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ABSTRACT 

Plants of Medicago sativa L. var. Moapa were 

studied under field conditions at Tucson, Arizona, during 

1963 and 1964 to deterime the influence of ambient temper

ature and reserve carbohydrates in the roots on the change 

from a vegetative to a reproductive stage of growth and 

seed set in alfalfa. 

Treatments consisted of cutting alfalfa plants so 

that growth for seed production began in each of six dif

ferent months of the growing season. Growth for seed 

production started first in April and continued through 

September; thus plants which began growth for seed produc

tion in September had been previously harvested for forage 

six times. Forage was removed at the one-tenth bloom 

stage of growth prior to and after seed production in each 

of the six management treatments. 

Histological examination of the terminal buds in 

the April, June, and August treatments during 1964 indi

cated that the formation of precocious racemes in the 

axils of leaf primordia near the apex of the main stem 

was the first indication that a stem had changed from a 

vegetative to a reproductive stage of growth. The ter

minal apex of the main stem never became completely 

xi 
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reproductive but continued to differentiate leaf primordia 

ana reproductive structures. 

Floral initiation occurred in 12 days on plants 

that were cut to start growth for seed production in 

April, 3 days for the June treatment, and 2 days for the 

August treatment. When the number of nodes from the base 

of the stem to the first raceme was used to indicate the 

length of the "flowering interval," there was a signifi

cant and negative correlation between the time required 

for floral initiation and the average minimum (night) 

temperatures during the first three weeks after plants 

had been cut to start growth for seed production. 

The concentration of stored carbohydrates in the 

roots of alfalfa plants was found to be lower during the 

period of floral initiation and rapid vegetative develop

ment. Total acid-hydrolyzable carbohydrates did not show 

any consistent relationship with seed yield; however, the 

number of seeds per pod, number of racemes per stem, 

number of bracts (flowers) per stem, and the number of 

pods per stem showed significant and positive correlation 

with the percentage of total acid-hydrolyzable carbo

hydrates in the roots at bud stage. 

The concentrations of sucrose, glucose, fruc

tose, free sugars, and combined sugars in the roots at 

the end of the first and second weeks after forage removal 
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in the April, June, and August treatments showed positive 

and significant correlation with seed yield. 

Average maximum temperatures during the entire 

seed production period appeared to be associated with seed 

production in 1963, but in 1964 the average maximum tem

peratures accounted for only 23 per cent of the variation 

in seed yield. Average minimum temperatures did not 

appear to be associated with seed yield in 1963, but during 

the 1964 growing season, plants which were subjected to 

the highest minimum temperatures produced less seed and 

had fewer seeds per pod. 

The forage production was highest when plants were 

cut to start growth for seed production in July, August, 

and September. Seed production was highest from plants 

that began growth for seed production in April, May, and 

June. 



INTRODUCTION 

Various environmental and physiological factors 

influence alfalfa seed and forage production. In the. south

western United States, the "summer slump" which has been 

noted in forage production during July and August appears 

to be closely associated with both high night and day tem

peratures during this growth period. These high tempera

tures may reduce photosynthetic rates and slow down the 

biosynthesis of carbohydrate constituents which are used 

to provide energy for the production of new vegetative 

growth after each successive removal of top growth. 

Undoubtedly, respiration is occurring at a much higher rate 

during this period which would also tend to reduce the 

amount of carbohydrate constituents stored in the roots and 

crown. 

Yields of alfalfa seed fluctuate widely in the 

Southwest even though the climate appears favorable for the 

production of seed. The change from a vegetative to a 

reproductive stage of growth is both an anatomical and a 

morphological process which is affected by many physiolog

ical and environmental factors. Since floral initiation 

is a basic phenomenon preceding seed formation, the 

different carbohydrate constituents present and their 
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concentrations during this process may determine not only 

the amount but quality and characteristics of the seed pro

duced. 

Data regarding the amount and kind of carbohydrate 

constituents in the roots of alfalfa plants during the 

change from a vegetative to a reproductive stage of growth, 

when grown under different environmental conditions, may 

serve to indicate the physiological basis of the influence 

of certain environmental factors on flowering and its rela

tion to the overall physiology of the plant. Information 

pertaining to the overall effect of temperature on the 

percentage of different carbohydrate fractions, change 

from a vegetative to reproductive stage of growth, seed 

production, forage production and plant survival will pro

vide a more scientific basis for alfalfa management and 

for predicting growth patterns, forage and seed production. 

This study was initiated with the following objec

tives : 

1. To determine the exact time of floral initia

tion in alfalfa plants when they are allowed to produce 

seed at specific periods during the growing season. 

2. To determine the carbohydrate fractions 

present and their concentrations in the roots as alfalfa 

plants change from a vegetative to a reproductive stage of 

growth. 



3. To determine the effect of temperature on 

floral initiation, seed set, seed weight and forage and 

seed production. 

4. To determine the best management system for 

providing maximum seed and forage production when plants 

are harvested for both during the same year. 



LITERATURE REVIEW 

The production of alfalfa seed and forage varies 

considerably depending on management practices, environ

mental and genetic factors, and the physiological condition 

of the plant. The production of alfalfa seed is a highly 

localized industry (35) • Klages (50) reported that even in 

the specialized seed-producing areas, wide fluctuations in 

yields were experienced from year to year. Therefore, 

alfalfa may be designated as exhibiting erratic character

istics with regard to its reproductive habits. 

Factors Affecting Seed Yield 

Many factors have been studied in an attempt to 

explain the fluctuation in seed yield. The effect of 

environmental factors may be expressed externally by 

affecting the development of the top growth and flower 

initiation or internally by changing or altering certain 

physiological processes associated with food synthesis, 

translocation and storage. Grandfield (38) investigated 

the effects of soil moisture, humidity, air temperature, 

and organic food reserves on alfalfa seed production and 

concluded that an air temperature of 26.6®C., low humidity, 

and soil moisture below optimum produced vegetative growth 

4 
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conducive to the storage of organic food reserves. 

Grandfield stated that these environmental conditions and 

high organic food reserves were essential for desirable 

seed set. 

An extensive literature review regarding the fac

tors which influence alfalfa seed production has been pre

sented by Englebert (27). She listed thickness of stand, 

soil moisture, rainfall, and temperature as the major 

factors involved in the variation of seed yield in alfalfa. 

Englebert's research centered around the factors that influ

ence the tripping of flowers, characteristics of alfalfa 

pollen and climatic factors related to seed yield. She 

concluded that climate was the major factor which caused 

the seasonal fluctuation in alfalfa seed production, and 
% 

that the amount and distribution of summer rainfall 

appeared to be the most influential climatic factor. 

Scofield (79) in southern California, Taylor et 

al. (92) in northern Utah, and Stanberry et al. (88) in 

southern Arizona have all studied the relationship of mois

ture to alfalfa forage and seed production. These workers 

found that alfalfa forage yields were reduced with increas

ing moisture tensions of the soil. Taylor et al. (92) 

studied the response of alfalfa seed production to various 

degrees of moisture tension in the soil and obtained 

maximum yields by keeping the soil continuously moist until 
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the plants were in early bloom and then withholding further 

irrigation water. Greenhouse and field studies by Tysdal 

(95) indicated that a high soil moisture content had no 

effect on alfalfa seed production. He found that plants 

growing in soils of high and low moisture content produced 

about the same amount of seed; however, when high soil 

moisture was coupled with dense stands and lodging, low 

seed yields resulted. Over fifty years ago, Westgate et 

al. (98) proposed that a delicate balance must be main

tained with regard to soil moisture during the period of 

seed formation and maturity. He stated that soil moisture 

should be adequate to mature the developing seeds and yet 

low enough to retard development of crown buds. 

One of the most controversial factors that has been 

listed as affecting alfalfa seed production has been the 

importance of tripping. Brink and Cooper (16) and Carlson 

(20) reported a high seed yield without tripping and 

Englebert (27) stated that honey bees were no longer 

thought to be of direct importance in the tripping of 

alfalfa. She believed that self-fertilization of alfalfa 

without tripping was a common occurrence. Armstrong and 

White (5), Piper et al. (71)> Tysdal (94) and Menke (61) 

all reported that tripping appeared to be necessary and 

might well be a factor in determining alfalfa seed yield. 
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Tysdal (94) pointed out that cross-pollinating insects must 

be present for tripping in order to obtain satisfactory 

seed yields. He stated: 

"Providing for an abundance of these bene
ficial insects together with elimination of 
plants competing for beneficial insect visita
tion during the time of alfalfa bloom, is an 
important 'must' for consistent, successful 
alfalfa seed production." 

Silversides and Olson (80) reported that cross-

fertilization was probably the primary reason for high 

seed set on plants which were kept uncaged and untripped 

by mechanical means. These research workers showed that 

mechanical tripping tended to increase seed set as com

pared to caged plants which were not tripped by some mech

anical means. Silversides and Olson further reported that 

the uncaged plants which were not mechanically tripped 

showed the highest number of seeds per pod. 

Those investigations that have provided data which 

support the importance of tripping for successful alfalfa 

seed yields tend to coincide with the train of events 

which must occur prior to and during seed set as outlined 

by Armstrong and White (5). These events include the 

shedding of abundant, viable pollen, release of the stam-

inal column from the keel and rupture of the stigmatic sur

face. They also stressed the importance of the water balance 

within the plant and believed that adequate moisture must 
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be present for germination of the pollen, extension of the 

pollen tube and prevention of abortion of the developing 

ovules. 

Bolton and Fryer (10) and Pedersen (69) supported 

the theory that an accumulation of genetic factors which 

contribute to fertility may tend to maintain a high level 

of seed production in certain plants even though environ

mental conditions may be somewhat unfavorable. Their con

clusions indicated that since there are so many environ

mental factors that have been shown to affect alfalfa seed 

production, the first step toward improvement of seed 

yields might well be the selection for the character of 

seed set. 

Ryle and Langer (77) stressed the importance of 

understanding the physiological processes associated with 

flowering as a tool for better seed production. They sug

gested that seed yield was determined by the environmental 

conditions at each physiological stage of growth. 

Chemical Constituents and Growth Responses 

Numerous investigations (7, 8, 19, 26, 31, 36, 39) 

have been initiated to determine the correlation between 

internal changes of chemical constituents and certain ele

ments of growth. Carbohydrate content has been the target 

of many such investigations primarily because of its role 

in plant metabolism. Beinhart (8) compared the free sugar 
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concentration of white clover roots with top growth, leaf 

production and branching. Although he found a clear cut 

difference in growth responses to temperature and light, no 

consistent relationship existed between plant development 

and concentration of free sugars. Carlson et al. (19) 

studied the formation of localized meristematic areas that 

produced adventitious stems in alfalfa and reported that 

even though the weight of topgrowth decreased under short 

days, root weight and total acid-hydrolyzable carbohydrates 

remained constant. These workers proposed that since there 

appeared to be no apparent change in carbohydrates as a 

result of the initiation of new meristematic regions, such 

areas were a result of growth hormones whose production 

depended on daylength, temperature and defoliation. 

