "., 57.5 15.0 15.0 U.S 22.5 ••• 
••• "., 65.0 '-' 27.5 "' .. 22.5 • •• 

.., '-' 12.5 12.5 
10.0 10.0 10.0 10.0 , .• 22.5 W .• 0.' .. , 

12.5 15.0 , .. IlLS 10,0 
10.0 27.5 10.0 , .. 10.0 
20.0 30.0 10.0 .., ,., 
20.0 25.0 .., ••• 22.5 15.0 17.5 .. , 
20.0 17.5 .., , .. 
15.0 10.0 10.0 ••• 20.0 .., 12.5 .., 
22.5 15.0 15.0 ••• au 15.0 , .. 
2205 

March 1. the period March 1-7 inclusive representing week numher one. 
Analysis of the Oimatological Data for Southeastern Missouri.-Th, 

climatological data obtained from the 4Q.year survey at Cairo, Ill inois i3 
represented in Table 11 and in Graphs 5 and 6. This information was taken 
from the Official Weather Records of the United States Department of Com· 
merce, and the analysis was facilitated by the use of the International Busi· 
ness Machine punch.card system avai lable at the University of Missouri. 

On the basis of the rainfall distribution pattern represented by Graph 
5, the following facts are evident: 

1. After the sixteenth week (June 14-June 20 the likelihood of pod set 
being limited by wet weather is much less than that for dry weather. 

2. As implied above, pod set during the fifteenth and sixteenth week 
may frequently be limited by excessive rainfall. In fact, judging 
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from the data, with the per cent frequency averaging h,·enty.five, one 
would expect critical limitation to pod set lone year in four from 
excessive rainfall. 

3. There is a very great likelihood (approaching 50 per cent frequency) 
that pod set on plants blOMoming during the twentieth to twenty.third 
week will be limited as a result of lack of rainfall. 

4. COMidering only rainfall distribution, the period f rom the $Cl'en· 
ttenth to nineteenth and the twenty.fourth to twenty.sixth weeks would 
provide the best moisture relationships for pod set. 

r emperature Dala.- Minimum night temperature. An analysis of the 
data using a mean minimum temperature below 69° F'. as the limit (Graph 
6), points out the follow ing facts : 

Up to the seventeenth week (June 21·June 27 ) and after the twenty.sixth 
week (August 23.August 29) one can exp«t the mean minimum temperature 
to be leM than the required minimum greater than fi fty per cent of the time, 
or one year out of every two years. 

Maximum daytime temperature. The mean maximum temperature graph 
with the limit set at goo F. or greater shows in general ths t pod set is not 
likely to be limited severely (that is, greater than 50 per cent frequency) 
during any part of the growing season. The greatest likelihood for limited 
pod set as a result of high daytime temperature would be in the period of 
the twentieth to twenty.third week. 

Application of the Data to the Problem.- Considering the climatological 
data in its entirety, the optimum weather conditions for pod set and high 
yield in Southeastern Missouri woul d normally occur during the foll owing 
weekly periods: June 21·27, J une 28.July 4, July 5·11, Augun 2.8, August 
9.15, and August 16-22. Consequently, the cultural practices should be 
modified so as to promote flowerin g during these periods. 

DISCUSSION 
The evidence obtained in these studies indicatCi that the f requent fail ure 

to obtain satisfactory pod set with the large.seeded lima varieties can be 
att ributed directly to inadequate fertilizat ion of the ol'ules. In order to 
I're\'ent abscission of the fl ower within the forty·eight hour period following 
pollination, it was found necessary that at least one ovule in the ovary be 
fertilized. 

The histological evidence from this study supports the contention that 
poor fertili~ation most f requently results fro m a failu re of the microgamete 
to reach the egg while the latter is receptive. The following observations 
attested to the very sensitive nature of the pollen grllins of lima spt(:ies: 

( 1) very exacting osmotic requirements fo r po llen germination in vitro 
(2) remnants of ruptured pollen grains frequently found on the stig. 

matic surface 
(3) germination of pollen prior to release from the anther 
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(4) frequent occurrence of partially-filled pod!>. 
Il would appear, therefore, that lima species, especially the large.seeded 

types, are l imited ecologically to a narrow environmental complex by reason 
of their sensi tive pollen. Since the expression of the climat ic and edaphic 
effects is directly through the pollen, the results on pod sct can now be 
interpreted on thi, basis. 

The results, however, do not support the widespread belief that the fail. 
ure to sct is indirectly due to high temperatures. In fact, in carefully con· 
trolled greenhou.se experiments. the environmental factor found limiting pod 
set to the greatest degree was the available soil moisture. Pod set was mark· 
edly lowered at soil moisture levels exceeding field capacity or at those 
approaching the wilting coeffici~t. Under field conditions, frequent heavy 
rains at the beginning of the blossoming period may seriously limit and 
t.ometimes almost completely prevent bual pod set. apparently by favoring 
rupture of the pollen Silins prior to or during germination. The difficulty is 
aggravated by close plant spacing and by vigorous vegetative growth. 