Smith (83) emphasized that a knowledge of the trend 

of available carbohydrates in alfalfa roots is fundamental 

to an understanding of plant responses. Salmon et al. 

(78), Graber and Sprague (37)» Grandfield (39), Grauman et 

al. (40), Smith (82) and Feltner (31) have all shown that 

the storage and utilization of carbohydrates in alfalfa 

roots follow a rather definite pattern. The percentage of 

total acid-hydrolyzable carbohydrates in alfalfa roots 

decreased during the early spring and immediately after 

each cutting but began to increase when sufficient photo-

synthetic area was produced. Alfalfa plants did not store 
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carbohydrates until the photosynthetic area was great enough 

to produce more sugars than was being utilized. 

Kust and Smith (52) reported that there was a def

inite relationship between the number and date of cuttings 

and the carbohydrate level maintained in the roots of 

alfalfa. Their conclusions supported the fact that carbo

hydrates declined under frequent cuttings and were closely 

correlated with stand maintenance and forage production. 

Similar information ha3 been reported by Gross et al. (41), 

Nelson (66), Willard (99) and Smith (01). Additional infor

mation to support the theory that a high correlation exists 

between carbohydrate levels and plant responses has been 

presented by Salmon et al. (78), Graber and Sprague (37), 

Kust and Smith (52), and Feltner (31). These' workers have 

shown that cutting at the full-bloom stage of growth not 

only aids in maintaining a higher level of carbohydrates 

in the roots, but there was a smaller decrease in plant 

numbers, and stands persisted for longer periods of time. 

Effect of Temperature on Metabolism and Flowering 

The fact that temperature plays a vital role in the 

overall physiology of the plant was demonstrated by 

Ketellaper and Bonner (49) with their work on the chemical 

basis of temperature responses in plants. They applied 

sucrose, ribose and vitamin combinations to plants which 

were grown in environments with above-optimum temperature 
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conditions, and found that application of a ten per cent 

sucrose solution to pea plants grown at a day temperature 

of 32°C. and a night temperature of 17*C. caused a 56 per 

cent increase in dry weight. With the increase in dry 

weight of these plants, their production was equal to those 

plants grown under optimum temperature. Ketallaper and 

Bonner (U9) suggested that a partial'prevention of the 

reduction in dry weight caused by unfavorably high temper

atures may occur through the application of certain essen

tial metabolites. 

Ford and Zimmerman (32) studied the difference in 

oil content, unsaturated fats and fatty acids as influ

enced by certain environmental factors in flax. They 

reported that temperature had a definite effect on these 

constituents, and that the daily maximum temperature dur

ing seed development inversely affected the oil content 

and iodine number. Beevers and Cooper (7) investigated 

the influence of temperature on growth and metabolism of 

ryegrass seedlings and reported that carbohydrates were 

higher when plants were grown at a continuous temperature 

of 12°C. than when grown at a continuous temperature of 

25*C. Their work indicated that both reducing and non-

reducing sugars were greater in plants grown at lower 

temperatures when compared with plants grown at high tem

peratures. Beinhart (8) found that the concentration of 
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maltose declined in white clover plants grown at 35®C. 

when compared to that for plants grown at 23*C. ; however, 

he reported that sucrose increased with increasing temper

atures . 

It appears that a thorough knowledge of the flower

ing process would be essential for investigations concerned 

with physiological or environmental factors that effect 

seed production. Lang (54) pointed out that the phenome

non of flowering was not just one process, but a series 

of physiological and morphological changes which eventu

ally led to anthesis. He suggested that the four major 

stages of flowering involved are (1) floral initiation, 

(2) floral organization, (3) floral maturation and (4) 

anthesis. The physiological and environmental require

ments for any one of these stages may be somewhat differ

ent; however, extensive literature is available which 

refers to the term "flowering" without adequate reference 

to the exact phase used for evaluation. 

Nittler and Kenney (67) tried to establish a tem

perature range for early floral induction so that several 

varieties of alfalfa, birdsfoot trefoil and red clover 

could be made to flower earlier in their life cycle. They 

indicated that when temperatures were lowered from 27*C. 

to 24°C. during the dark period, a reduction in the number 

of flowering plants was noted. Although alfalfa varieties 
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displayed a wide variation in temperature requirements for 

flowering, the maximum flowering in their study occurred 

when plants were grown under continuous light of 2,200 

foot candles and a continuous temperature of 27 *C. Their 

results indicated that high light intensity, long photo-

period, and high temperatures promoted the early production 

of visible flower buds. 

The hypothesis that temperature directly or indir

ectly affects flowering and eventual seed set was sup

ported by Jones (48). After discovering that plants which 

were selected for high seed setting were also those plants 

which had flowered earlier, he suggested that genetically 

controlled characters chiefly responsible for differences 

in pod setting could only be postulated. This investi

gator listed length of day and temperature at the time 

the stems were formed as possible environmental factors 

affecting the position of flowers and the suitability of 

these flowers for seed production. Mauney and Phillips 

(59) studied the influence of night temperature on flower

ing of cotton and tested the flowering reaction of over 

thirty species and varieties under high and low tempera

tures. They found a wide fluctuation with regard to the 

optimum temperature for flower induction, but no types 

were noted that flowered more readily under a night temper

ature of 30°C. than under night temperatures of 17*C. 
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Cool nights appeared to be conducive to flower bud forma

tion, and further maturation of the flowers also depended 

on temperature. 

Flowering of some plants appeared to be affected 

by temperature, but their reactions were noted only under 

an optimum photoperiod (13). Borthwick and Parker (13) 

found that flowering did not occur in Biloxi soybeans when 

the night temperature was held at 130C., but flowering 

could be induced by raising the temperature to 18®C. dur

ing the dark period. Roberts and Struckmeyer (75) inves

tigated the effect of temperature on photoperiodic 

responses and reported that out of 22 species of long-day 

plants and eight species of short-day plants, flowering 

was favored by a temperature of 13°C. during the dark 

period as opposed to a higher temperature of 22® to 24°C. 

The importance of temperature and photoperiod as 

major factors which influence flowering was emphasized in 

the extensive reviews by Lang (54)» Liverman (57) and 

Doorenbos and Wellensick (25). The morphogenic photocycle 

presented by Liverman (57) to explain the photoperiodic 

mechanism involved the production of a growth active auxin-

receptor complex that directed the utilization of ATP. 

He suggested that once the auxin-receptor complex had been 

formed, the reactions which proceeded to form auxin 

responses were temperature sensitive. The fact that 
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photoperiodic responses depend on other environmental con

ditions was demonstrated by Garner and Allard (34) and 

Snyder (87) when they discovered that soybeans did not 

give the expected reactions to length of day when grown 

under high temperatures. Britten (17) concluded that low 

temperature associated with high altitude was a compensa

ting mechanism for floral initiation in long-day plants, 

and Bula (18) noted that within the Dollard variety of red 

clover floral initiation was regulated by some environ

mental factor other than photoperiod and light intensity. 

Knott (51) also investigated the effect of temper

ature on photoperiodic responses and found that the higher 

the temperature under which spinach plants were grown the 

shorter the period until blooming, provided the plants had 

previously been exposed to cool temperatures. Aitken (2) 

reported an acceleration in floral initiation in Subter

ranean clover when plants were exposed to low temperatures, 

and Laude et al. (56) found that flowering was hastened 

as much as eight weeks in 21 selected clones of Ladino 

clover when plants were exposed to cold temperatures. 

Roberts and Struckmeyer (74) studied plants of 40 fami

lies including 127 species to establish if a relationship 

existed between the effect of temperature and other envir

onmental factors upon photoperiodic responses. They con

cluded that photoperiod could not be considered as an 
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independent and unmodifiable factor, but rather, photo-

period along with other factors of the external environment 

created an internal condition in the plant that resulted in 

flower bud initiation. They also suggested that investiga

tions to determine why plants flower should include research 

on the internal conditions or physiology of the plant. Even 

though different factors of the environment appear at times 

to be the primary ones regulating floral initiation, this 

may be possible only because those factors induce certain 

conditions within the plant which result in flowering. 

Evans (30) suggested that flowering in Subterran

ean clover was under the control of three interacting par

tial processes, all of which he felt were in some way 

controlled by temperature. Morley and Evans (62) reported 

that exposure of Subterranean clover to long-day photo-

periods at high temperatures greatly accelerated floral 

initiation in all strains. They proposed that a decrease 

in flower initiation at low temperatures was due not only 

to the retardation in formation of floral primordia, but 

that some inductive process other than vernalization was 

limited. In contrast to the work of Morley and Evans (62), 

Aitken (2) examined several varieties of Subterranean 

clover and found that flower initiation was accelerated in 

all varieties by a period of low temperature. Flower 
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initiation was prevented by an insufficient period of low 

temperature; however, the length of the necessary cold 

period could be shortened when plants were placed in an 

environment with a long photoperiod. Additional research 

by Aitken (3, 4) has emphasized the role of temperature in 

floral initiation. 

Chailakhian (21) pointed out that many experiments 

have shown the change from a vegetative to a reproductive 

stage of growth can occur under various combinations of 

environmental factors. Therefore, he suggested that the 

center of gravity of ontogenic processes lies not in the 

environment, but in the plant itself, and that the tran

sition of plants from a vegetative to a reproductive stage 

of growth was realized as a result of the functional 

activity and interaction of the roots, stems and leaves. 

Chailakhian further stated that flower initiation should 

be considered as a process in which the roles of the leaf, 

stem and roots are mediated through their metabolites 

which are translocated from these organs to the stem tip 

where floral initiation occurs. 

The influence of temperature on anthesis and 

eventual seed formation and maturity following floral 

initiation has been investigated by Smith and Pryor (85). 

They found, with bean plants, that high temperature 

reduced the per cent of flowers that set pods and the 
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number of seeds per pod. Also, if bean plants were in 

bloom during a period of high temperature, there was a high 

mortality of flowers. Davis (24) reported that when bean 

plants were exposed to temperatures above 24°C. there was a 

two per cent reduction in pod set for every degree rise in 

temperature. Lambeth (53) found that there was a signifi

cant negative correlation between the mean daily tempera

ture and per cent pod set of Tendergreen snap beans. Addi

tional work by Van Schaik and Probst (97), Blinkley (9), 

and Cordner (23) indicated that high temperatures prior to 

and during anthesis have a deleterious effect on flower 

set, blossom drop, pod set and eventual seed production of 

various species of beans. Smith's (86) studies with toma

toes showed similar results, but he concluded that the 

temperature which existed approximately three days before 

anthesis had the greatest influence on flowering and 

blossom drop. Smith also reported that soil moisture and 

low humidity were important factors that influenced 

anthesis and flower drop. 

Anatomy and Morphology of Alfalfa 

Excellent anatomical descriptions of alfalfa stems, leaves, 

and roots have been presented by Hayward (44)• Macrosporo-

genesis and embryology of alfalfa have been investigated by 

Martin (58) and Cooper (22), and microsporogenesis and polli

nation were described by Reeves (73) and Brink and Cooper (16). 
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However, there appears to be no literature which describes 

the anatomical and morphological changes that occur at the 

terminal bud of alfalfa during the change from a vegeta

tive to a reproductive stage of growth. Hackett and 

Hartmann (42) recognized the influence of low temperature 

on floral initiation of the olive and suggested that the 

striking increase in flower formation after the buds had 

been exposed to low temperatures was associated with the 

initial morphological changes in the buds, and that thiw« 

response was an expression of low temperatures. 

Borthwick and Parker (12) and Murneek and Gomez 

(65) found that the first visible flower primordia on soy

beans appeared in the axils of the fourth or fifth leaf 

from the apex of the main axis and in corresponding posi

tions on side branches. They reported that flower pri

mordia were produced by axillary buds which originated in 

the axils of the embryonic, unexpanded compound leaves 

near the terminal meri3tem. 

Thomas (93) stated that the first morphological 

sign of the transition from a vegetative to a reproduc

tive condition was the initiation of what he termed a 

"double ridge" which consisted of a precocious axillary 

bud primordium subtended by a leaf primordium. He stated: 

"With the onset of the reproductive state, a 
precocious bud primordium (the axillary tissue 
of a double ridge), which later develops into 
the inflorescence is initiated in the axil of 
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the youngest leaf primordium. The apical meri-
stem remains vegetative and is still capable of 
producing both vegetative and reproductive tis
sue." 

Aitken (2) also reported that an axillary bulge 

was formed adjacent to the shoot apex and that once the 

inflorescence develops from this double ridge, expansion of 

the internodes between those nodes which produced inflor

escences occurred. Other morphological changes that have 

been associated with the change from vegetative to repro

ductive stage of growth include broadening of the apical 

meristem, rapid elongation of the apical dome and increase 

in the proliferation of axillary bud primordia (28), (44) > 

(70). 

Langer and Bussell (55) investigated the effect of 

floral initiation on the rate of leaf initiation and found 

the rate of leaf initiation to be significantly greater in 

flowering shoots when compared with non-flowering shoots 

regardless of the photoperiodic sensitivity of the plant. 

They concluded that floral initiation and leaf initiation 

were universally associated, and that leaf initiation along 

with apical elongation and early development of axillary 

buds was an essential step in the morphological sequence by 

which floral initials were produced. Bula (18), Borthwick 

and Parker (11), Britten (17) and Lang (54) have all 

emphasized that a certain photosynthetic level must be 

reached before the initiation of flowers can occur. 
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Friend et al. (33) and Evans (29) concluded that the total 

leaf area cannot limit floral induction. Friend et al. 

found leaf areas to be similar on wheat plants grown at 10®, 

15° and 30°C., and they were not associated with time of 

flowering. These researchers concluded that the final leaf 

number prior to flowering represented "an accident governed 

by the relative rates of two types of growth, vegetative 

and reproductive." 

Struckmeyer (90) reported that the anatomical 

changes associated with flowering occurred before flower 

primordia became visible, and that these changes in tissue 

arrangement and structure were similar regardless of the 

environmental factors used to induce the reproductive 

stage of growth. 

Chemical Changes During Flowering 

Practically no literature is available which relates 

to the changes in chemical constituents in the roots of for

age plants during the change from a vegetative to a repro

ductive stage of growth and during seed set and maturity. 

Research by Smith (82), Grandfield (39), Salmon et al. (78) 

and Feltner (31) has shown that the level of reserve carbo

hydrates in alfalfa roots was lowest in plants which were 

cut at the bud stage of growth, and that root reserves did 

not begin to increase until the photosynthetic area appeared 

to reach a certain level. These results would indicate 
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that after the top growth has been removed, carbohydrate 

reserves stored in the roots are used in the production of 

new vegetative stems and in the initiation, formation and 

maturation of flowers. Since alfalfa pollen matures early 

in the bud stage (5), there is every possibility that floral 

initiation and formation is completely dependent on carbo

hydrates which have been stored in the roots. 

Eaton and Joham (26) studied the effect of level of 

carbohydrates in cotton roots on flowering and found that 

defruiting the cotton plant doubled the fresh weight of the 

roots at the end of a 22-day period. They also found that 

the carbohydrate level in the roots of plants whose fruit 

had been removed was three times as great as in plants 

which were allowed to set fruit. Boughey (15) also studied 

the changes in the cotton plant during boll formation and 

found a marked decline in the dry weight of all organs dur

ing the time of boll development. His conclusions were 

quite similar to Eaton's and Joham*s (26) who believed the 

root weight decreased because the carbohydrates were used 

in fruit formation. 

Pult25 (72) investigated the carbohydrate composi

tion of sugar beet roots and its relation to seed yield. 

He found that carbohydrates disappeared rapidly from the 

roots after the seed stalk had been formed. Early work by 

Murneek (63, 64) showed that dry weight accumulation in the 
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roots of a fruiting plant was less than plants of the same 

age whose fruit was not allowed to develop. Murneek fur

ther reported that tomato plants which had the fruit removed 

displayed higher root weights than those plants allowed to 

complete the normal reproductive cycle. 

Austin (6), Nutman (68), Roberts and Struckmeyer 

(76) and Hewlett (46) have all shown that there is a rela

tionship between flowering and fruit production and the 

level of food reserves stored in the plant. In some 

instances they reported a reduction in dry weight of stems, 

leaves and roots during the reproductive processes; how

ever, Nutman (68) stated that there was a "condition of 

acute carbohydrate starvation, coupled with the sweeping 

out of starch from the roots" at the time of fruit produc

tion in the coffee tree. 

Bothwick et al. (14) investigated the chemical 

changes of carbohydrates in leaves and stems of the soy

bean during the period of flower initiation. They found 

that the carbohydrate content of the plant was influenced 

by different temperature treatments and as temperature 

during the dark period was increased, a decline in per

centage of carbohydrates was noted. However, these workers 

concluded that carbohydrate changes in the plant could not 

be correlated with the morphological changes which led to 

floral initiation. Addicott and Lynch (1) stated that the 

amount of fruit produced by many species was probably 
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regulated by the amount of carbohydrates in the plant. 

More recent investigations by Vanden Born (96) have indi

cated that certain distinct areas of the terminal bud of 

white spruce contained much more phosphatase during the 

change from a vegetative to a reproductive stage in growth. 

If this increase in phosphatase can be associated with the 

transformations of translocated or stored carbohydrates to 

be used in floral initiation, histochemical investigations 

during flower initiation may lead to an identification of 

the major substrates involved. Vanden Born (96) stated: 

"It is possible that at the bases of needle 
primordia and cone scale primordia similar carbo
hydrate transformations involving phosphatase 
activity takes place, thus forming a link between 
the substrate-transporting vascular tissue and 
the substrate-utilizing tissue." 



METHODS AND MATERIALS 

The field research for this study was conducted at 

The University of Arizona Campbell Avenue Farm, Tucson, 

Arizona. In October of 1962, six borders were seeded to 

Medicago sativa L. var. Moapa with a Brillion cultipacker 

seeder at the rate of 12 pounds of seed per acre. Ninety 

pounds of available phosphate per acre, in the form of 

treble super phosphate, were incorporated into the soil 

during seedbed preparation. Plots were irrigated imme

diately after seeding to insure sufficient moisture for 

germination and emergence. 

The field design consisted of six borders with each 

border representing one forage-seed treatment. Within each 

border, six replicated plots were established with each 

plot measuring 45 feet long and 25 feet wide. The treat

ments were stripped in the field design because the irriga

tion system provided for water application only at one end 

of the field. Alleys three feet in width were established 

between each replicated plot, and a ten-foot guard strip 

was left on both ends of each border. Figures 1 and 2 

illustrate the field arrangement and design. 

Treatments consisted of managing alfalfa plants so 

that growth for seed production began in each of six 

25 
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Figure 1. Field design used for studying the effect 
of temperature and reserve carbohydrate 
materials on forage and seed production. 
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Figure 2. Photograph showing the arrangement 
of field plots and plants used to 
study the effect of temperature and 
reserve carbohydrate materials on 
forage and seed production. 
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different months of the growing season. Growth for seed 

production started first in April and continued through 

September; thus plants initiating growth for seed produc

tion in September had been previously harvested for forage 

six times. Forage was removed at the one-tenth bloom stage 

of growth prior to and after seed production in each of the 

six management treatments. 

During 1963 and 1964, forage production, was deter

mined by cutting and weighing strips three feet in width 

the length of each replicated plot. A Milbrandt power 

mower was used to clip the forage. This mower gave a uni

form cut approximately two inches above- the soil level. A 

sample of approximately 500 grams was taken from the forage 

produced on each plot, during 1963 and 1964, dried in a 

forced air drier at 65°C., and weighed in order to deter

mine the percentage of moisture for dry weight calculations. 

Counts of the number of plants per two square feet 

were made on December 20, 1962, when seedlings were four 

inches in height. Ten counts were made within each repli

cated plot of the six treatments. The number of plants 

whose entire crown was located within a wooden frame (two 

square feet) was recorded. This area was then staked and 

plotted on a field map for future reference points in dig

ging roots and determining the number of plants per unit 

area. Stakes were placed in the lower right hand corner of 
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the wooden frame so that this exact aarae area could be 

found and the number of plants within the area determined. 

Figure 3 shows the wooden frame and the method of stake 

placement. 

Stand depletion over the two-year period was eval

uated by comparing the number of plants -which were present 

at the seedling stage in December, 1962, with the number of 

plants dug from these same areas at specific dates through

out the study. Final counts of the number of plants were 

made in each treatment on December 11, 1964. 

During the first year (1963) of this study, roots 

from a two-square-feet area were dug in two replicated 

plots of each treatment at the time they were cut to ini

tiate regrowth for seed production, and at the bud, full-

bloom and mature seed stages of plant growth. Each time 

plants were dug the roots were washed, and data were 

obtained on crown diameter and number of buds and stems 

per crown. Stem counts were made after the plants had been 

clipped one and one-half inches above the base of the crown 

Those stems which had extended above that level were recor

ded for each alfalfa plant. Bud counts were made by record 

ing the number of dormant and active buds that appeared on 

the crown and upper portion of the root but which had not 

exceeded one and one-half inches in length. Figure 4 
* 

illustrates the technique and shows the way an alfalfa 



Figure 3• Wooden frame and staking method used 
for original count of plants and for 
relocation of sample areas. 