Air temperature was found to be an important factor limiting pod set 
markedly only at the upper and lower temperature extremes for satisfactory 
vegetative growth of warm season crops. The controlled temperature experi. 
ments indicate that the minimum night temperature may be as important in 
limiting set as high daytime temperatures. However, considerable varietal 
difference was found in this respect ; the Fordhook 242 variety being con· 
siderably more tolerant of low temperature than regular Fordhook. Other 
than the temperature factor, differential response of the large-seeded varieties 
to the environmental complex may be attributed largely to the relative ability of 
the plants to maintain s. favorable moisture relationship on the stigmatic 
~urface. This conclusion supports that of Andrews (3) who att ributed the 
larger yield of the small·seeded varieties un der unfavorable conditions to their 
relatively greater root system and more efficient leaves. In addit ion, the 
small·seeded varieties. such as Henderson possess a smaller keel which is 
more compactly arranged around the pistil-a feature which may retain we 
pollen in contact wiw the stigmatic surface for longer periods of time Ilnd 
favor pollen germination under drought conditions. 

The results from various fertilizer treatments emphasize the importance 
of timely application as well as carefully controlled rates. Heavy side·dress
ing applications of soluble nitrogeneoils fertilizers during the blossoming p.er. 
iod inhibit pod set. Excessive nitrogen fertilization on low phosphorus soils 
may also affect pod set hy delaying anthesis and shifting the pollination date. 

Pod itt and yield are not necessarily comparable, even though the "ca. 
pacity ~et" for the plant is reached, since floral and pod abscission may occur 
as a result of competition among the developing pods for essential metabolites. 
It is apparent from there results that satisfactory yields depend first upon 
obtaining the "capacity set" of pods during the f irst two weeb of the hlos. 
soming period. With this provision, good yields are then dependent pri. 
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marily upon the metabolic activity of the plant. Sunlight duration and in· 
tensity, and "-he "active" led area of the plant then become very important 
Cactou. In this respect, the final yield of the bush varieties was found to be 
closely associated with the habit o{ growth of .the p lant. Excessive internode 
elongation as a rClluit of low light intensity, high temperature, and high soil 
fertility gave an indeterminate type of growth with the terminal racemes rna· 
luring pods at the expense of the basal fl owers. 

Since pod set and yields are so closely dependent upon the environmental 
conditions, the most logical practical tlpproach in obtaining satisfactory 
yields with a particular variety in a given area appean to be the application 
of the principleS of phenology. An analysis of the weat~er pattern to determine 
the most favo rable blossoming per iods together wi th the necessary modification 
of culture practi,ces to p romote fl owering during these per iods should p rove 
mott helpful. 

SUMMARY 
The frui ting behavior of se"eral varieties of bush lima beans wa.s in. 

vestigated in the greenhouse and in the field under widely variable cond i
tions of air temperature, relative humidity, available soil moisture, soil fe r
tility, and light. From these studies the following conclusions were reached: 

(l ) The failure to obtain a "capacity set" with large-seeded lima va
rieties is most freq uently due directly to inadequate fertiliution of 
the ovules. 

(2) The expression of climatic and edaphic facto n on pod set is pri
mari ly through pollen tube growth and fertiliution . 

(3) Floral abscission during the initial stages of flowering is largely 
independent of the leaf area, and generall y occurs within forty. 
eight hours follOWing the hooded bud stage in the ease of unfertilized 
flowen. A minimum of one ovule per pod must be fertilized and 
start development to prevent abscission. 

(4) Pod set and yield are not necessarily comparable, since f1o ..... er, bud, 
and pod abscission may occur later in the blossoming period as 
a result of their competition for essential metabolitell. If the "ca· 
pacity set" is obta.ined during the ( irst two weeks of flowering, 
the yield is dependent primarily on the "active" leaf area a.nd light 
conditions. 

(5) Several lines of evidence are presented which ind icate that the nar
row ecological adaptation of large-seeded lima varieties is due 10 the 
very sensitive nature of the micros pores. 

(6) The ou~tandin g morphological characteristics of the varieties are 
discussed together with their possib le correlation with pod set. 

(7) There was no his tological evidence of structural abnormalities which 
would suggest any specific form of steri lity in any of the varieties or 
treatments. 
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(8) Within the experimental limits, the water relations of the soil.plant 
complex were fou nd to have a greater effect on pod set than high 
temperature. In all cases, satisfactory pod set Willi dependent upon the 
maintenance of a favorable moisture supply to the stigmatic sulface. 

(9) Control1r.d temperature experiments indicated that the minimum 
night temperature is an important consideration as well as the maxi· 
mum day temperature. 

(10) In comparing adaptability of varieties, the Fordhook 242 was found 
to be more tolerant than regular FordhQok to low temp~rature and 
excesSive soil moisture. 

(11 ) Conditions contributing to rapid "egetative gr()wth and 'excessive 
internode elongation promote an indeterminate type of growth with 
the terminal racemes maturing pods at the expense of the basal 
flowers. Under these circumstances, leaf area is not a true index 
of the pod.currying capacity of the plant. 

(12) The application of phenological principles to cultura l practices ap
pears to afford the most practical means for providing satisfac\Ory, 
consistent yields with a particular variety or ~t rain within a given 
area. 
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