Figure 4« Photographs showing typical roots of 
alfalfa plants from this study and 
the method used for evaluation of 
crown diameter and bud and stem counts. 
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plant looked when stem and bud counts and crown diameter 

measurements were made. After the roots had been clipped 

six inches below the base of the crown, the roots and 

crowns were separated, and the roots were placed on dry ice 

for two hours to reduce enzymatic action. Later, the roots 

were dried at 80°C. for 24 hours, ground in a Wiley mill to 

pass through a 50 mesh screen and stored in sample bottles 

for carbohydrate analyses. 

During the second year (1964) of this study, in 

addition to the schedule previously described, roots were 

dug from a two-square-feet area in two replicated plots 

each week for a five-week period from those borders that 

were cut to start growth for seed production in April, 

June and August. This schedule began at the time the 

plants were cut to start growth for seed production. Roots 

were evaluated in the same manner previously described and 

retained for carbohydrate analyses. 

In 1964, terminal buds were collected from plants 

that began growth for seed production in April, June and 

August, and histological investigations were made to deter

mine the exact time floral initiation occurred. Ten ter

minal buds, two from each of the first five replicated 

plots, were selected at random each day beginning at the 

time the plants were cut and continuing until racemes 

became visible. The terminal portion of the plant was 



placed in a killing solution of formalin, acetic acid and 

alcohol and prepared for microtome sectioning by means of 

the paraffin-embedding technique. The plant material was 

then cut as serial sections ten microns thick and stained 

with safranin and fast green. These prepared slides were 

used to determine the first appearance of floral initials 

and the anatomical structure of the terminal bud during 

initiation, formation and development of the flower. The 

height of the stems at the time they were cut for histolog

ical determinations was recorded. Techniques for slide 

preparation appear in Appendix A. 

During 1963, height measurements were taken in all 

treatments at the bud stage of growth. In 1964» the second 

year of the study, height measurements were taken at one-

week intervals in each treatment beginning one week after 

the plants were cut to start regrowth for seed production 

and continuing for five weeks. Height measurements for the 

two-year period were based on ten stems selected at random 

within each replicated plot. Therefore, 60 measurements 

were used to calculate the mean plant height at a particu

lar stage of growth for any one treatment. 

In 1964, ten stems were selected at random from 

each replicated plot and used to determine the number of 

nodes from the base of the stem to the first visible 

raceme. This count was made three weeks after the initial 
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cut-off for all six treatments. Node counts were made in 

order to obtain more information regarding variation in the 

time interval from forage removal until floral buds became 

visible. 

A continuous recording hygrothermograph was used 

to determine air temperature and relative humidity. This 

instrument was placed in a shelter located in the center 

of the experimental plots. The hygrothermograph was 

approximately eight inches from the soil surface. A con

tinuous recorder was used during the second growing season 

to obtain soil temperatures. Figure 5 shows the two tem

perature measuring instruments. 

During 1963 and 1964, five stems were collected 

from each replicated plot in each treatment when plants 

were harvested for seed. These mature stems were used to 

determine the plant height at harvest, number of racemes, 

flowers per raceme, pods per stem, seeds per pod, and per

centage pod set. Plants were cut with a Milbrandt power 

mower from an area three feet wide and forty-five feet long 

in each replicated plot and used to determine seed produc

tion. After the plants were cut, they were placed in cloth 
* 

sacs and dried. The seed was threshed with facilities 

provided by the Soil Conservation Service of the United 

States Department of Agriculture at the Tucson Plant Mater

ials Center. 



Photographs showing a continuous 
recorder used for measuring soil 
temperatures (top) and hygrothermo-
graph used for measuring air temper
ature and relative humidity (bottom). 
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Colonies of honeybees were provided by the United 

States Department of Agriculture^ Bee Culture Laboratory 

located at Tucson, Arizona. Three colonies of honeybees 

were placed at each end of the field so that all plots were 

less than 150 feet away from a colony. During the first 

year, plants were dusted with an insecticide containing 40 

per cent sulfur, 15 per cent toxaphene and 5 per cent DDT 

at the rate of five pounds per acre. This technique did 

not appear to provide adequate control of the lygus bug; 

but, during the second year of the study, excellent control 

was obtained with spray applications of a mixture of 20 

per cent DDT and 40 per cent toxaphene at the rate of six 

pounds per acre. All plants were dusted and sprayed 

early in the morning to reduce toxicity to foraging bees. 

After the plants had been harvested for forage, 

they were irrigated with approximately three and one-half 

acre-inches of water at eight to ten day intervals in the 

warmer period of the growing season. This schedule was 

flexible during the period of summer rains and was exten

ded up to 20 days during the winter months. When plants 

were producing Seed, no water was applied from the time 

they were at the one-tenth bloom stage of growth until 

after the seed had been harvested. 

All alfalfa roots were dug from a two-square-feet 

area« in two replicates when plants had reached specific 
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stages of development in each treatment and were used as 

samples for carbohydrate analyses. The technique used for 

analysis of total acid-hydrolyzable carbohydrates was simi

lar to the method described by Feltner (31). Carbohydrates 

were extracted with the apparatus shown in Figure 6. 

Free sugars were extracted by heating the plant 

material in 80 per cent ethanol for two hours (84). This 

mixture was filtered and the residue used for combined 

sugar hydrolysis with two per cent sulfuric acid. The 

ethanol filtrate was used to determine total free sugars 

by hydrolysis in one-tenth normal hydrochloric acid. A 

portion of the ethanol filtrate was not hydrolyzed, and 

the percentage sucrose was calculated by subtracting the 

percentage carbohydrates found in the nonhydrolyzed free 

sugar extract from that found in the aliquot which had been 

hydrolyzed. 

A portion of the free sugar extract was also used 

to determine the glucose and fructose content of the 

alfalfa roots. Descending chromatography techniques were 

used to separate the two sugars, and after elutriation, a 

colorometric potassium-ferricyanide-reduction method was 

utilized to determine the percentage of each sugar by use 

of a Bausch and Lomb Model-20 spectrophotometer. Methods 

used for all carbohydrate analyses are given in Appendix B. 



Figure 6. Apparatus used for the extrac
tion of carbohydrates from 
alfalfa roots. 



RESULTS AND DISCUSSION 

Flower Initiation 

An alfalfa stem develops from an adventitious bud 

located on the crown of the plant or from an axillary bud 

near the base of a stem. Histological examination of Moapa 

alfalfa revealed that crown buds originated from meriste-

matic areas located in the crown tissue. These areas pro

duced a bud whose morphological and anatomical character

istics are shown in Figure 7, Photograph I. At this early 

stage of development, the crown buds had a definite meris-

tematic apex that continued cell proliferation to form a 

vegetative shoot. A longitudinal section of the terminal 

apex of a young vegetative shoot is shown in Photograph II 

of Figure 7. 

The vegetative stem (Figure 7, Photograph II) with 

the apical meristem (a), leaf primordium (b), and axillary 

bud (c) displayed a tunica layer, corpus region, rib meri

stem and other anatomical features associated with vegeta

tive stem apices of many dicotyledonous plants. Photograph 

II illustrates an example of the terminal apex of Moapa 

alfalfa which was used to designate the "vegetative" stage 

of growth in this study. 

39 
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Figure 7. Photographs illustrating the morphological 
and anatomical changes of the terminal bud 
of Moapa alfalfa during the change from a 
vegetative to a reproductive stage of growth. 
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The interval of time that a stem remained vegeta

tive varied for the April, June and August treatments. 

Slides prepared from the terminal portions of alfalfa 

stems, which were collected at daily intervals, showed that 

initiation of flowers occurred at 12 days after cutting 

for the April treatment, 3 days for June and 2 days for 

August. 

When alfalfa plants reached the physiological stage 

at which the change from a vegetative to a reproductive 

type of growth occurred, large protuberances of meriste-

matic tissue were noted in the axils of the leaf primordia 

nearest the terminal apex of the main stem. Photograph III 

in Figure 7 shows the terminal apex and two protuberances 

(a) of meristematic tissue. These precocious raceme pri

mordia represented the first indication that the alfalfa 

stem was changing from a vegetative to a reproductive stage 

of growth. Each raceme primordium displayed anatomical and 

morphological features of a true meristem. After a period 

of cell division, differentiation and elongation, the 

raceme primordia gave rise to bract and flower primordia. 

Photograph IV shows a raceme primordium. In this photo

graph, (a) represents the meristematic region of the raceme 

primordium, (b) is a developing bract, and (c) represents a 

flower primordium which eventually produced petals, sepals, 
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stamens and a pistil. The "flowering interval" represen

ted the number of days from forage removal until all the 

stems collected on a specific day displayed this stage of 

development. 

It appeared that the terminal apex of the alfalfa 

stem never became completely reproductive, but continued to 

initiate new vegetative and reproductive cells. The raceme 

primordia appeared as enlargements of meristematic tissue 

which were adjacent to the apex of the main axis but sep

arated from the terminal meristematic region of the main 

stem by several layers of internodal vegetative cells. 

Photograph V in Figure 7 shows a vegetative apex with two 

raceme primordia which have differentiated several flower 

primordia. Portions of older racemes appear to the right 

and left sides of the main axis. 

Photograph VI illustrates a raceme primordium with 

several developing flowers and bracts. Because of the 

extension of the raceme primordium along with the simultan

eous initiation of flower primordia, a distinct "age of 

flower" gradient existed on each raceme. Thus, on one 

raceme, the production of pollen and the processes associa

ted with macrosporogenesis had occurred in lower flowers 

while new flowers were still being initiated at the termi

nal point of that same raceme primordium. 
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The morphological and anatomical appearance of the 

terminal bud in alfalfa during the change from a vegeta

tive to a reproductive stage of growth followed the same 

sequence in the plants that were cut to initiate regrowth 

for seed production in April, June, and August. All 

racemes were not initiated at the terminal apex of the 

main'stem. Raceme primordia also occurred at the terminal 

apex of well developed branches or shorter branches which 

had developed from axillary buds. However, these secondary-

racemes did not appear until after branching of the main 

stem had occurred. 

The length of the stems at the time of floral ini

tiation was 9 to 10 inches for the April treatment and 3 to 

4 inches for both June and August treatments. More leaf 

proliferation and a greater amount of leaf area were appar

ent on plants when flowering occurred in April as compared 

to plants which were cut and allowed to flower in June and 

August. 

Although the data in Table 1 were not statisti

cally analyzed, there appeared to be a close association 

between the interval from cut-off until flowering and the 

mean maximum and minimum temperatures during this inter

val. The data in Table 1 show that with increasing day

time (high) and night (low) temperatures, the time interval 

required for floral initiation decreased. 
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Table 1. The interval of time and mean maximum and minimum 
temperatures from forage removal until floral 
initiation and height of stems at flower initia
tion for the April, June, and August treatments 
in 1964. 

TREATMENTS 

April June August 

Interval of time from 
forage removal until 
flower initiation (days). 12 3 2 

Mean maximum temperature 
(®F.) from forage removal 
until flower initiation. 

80.1 94.2 96.2 

Mean minimum temperature 
(°F.) from forage removal 
until flower initiation. 

43.6 52.5 70.5 

Height of stems at flower 
initiation (inches). 9 to 10 3 to 4 3 to 4 



45 

Based on previous research (60), the number of 

nodes from the base of the stem to the first raceme on the 

main axis was used to compare the length of time required 

for flowering in all six treatments. Since the first 

raceme was initiated at the apex of the main stem, the num

ber of nodes to the first raceme was determined to indicate 

differences in the flowering interval of alfalfa at specific 

times throughout the growing season. 

Figure 8 is a graphic representation of the mean 

number of nodes from the base of the stem to the first 

raceme on plants which were taken from each of the six 

treatments. A statistical analysis of these data indicated 

that there was a significant reduction in the number of 

nodes each month beginning in April and continuing through 

July. However, the number of nodes to the first raceme 

in the August and September treatments were not signifi

cantly different from each other. 

The average maximum and minimum temperatures dur

ing the interval from forage removal to three weeks there

after in each treatment are also plotted in Figure 8. 

Correlation coefficients were determined in order to com

pare the association between average maximum and minimum 

temperatures and the number of nodes from the base of the 

stem to the first raceme. These correlation coefficients 

were -.92 for minimum temperatures and -.62 for maximum 
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temperatures which indicated that minimum temperatures were 

more closely associated with the interval of time required 

for floral initiation than maximum temperatures. 

The Change in Carbohydrate Fractions Found 
in Alfalfa Roots During the Period of Floral Initiation 

A comparison of the concentration of carbohydrate 

fractions in the roots of alfalfa plants during the inter

val of maximum floral initiation was made for the April, 

June and August treatments in 1964. Sampling started when 

forage was cut and plants began regrowth for seed produc

tion in each of these months and continued for a period of 

five weeks. 

There was a significant decline in total acid-

hydrolyzable carbohydrates in the roots of alfalfa during 

the period of flower initiation and new vegetative develop

ment for the April, June, and August treatments. Figure 9 

shows that in April the total acid-hydrolyzable carbohy

drates and the combined sugars reached their lowest concen

tration three weeks after cut-off. However, the lowest 

level of these fractions occurred at the end of two weeks 

in June (Figure 10) and at the end of one week for the 

August treatment (Figure 11). 

A statistical analysis of these data indicated that 

total acid-hydrolyzable carbohydrates and combined sugars 

were both significantly lower in the June and August 
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after plants were cut for seed production in April. 
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plants were cut for seed production in June. 
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treatments than in the April treatment (Appendix C, Tables 

4 and 5). The concentration of these fractions was lowest 

during the period of flower initiation and vegetative 

regrowth. However, by the end of the fifth week, the per

centages of total acid-hydrolyzable carbohydrates and com

bined sugars had increased to a level that was not signifi

cantly different from that at the time of forage removal. 

A significant treatment x week interaction indicated 

that total acid-hydrolyzable carbohydrates and combined 

sugars in the roots of alfalfa plants did not follow the 

same trend of depletion and storage in the three treat

ments. During April, there was a slow depletion of-these 

fractions until the end of the third week after clipping 

and then a slow upward trend in concentration thereafter. 

June and August treatments (Figures 10 and 11) show that 

there was a more rapid depletion of both total acid-

hydrolyzable carbohydrates and combined sugars as compared 

to the April treatment and that both of these fractions 

had reached a level above the concentration at cut-off by 

the end of five weeks. 

Data in Figures 9, 10, 11 indicate that the per 

cent free sugars remained relatively constant for the five-

week period in each of the three treatments. A statisti

cal analysis of the data regarding percentage of free 
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sugars showed that no difference existed between weeks 

(Appendix C, Table 6). 

Figures 12, 13, and 14 are graphic representations 

of the per cent sucrose, fructose, and glucose which were 

present in the roots of alfalfa plants that had been cut 

to start regrowth for seed production in April, June, and 

August of 1964. Although there appeared to be some change 

in the per cent sucrose during the five-week period in 

each treatment, the analysis of variance of these data 

showed that no difference existed between weeks. However, 

there was a significant increase in the percentage sucrose 

for the April treatment as compared with the percentage 

sucrose in alfalfa roots during the first five weeks of 

the June treatment. 

The concentration of glucose and fructose was 

found to be quite low in alfalfa roots. The roots of 

alfalfa plants in the April treatment had a higher concen

tration of glucose than either June or August, but there 

was no significant difference between treatments in rela

tion to the per cent fructose. Both fructose and glucose 

increased in concentration the first week after cut-off 

in the April treatment but this increase was not as notice

able for June and August. After the third week, fructose 

and glucose per cents dropped and remained relatively low 

for the remainder of the period. 
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Figure 13. Per cent sucrose, fructose and glucose in Moapa alfalfa roots for 
five weeks after plants were cut to initiate regrowth for seed ^ 
production in June. 
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Data in Figure 15 show the total acid-hydrolyzable 

carbohydrates in the roots of alfalfa plants at the (1) 

cut-off to save for seed, (2) bud stage, (3) full-bloom 

stage of growth, and (4) seed harvest for each of the six 

treatments during 1963 and 1964. There was a steady 

decline in total acid-hydrolyzable carbohydrates at the 

bud stage when plants were cut to initiate regrowth for 

seed production in April continuing through September in 

1963. Changes in total acid-hydrolyzable carbohydrates 

were more drastic during the latter part of the 1963 grow

ing season and reached their lowest level at the bud stage 

of July treatment in 1964. As more forage was removed 

from the plants, carbohydrate reserves dropped lower at 

the bud stage of each successive period of regrowth. 

Data in Figure 15 show that when plants were cut 

to initiate regrowth for seed production at different per

iods of the growing season, total acid-hydrolyzable carbo

hydrates followed a similar cycle in each of the six 

treatments. Although there was a distinct difference in 

the level of stored carbohydrates at the four sampling 

dates, total acid-hydrolyzable carbohydrates in alfalfa 

roots we<re found to be higher at the full bloom and seed 

harvest than at the bud stage and cut-off to save for 

seed except for the May, 1963 and April, 1964 treatments. 
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Tables of the analysis of variance and mean separ

ation (89) for all carbohydrates investigated in this study 

appear in Tables 1-9 of Appendix C. 

Forage and Seed Production 

Management systems of alfalfa involving both seed 

and forage production during the same year are common in 

the Southwest, yet little information is available regard

ing the best period of the growing season to allow plants 

to produce seed and yet obtain maximum forage yields. 

Table 2 shows the pounds of dry forage per plot and seed 

yield for plants which were cut to start regrowth for seed 

production in April, May, June, July, August, and September. 

During the growing period of 1963, plants in the 

July treatment produced an average of 60.2 pounds of dry 

matter per plot as compared to the lowest yield of 37.8 

pounds for the April treatment. Plants of the July treat

ment were significantly higher in forage production than 

any of the other treatments. There was no significant 

difference between the amount of forage produced by plants 

of the September, June and August treatments during 1963; 

however, these plants did produce significantly more forage 

than those of the April or May treatments. 

The forage yields in 1964 followed similar trends 

as the previous year (Table 24, Appendix C). The lowest 

forage yields were produced by plants which were cut to 
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Table 2. Number of forage harvests, pounds of dry matter 
per plot, and pounds of seed per acre for 
alfalfa plants which were cut to start regrowth 
for seed production in April, May, June, July 
August, and September of 1963 and 1964* 

Treatment No. forage Dry matter Seed yield per 
harvests per plot (lbs.) acre (lbs.) 

1963 1964 1963 1964 1963 1964 

April 5 5 37.8 35.6 29.8 100.6 

May 5 5 43.0 42.7 116.1 9.3 

June 6 6 52.3 47.2 152.2 16.2 

July 6 6 60.2 49.9 80.3 20.0 

August 6 6 55.7 55.0 18.5 16.2 

September 6 6 55.6 52.9 20.2 2.7 
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start regrowth for seed production early in the growing 

season (April and May) and the highest forage yields came 

from alfalfa plants which were saved for seed production 

later in the growing season. Alfalfa receiving September 

and August treatments produced the most forage during 

1964, and their yields were significantly higher than those 

of any of the other treatments. 

Data in Figures 16 and 17 represent the pounds of 

dry matter per plot produced at each cutting for plants 

receiving the six treatments during 1963 and 1964- The 

September treatment, in which'six consecutive harvests 

were made before plants were allowed to produce seed, 

showed a decline in forage production beginning at spring 

cut-off, April 51 and continuing through August 23, 1963. 

Plants of the July and August treatments also showed this 

steady decline in forage production, but those plants cut 

to start regrowth for seed production in the early months 

of the growing season (April, May and June), showed an 

increase in forage production at the October harvest in 

1963. 

Because of the extreme differences in environmen

tal conditions during the growing seasons of 1963 and 1964, 

most of the factors measured in this study were not com

pared between years. However, forage production was com

pared over the two-year period and results indicated that 
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there was significantly more forage produced from the six 

treatments during 1963 than in 1964. A significant treat

ment x year interaction was interpreted to mean that the 

plants in some treatments did not produce similar amounts 

of forage over the two-year period. This difference in 

forage yield was particularly noticeable in plants receiv

ing the June and July treatments which both produced less 

forage in 1964- Alfalfa plants receiving July, August, 

and September treatments produced the most forage over the 

two-year period, and there was no significant difference 

in their means. 

Seed yield from plants of the six treatments over 

the two-year period was very low. During the early part 

of the 1963 growing season, lygus bugs did considerable 

damage to the plants in the April treatment and undoubt

edly decreased the seed yield. Differences in seed 

yields can be seen in Table 2. In 1963, the highest seed 

production occurred when plants were cut to initiate 

regrowth for seed production in June. Table 24 in Appen

dix C shows the mean separation for seed yield during 

1964. The plants which were cut to start regrowth for 

seed production in April were the only ones which produced 

a reasonable amount of seed, and this amount of seed 

{100 pounds per acre) was well below the average for the 

State of Arizona. 
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Several factors undoubtedly contributed to the low 

seed yields in this experiment. Since the plots were sown 

at the rate of 12 pounds of alfalfa seed per acre, stand 

density was greater than that desired for maximum seed pro

duction. Tysdal (95) has shown that thickness of stand is 

a major factor in reducing seed yield. 

The amount and distribution of summer rain have 

been shown to influence seed production (27) and undoubt

edly affected seed yields in this experiment. During the 

July treatment of 1964, over eight inches of rain fell 

from the time plants were cut to start regrowth for seed 

production and the date of seed harvest. Total moisture 

during the seed production period was the result of 21 

summer showers which ranged from .01 to 1.51 inches of 

rain each. 
* 

Table 3 shows the amount of moisture that occurred 

as rain during the intervals from cut-off to bud, bud to 

full-bloom, full-bloom to seed harvest and during the 

entire seed production period for each of the six treat

ments in 1963 and 1964. Considerably more moisture 

occurred in each of the seed production periods, except 

for the August treatment, during 1964 as compared to 1963• 

The maximum precipitation fell between the dates of full-

bloom and seed harvest. 
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Table 3. Inches of rainfall from cut-off to bud stage, 
bud stage to full bloom, full bloom to seed 
harvest and for the entire seed production 
period for the April, May, June, July, August, 
and September treatments during 1963 and 1964. 

1963 
Inches of Rainfall 

April May 
TREATMENTS 

June July Aug. Sept. 

Cut-off to 
bud .58 0 0 .20 2.99 1.22 

Bud to full 
bloom 0 0 .05 1.31 2.10 .23 

Full bloom 
to seed 
harvest .20 1.46 3.53 4.49 1.21 1.77 

Entire seed 
prod, period .78 1.46 3.58 5.80 6.20 3.22 

Inches 
1964 
of Rainfall 

April May 
TREATMENTS 

June July Aug. Sept. 

Cut-off to 
bud 0 0 0 3.06 .51 2.06 

Bud to full 
bloom 0 0 • 78 2.43 1.29 • 44 

Full bloom 
to seed 
harvest 3.22 5.49 4.82 3.41 2.50 2.33 

Entire seed 
prod, period 3.22 5.49 5.60 8.90 4.30 4.83 
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Table 4 shows the average maximum and minimum tem

peratures during the intervals from cut-off to bud, bud to 

full-bloom, full-bloom to harvest, and during the entire 

seed production period for each of the six treatments in 

1963 and 1964. During 1963, the highest seed yields were 

obtained from plants of the June treatment which were sub

jected to the highest average maximum temperatures during 

the seed production period compared with the other five 

treatments. The highest seed yield in 1964 was realized 

under average maximum temperatures that were ten degrees 

lower than the previous year. 

Temperature undoubtedly effects certain physio

logical processes within the plant which together with 

other factors of the environment determine the eventual 

seed yield. 

Factors Associated with Seed Yield 

Simple correlation coefficients were calculated in 

order to determine the association between seed yield and 

several environmental, physiological, and morphological 

factors. These correlation coefficients for plants which 

were cut for seed production in April, May, June, July, 

August, and September for the two-year period appear in 

Table 10 of A.ppendix C. Because of the differences in 
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Table 4. Average maximum and minimum temperatures during 
the intervals from cut-off to bud, bud to full-
bloom, full-bloom to harvest, and throughout the 
entire seed production period for April, May, 
June, July, August, and September treatments in 
1963 and 1964. 

Average maximum and minimum temperatures (*F.) 

Cut-off 
to 
bud 

Bud 
to 

full-bloom 

Full-bloom 
to 

harvest 

Entire 
period 

Max. 82.6 95 »0 100.4 92.7 
April Min. 43.1 68.7 62.4 53.1 

Max. 94.6 101.3 101.8 99.2 
May Min. 53-9 57.6 71.2 60.9 

Max. 102.3 103.5 99.7 101.9 
June Min. 58.2 71.0 70.3 66.5 

Max. 104-5 95.7 96.1 98.8 
July Min. 73-2 69.4 68.5 70.3 

Max. 97.2 95.1 94.3 95.5 
Aug. Min. 68.9 68.7 58.7 65.4 

Max. 97.3 98.1 81.4 92.3 
Sept. Min. 67.8 62.4 45.7 58.6 

1964 

Max. 80.4 93.6 98.8 91.0 
April Min. 43.5 50.4 63.6 52.5 

Max. 95.1 98.6 99.6 97.8 
May Min. 54.9 57.5 70.4 60.9 

Max. 100.5 100.6 97.2 99.5 
June Min. 61.5 70.5 70.7 67.5 

Max. 99.5 96.5 94.8 96.9 
July Min. 71.7 70.0 66.5 69.4 

Max. 96.7 97.8 92.3 95.6 
Aug. Min. 70.5 67.0 60.3 66.0 

Max. 91.5 92.0 76.5 86.7 
Sept. Min. 64.3 55-7 40.4 53.4 
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environmental conditions during the 1963 and 1964 growing 

periods, correlation coefficients were calculated separ

ately for each year. 

During 1963, the number of stems per plant, number 

of plants per two-square-feet area at full-bloom, height 

of stems at harvest, number of seeds per pod, number of 

bracts (flowers) per stem, number of pods per stem and 

average maximum temperature during the seed production 

period all showed a positive and significant association 

with seed yield. The average maximum temperature during 

the seed production period had the highest r value of 

. 844- No significant correlation was noted between seed 

yield and total acid-hydrolyzable carbohydrates or aver

age minimum temperatures during the first year of the 

study. 

During 1964, the number of plants at full-bloom, 

per cent total acid-hydrolyzable carbohydrates at cut

off, per cent pod set, number of pods per stem, total 

acid-hydrolyzable carbohydrates at bud stage, and aver

age maximum temperatures during the seed production per

iod all showed a positive and significant association with 

seed yield. Low seed yields during 1964 were associated 

with high average minimum temperatures during the inter

vals of cut-off to bud, bud to full-bloom, and for the 

entire seed production period. The amount of rainfall 
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during the seed production period was also negatively corre 

lated with seed yield which indicated that excessive mois

ture had a pernicious effect on seed yields. 

Simple correlation coefficients were also calcu

lated to determine the association between seed yield and 

certain carbohydrate fractions in the April, June, and 

August treatments in 1964. These correlation coefficients 

appear in Table 16 of Appendix C. The amount of total 

acid-hydrolyzable carbohydrates, combined sugars, free 

sugars, sucrose, glucose and fructose during the two-week 

interval after cut-off all showed positive and significant 

association with seed yields from the three treatments. 

The amount of free sugars, sucrose and glucose had posi

tive correlation coefficients with seed yield over the 

five-week period after cut-off. Statistical analysis also 

showed that the seed yield from these three treatments was 

definitely associated with the amount of moisture and 

average maximum and minimum temperatures. Both of these 

factors showed significant negative correlation coeffi

cients which indicated that low seed yields occurred when 

the average maximum and minimum temperatures were high in 

combination with excessive rainfall. 
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The Association of Reserve Carbohydrate 
Fractions anT"Temperature with 

Components of Seed Yield 

Simple correlation coefficients were calculated for 

percentage pod set, number of seeds per pod, number of 

bracts per stem, number of pods per stem, and number of 

racemes per stem to determine the association between these 

components of seed yield and the carbohydrate reserves 

under different air temperatures. 

Data in Table 15 in Appendix C show that during the 

1963 growing season, percentage pod set was significantly 

correlated with the total acid-hydrolyzable carbohydrates 

at bud stage and the average maximum temperature during 

the interval from full-bloom to seed harvest. The aver

age maximum temperature during the entire seed production 

period also showed a positive and significant association 

with the percentage pod set. During 1964, total acid-

hydrolyzable carbohydrates at the cut-off to save for 

seed and at the bud stage showed significant and positive 

correlation with the percentage pod set. However, both 

average maximum and minimum temperatures were negatively 

correlated with the percentage pod set which indicated 

that fewer pods developed on the plants when night and 

day temperatures were high. 

The number of seeds per pod, number of bracts per 

stem, pods per stem, and racemes per stem were positively 



correlated with total acid-hydrolyzable carbohydrates at 

cut-off and at the bud stage of growth in 1963. This same 

relationship did not continue throughout the 1964 growing 

season since the percentage pod set and the number of pods 

per stem were the only components of seed yield that had 

significant and positive association with total acid-

hydrolyzable carbohydrates in the roots of alfalfa at the 

bud stage. 

High average maximum and minimum temperatures during 

the 1963 and 1964 growing seasons did not appear to retard 

the development of bracts and racemes. However, fewer 

seeds per pod were found in those treatments which had the 

.highest average maximum temperatures. During 1963, corre

lation coefficients which were both negative and signifi

cant, indicated that a smaller number of bracts per stem 

was produced in those treatments in which the average 

minimum temperature was highest. In 1964, on the other 

hand, the high average minimum temperatures were found to 

be positively associated with the production of more 

racemes and bracts per stem. 

The data in Table 5 were derived from Tables 18 to 

22 in Appendix C. These data show the relationship 

between the components of seed yield and the per cent 

sucrose, glucose, fructose, free sugars, combined sugars 

and total acid-h}drolyzable carbohydrates at the end of 
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Table 5. Simple correlation coefficients which indicate 
the relationship between components of seed 
yield and carbohydrate fractions in alfalfa 
roots at the first, second, and third weeks 
after cut-off for the April, June, and August 
treatments in 1964. 

No. racemes No. pods No. bracts No. seeds 
per stem per stem per stem per pod 

SUCROSE 
Week-1 -.104 .893 
Week-2 -.342 .890 
Week-3 -.742 ** .274 

COMBINED 
SUGARS 

Week-1 -.164 .902 
Week-2 -.327 .894 
Week-3 -.742 ** .263 

FREE SUGARS 
Week-1 -.025 .854 
Week-2 -.252 .904 
Week-3 -.714 ** .495 

GLUCOSE 
Week-1 .283 .696 
Week-2 .305 .677 
Week-3 -.654 ** .646 

FRUCTOSE 
Week-1 -.553 ** .776 
Week-2 -.341 .643 
Week-3 -.555 ** -.372 

TOTAL ACID-
HYDRO LYZABLE 
CARBOHYDRATES 

Week-1 -.096 .891 
Week-2 -.288 .900 
Week-3 -.734 ** .395 

** -.103 .498 * 
** -.379 .637 ** 

-.856 ** .573 ** 

** -.172 .538 * 
** -.362 .630 *# 

-.856 *• .567 ** ' 

** .047 .402 
** -.274 .590 ** 
* -.819 ** .664 ** 

** .342 .173 
** .368 .150 
** -.746 ** .702 ** 

** -.626 ** .706 
** .409 .102 

-.652 ** .147 

** -.094 .397 
** -.316 .492 * 

-.844 ** .610 



the first, second, and third weeks after cut-off in the 

April, June, and August treatments for 1964. The number of 

pods per stem and the number of seeds per pod appeared to 

be the only components of seed yield that consistently dis

played significant positive correlation coefficients with 

the various carbohydrate fractions. The number of racemes 

per stem and the number of bracts (flowers) per stem did 

not show any correlation with the carbohydrate fractions, 

except fructose, until the end of the third week after 

cut-off. These data could be interpreted to mean that the 

initiation of a greater number of raceme and flower pri-

raordia caused a decline in the concentration of carbo

hydrate fractions in the roots of alfalfa plants which was 

not obvious nor significant until the end of the third 

week. 

The mean separation for components of seed yield 

and other related factors in this study appear in Tables 

23 and 24 of Appendix C. During 1963, plants cut for 

seed production in August produced a significantly larger 

number of stems than plants of any of the other treat

ments. However, in 1964 no significant difference was 

noted in the number of stems per plant over the six 

treatments. The number of racemes and number of pods per 

stem were quite consistent for plants of the April, May, 

June and July treatments in 1963, but the plants which 
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were cut to initiate regrowth for seed production in August 

and September produced fewer racemes and a lower number of 

pods per stem. The September treatment was also signifi

cantly lower than any of the other treatments with regard 

to number of racemes and pods per stem in 1964. Since the 

number of bracts (flowers) per stem was dependent upon the 

number of raceme primordia which had been initiated, plants 

of the September treatment were also significantly lower 

than plants receiving the other treatments with respect to 

the number of flowers that were initiated. 

The number of seeds per pod, during the 1963 grow

ing season, was significantly higher than any of the other 

treatments on plants which had been cut to start regrowth 

for seed production in May and June. The August and 

September treatments were significantly lower than the 

other treatments for this same component of seed yield. 

During 1964, plants receiving the April, August and 

September treatments had the largest number of seeds per 

pod. 

The weight of 100 seeds from plants of each of the 

six treatments showed a great amount of variation from one 

year to the next. The weight of 100 seeds from plants 

that were cut to start regrowth for seed production in 

May and June of 1963 was significantly higher than those 

cut in April, July, and August but not different from the 
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seed weight for September. However, in 1964, plants that 

were cut to start regrowth for seed production in May and 

June had seed weights which were significantly lower than 

plants receiving any of the other treatments. 

A statistical analysis of the number of roots per 

two square feet was made when seedlings were counted in 

December of 1962 and at the final cut-off for all treat

ments in December of 1964. These data indicated that 

there were no significant differences among treatments and 

that the reduction in plant numbers over the two-year 

period was similar for all treatments. The mean separa

tion for number of plants per two-square-feet area 

(Tables 23 and 24 of Appendix C) was based on the aver

age number of plants for each treatment during that par

ticular period of the growing season. A steady decline in 

stand density was noted during the 1963 growing season and 

although plant density fluctuated during the 1964 season, 

treatments averaged between 12 and 14 plants per two 

square feet at the final cut-off in December of 1964. 



SUMMARY 

Plants of Medicago sativa L. var. Moapa grown under 

field conditions at Tucson, Arizona, were used to study the 

effect of temperature and reserve carbohydrate fractions on 

the change from a vegetative to a reproductive stage of 

growth and components of seed yield in alfalfa. Treatments 

consisted of cutting alfalfa plants so that growth for seed 

production began in each of six different months during the 

growing season. Growth for seed production started first 

in April and continued through September; thus plants which 

began growth for seed production in September had been pre

viously harvested for forage six times. Forage was removed 

at the one-tenth bloom stage of growth prior to and after 

seed production in each of the six management treatments. 

The response to these treatments was determined by 

measuring seed and forage production, components of seed 

yield, stand density, crown diameter, and the percentage 

total acid-hydrolyzable carbohydrates in the roots at 

cut-off, bud, full-bloom, and seed harvest dates. During 

the second year of this study, the percentage of differ

ent carbohydrate fractions (sucrose, glucose, fructose, 

free sugars, combined sugars, and total acid-hydrolyzable 

carbohydrates) was determined in the roots of plants that 

76 
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were dug at intervals of one week for a five-week period 

after the initial forage removal in the April, June, and 

August treatments. 

Histological techniques were employed to ascertain 

the exact time of floral initiation on stems that were 

collected each day after cut-off in the April, June, and 

August treatments in 1964. The number of nodes from the 

base of the stem to the first raceme was used to evaluate 

the relationship between average maximum and minimum tem

peratures and the interval of time required for floral 

initiation under different environmental conditions. 

The formation of precocious racemes in the axils 

of leaf primordia near the apex of the main stem was the 

first indication that a stem had changed from a vegetative 

to a reproductive stage of growth. These protuberances 

of meristematic tissue developed into raceme primordia 

which produced conspicuous bracts and flower primordia. 

The terminal apex of the main stem remained vegetative but 

continued to differentiate leaf primordia and reproductive 

structures. 

The interval of time from forage removal until 

flower initiation was 12 days in April, 3 days in June, 

and 2 days in the August treatments. A significant nega

tive correlation of -.92 was noted when the average mini

mum temperature during the period of flower initiation 
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was correlated with the number of nodes from the base of 

the stem to the first raceme. The correlation coefficient 

for the average maximum temperature during the period of 

floral initiation with the number of nodes from the base of 

the stem to the first raceme was not significant. There

fore, the average minimum temperature during the period of 

flower initiation was found to be more closely associated 

with the number of vegetative nodes that had been formed 

prior to flower initiation than the average maximum tem

perature „ As the average minimum temperature increased, 

the time required for flower initiation decreased. The 

number of nodes from the base of the stem to the first 

raceme on plants which were cut to start growth for seed 

production in April was 10 to 11, compared to 8 to 9 for 

June and 7 to 8 for August. 

The total acid-hydrolyzable carbohydrates which 

were stored in the roots of alfalfa plants followed a 

rather definite cycle over the six seed production periods. 

Concentrations of total acid-hydrolyzable carbohydrates 

were high in the spring of the year, had decreased at the 

time of cut-off to start growth for seed, and were lowest 

at the bud stage of growth. By full-bloom, the concentra

tion of total acid-hydrolyzable carbohydrates had reached 

a level which was equal to or greater than the concentration 
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when the plants were cut to initiate regrowth for seed pro

duction. 

During 1963, total acid-hydrolyzable carbohydrates 

did not show any significant association with seed yield. 

However, the number of racemes per stem, number of bracts 

(flowers) per stem, number of seeds per pod, and the num

ber of pods per stem all displayed positive and signifi

cant correlation with the amount of total acid-hydrolyzable 

carbohydrates in the roots at the bud stage of growth. 

Significant negative correlation coefficients were noted 

for these same factors in 1964. 

Because of the extreme differences in environmental 

conditions during the 1963 and 1964 growing seasons, most 

of the factors which were measured in this study were not 

compared over the two-year period. In 1963, average maxi

mum temperatures during the entire seed production period 

were significantly correlated with seed production. 
* 

Although the correlation coefficient for these factors 

was significant in 1964, average maximum temperatures 

accounted for only 23 per cent of the variation in seed 

yield. 

Average minimum temperatures were not significantly 

associated with seed yield or any of the components of 

seed yield during 1963. However, the plants which were 

subjected to the highest average minimum temperature 
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during the entire seed production period in 1964 produced 

significantly less seed and had fewer seeds per pod but a 

larger number of racemes and flowers per stem. 

When different carbohydrate fractions in the roots 

were correlated with seed yield from the April, June and 

August treatments in 1964, significant correlation coeffi

cients indicated that more seed was produced when the 

roots contained higher percentages of all carbohydrate 

fractions at the end of the first and second weeks after 

cut-off. 

During 1963, the highest forage yields were obtained 

from plants which began the seed production period in 

July as compared to 1964 in which plants that began the 

seed production period in August and September treatments 

produced the highest amount of dry matter per acre. Seed 

production was highest from those plants which were cut 

to start regrowth for seed production in June of 1963 and 

April of 1964. 

Experimental results from this study would indicate 

in general that alfalfa fields which are seeded at rates 

required for maximum forage production could not be expec

ted to produce seed yields that are economically feasible 

in the southwestern United States. When the management 

system includes both forage and seed production from the 

same field, plants should be allowed to produce seed 
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early in the growing season when reserve carbohydrates are 

high, maximum and minimum temperatures are lower, and rain

fall does not cause serious lodging and damage to flower

ing plants. Temperature, carbohydrate reserves, and the 

amount of rainfall undoubtedly affect seed yield; however, 

these factors are only a portion of the physiological, 

environmental, and managerial factors which influence seed 

production from one year to the next. 



Appendix A 

Histological Techniques 
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The histological procedure used to determine the 

time of floral initiation was the tertiary butyl alcohol 

and paraffin-embedding technique described by Johansen 

(47). Certain modifications were made based on recommenda

tions by Dr. W. S. Phillips, Plant Anatomist, Department of 

Botany, University of Arizona. All solutions were mixed 

according to Johansen (47). 

Once the terminal buds had been severed from the 

plants, they were placed in FAA and all the air evacuated 

from the tissue with an aspirator pump to allow for better 

penetration of the killing solution. The plant material 

was allowed to remain in the FAA killing solution for 48 

hours, then dehydrated, and embedded according to the fol

lowing schedule: 

Step 1. 50% Mixture: The killing solution was 

emptied, buds rinsed once with this mixture then the vials 

were refilled and left at room temperature for two hours. 

Step 2. 70# Mixture: Rinsed once with this mix

ture then vials refilled and allowed to remain at room 

temperature for at least 48 hours. 

Step 3. 85& Mixture: Rinsed once with this mix-
i 

ture then vials refilled and left at room temperature for 

two hours. 

Step 4. 95% Mixture: Rinsed once with this mix

ture then vials refilled and left at room temperature for 

two hours. 
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Step 5. 100# Mixture: Rinsed once with this mix

ture then vials refilled and left at room temperature for 

two hours. 

Step 6. Tertiary Butvl Alcohol: Three changes of 

TBA were scheduled to insure complete penetration of pure 

TBA. The first change was for two hours, the second 12 

hours and the last for two hours. At this point the mater

ial was transferred to a vial containing approximately one-

half inch of solid paraffin and the TBA was replaced with 

50:50 mixture of TBA and paraffin oil. 

Step 7. TBA and Paraffin Oil: Buds were left in 

this mixture on the warming plate until they sank to the 

bottom of the vial. The vials were then placed overnight 

in an oven at 58°C. 

Step 8. Commercial Paraffin: The vials were emp

tied of the TBA and paraffin oil mixture, and three changes 

of commercial paraffin were made. Each change involved the 

removal of the liquid paraffin then fresh paraffin was 

poured over the plant material and the vial replaced in 

the oven at 58°C. for two hours. 

Step 9. Embedding Paraffin: The last paraffin 

change was made with a better grade of embedding paraffin 

(tissuemat) and vials were placed overnight in the oven 

at 58°C. 
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Step 10. Embedding: Ten terminal buds were embed

ded in each block. Porcelain dishes were used as casting 

molds. After the material had been arranged in the dish, 

the molds were emersed in water, cooled, and the blocks 

stored in paper envelopes for microtome sectioning. 

Individual terminal buds were cut from the blocks, 

welded to a steel block and a rotary microtome used to 

cut longitudinal sections that were ten microns thick. 

Ender's razor blades were used for cutting. 

Haupt*s adhesive was used for affixing the micro-

tomed serial sections to glass slides. The clean slide 

was smeared with a thin film of adhesive, flooded with 

three per cent formalin solution, and then ribbons were 

placed in position. Next, slides were dried on the warm

ing plate and stored for staining. 

Safranin, fast green and orange G were used to 

stain the alfalfa buds. The steps used in staining were 

as follows: 

Step 1. Slides placed in alcoholic safranin from 

50 per cent alcohol for 12 hours. 

Step 2. Slides washed in distilled water to remove 

the excess safranin. 

Step 3. Tissues dehydrated by placing the slides 

in 50 per cent alcohol for five minutes, then 70 per cent 

alcohol for five minutes and last in 95 per cent alcohol 

for three minutes. 
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Step 4. Slides rinsed with 100 per cent alcohol 

from the drop bottle and placed in a Coplin jar containing 

100 per cent alcohol. 

Step 5. Slides flooded with fast green and clove 

oil solution until the safranin could no longer be seen 

flowing from the tissue. 

Step 6. Slides rinsed with 100 per cent alcohol 

from the drop bottle. 

Step 7. Slides flooded with clove oil and orange 

G mixture very briefly and immediately rinsed with 100 per 

cent alcohol'from drop bottle. 

Step 8. Slides placed in a Coplin jar containing 

a 50:50 per cent solution of xylol and absolute alcohol 

and rinsed quickly. 

Step 9. Slides placed in a Coplin jar containing 

pure xylol for five minutes then placed in a second Coplin 

jar also containing pure xylol. The slides were then 

removed from the xylol, mounted in clarite and dried for 

24 hours on the warming plate. 



Appendix B 

Methods used to extract and measure total 
acid-hydrolyzable carbohydrates, fructose, 
glucose, sucrose, combined sugars and free 
sugars in alfalfa roots. 
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Total Acid-hydrolyzable Carbohydrates 

One-half gram samples of ground alfalfa roots, 

which had been dried at 8G6C. for 24 hours, were weighed 

and placed in 125 ml extraction flasks. After adding 50 

ml of two per cent sulfuric acid, the flasks were attached 

to reflux condensers and the samples hydrolyzed for one 

hour on an extraction heater. The hot solution was fil

tered through Whatman #42 filter paper, cooled and made 

slightly alkaline by adding 25 per cent sodium hydroxide 

until phenolphthalein indicator changed to a red color. 

Two drops of five per cent hydrochloric acid were added, 

and the filtrate was diluted to a volume of 200 ml with 

distilled water. 

A five ml aliquot of the filtrate was used for 

carbohydrate determination. The technique used to deter

mine total acid-hydrolyzable carbohydrates was that devel

oped by Shaffer and Somogyi and described by Heinze and 

Murneek (45). The solutions used for this method were 

prepared exactly as described by Feltner (31). 

1. Reagent "50" Solution: This solution was pre

pared by dissolving 25 grams of anhydrous sodium carbo

nate and 25 grams of sodium potassium tartrate in about 

600 ml of distilled water. Seventy-five ml of ten per cent 

copper sulfate 5 H^O were then added below the surface of 

the liquid by means of a pipet. This was followed by the 
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addition of 20 grams of sodium bicarbonate, one gram of 

potassium iodide and 200 ml of a solution of potassium 

iodate containing exactly 3.567 grams of pure potassium 

iodate per liter. This solution was thoroughly mixed, 

rinsed into a volumetric flask and brought up to volume 

with distilled water. A stoppered pyrex bottle was used 

to store the reagent n50w solution. 

2. Potassium Iodide-Potassium Oxalate Solution; 

Two and one-half grams of each were dissolved in distilled 

water and made up to a volume of 100 ml. A new solution 

was made each week and stored in a dark bottle to avoid 

deterioration of the products. 

3. 1 N Sulfuric Acid; Twenty-seven ml of concen

trated sulfuric acid were poured into a quantity of water 

and diluted to one liter. The resulting solution was 

approximately one normal. 

4. Starch Indicator; One gram of soluble starch ' 

was stirred into ten to fifteen ml of distilled water. 

After heating 100 ml of distilled water to boiling, one 

gram of boric acid and ten ml of the starch solution were 

added. This mixture was boiled for one minute and allowed 

to cool slowly. 

5. 0.02 N Sodium Thiosulfate; A sodium thiosul

fate solution that was slightly stronger than 0.1 N was 

used to prepare exactly 0.02 N sodium thiosulfate. 
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A. 0.1 N Sodium Thiosulfate: Twenty-five grams of 

pure sodium thiosulfate and one gram of sodium hydroxide 

were dissolved in distilled water and diluted to one liter. 

This gave a solution that was slightly stronger than 0.1 N. 

This solution was standardized with a solution of 0.1 N 

potassium dichromate. The potassium dichromate solution 

was prepared by drying pure potassium dichromate at 110°C. 

and diluting 4-9033 grams in one liter of distilled water. 

Twenty-five ml of this standard dichromate were transferred 

to a larger beaker containing three grams of potassium 

iodide and diluted to 600 ml with distilled water. Ten ml 

of concentrated hydrochloric acid were added just before 

titration with the sodium thiosulfate. The end point was 

determined by the starch indicator which turned a light 

green. If the sodium thiosulfate solution were slightly 

stronger than 0.1 N, the volume of the thiosulfate used 

will be less than 25 ml. The titration should equal 

exactly 25 ml; however, if less than 25 ml were required 

for titration the solution was adjusted to 0.1 N by dilu

tion with distilled water. Thus, if the titration were 

24.7 ml thiosulfate, .3 ml of water was added to every 

24.7 ml of the original sodium thiosulfate solution. 

B. 0.02 N Thiosulfate: One hundred ml of 0.1 N 

thiosulfate were diluted to 500 ml with distilled water. 
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A five ml aliquot of extracted sugar solution was 

pipeted into a (25 x 200 mm) test tube, and ten ml of 

reagent tt50w were added. The test tubes were placed in a 

vigorously boiling water bath for 20 minutes, cooled at 

30°C. and then two ml of potassium iodide-potassium oxa

late followed by ten ml of one normal hydrochloric acid 

were added. The contents of the tubes were thoroughly 

mixed, allowed to stand for five minutes and then titrated 

with 0.02 N sodium thiosulfate using one ml of the starch 

solution as the indicator. 

One blank was run with each group of test tubes. 

The difference between the blank titration and the 

reagent "50" sugar mixture was equivalent to the milli

liters of 0.02 N copper reduced by the glucose. The milli

grams of glucose equivalent to milliliters of 0.02 N 

thiosulfate as obtained from known solutions are shown 

below: 
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Milligrams of 
glucose 

1.00 
1.50 
2.00 
2.50 
3.00 
3.50 
4.00 

Milliliters of 
0.02 N thiosulfate 

2.27 
3.39 
4.53 
5.64 
6.77 
7.93 
9.05 

The per cent total acid-hydrolyzable carbohydrates 

was determined by the following formula: 

lMlllsaraplc welsh™1' ̂  x 100 = total acid-hydrolyzable 
(milligrams) carbohydrates 
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Free Sugarss Combined Sugars and Sucrose 

One gram samples of ground alfalfa roots which had 

previously been ground to pass a 50 mesh screen and dried 

at 80°C. for 24 hours, were placed in 125 ml boiling flasks 

and 50 ml of 80 per cent ethanol were added. The flasks 

were attached to reflux condensors and heated for two hours 

on an extraction heater. The hot solution was filtered 

through a biological filtering apparatus, and the residue 

washed back into the extraction flask. The alcohol was 

evaporated from the filtrate, and the remaining sugars 

were dissolved in distilled water and brought up to a vol

ume of 50 ml. 

A 25 ml aliquot of this, filtrate was then hydro-

lyzed with one-tenth normal hydrochloric acid, made up to 

a volume of 50 ml, and ten ml were used to determine the 

per cent carbohydrates in the solution with the Shaffer-

Somogyi copper-reduction technique. The remaining 25 ml 

of nonhydrolyzed free sugar extract were brought up to a 

volume of 50 ml with distilled water, and ten ml of this 

solution were used in determining the per cent free sugars 

other than sucrose. The per cent sucrose was calculated 

with the following formula: 

{% CHpO in hydrolyzed) - {% CH20 in nonhydrolyzed) 
aliquot aliquot 

= % sucrose 
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Fifty ml of two per cent sulfuric acid were added 

to the residue which had been washed back into the extrac

tion flask. After two hours of hydrolysis, the hot solu

tion was filtered and brought up to a volume of 250 ml 

with distilled water. A two ml aliquot was used to deter

mine the combined sugar per cent of each sample by means 

of the Shaffer-Somogyi method. 



Glucose and Fructose Per Cents 

Free sugar was extracted from a five gram sample 

of alfalfa roots which had previously been ground to pass 

through a 50 mesh screen and dried at 80°C. for 24 hours. 

The weighed sample was placed in an extraction flask, 50 

ml of 80 per cent ethanol were added, and the mixture was 

heated on the extraction heater for two hours. After fil

tering the hot solution through a biological filtering 

apparatus, the alcohol was evaporated and the remaining 

residue dissolved in distilled water and brought up to a 

volume of ten ml with distilled water. A two-tenths ml 

aliquot of this free sugar extract was applied to Whatman 

#4 chromatography paper by means of a micro-pipet and 

chromatogram streaking application. The chromatogram was 

stripped as shown below. 
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The (a) represents the two-tenths ml of free sugar 

extract. This area of the chroraatogram was not sprayed 

with developing solution. The (b) represents the guide 

spots which were used to locate the strips of glucose and 

fructose on the center of the chroraatogram after they had 

been separated with the solvent. Letters (c) and (d) rep

resent the glucose and fructose on the chromatogram once 

the guide spots had been developed. 

The streaked papers were placed in a descending 

chromatography jar, and a solvent of 8:2:1 ethyl acetate, 

pyridine and water was allowed to run for 22 hours. 

Chromatograms were then air dried, guide strips removed 

and these strips sprayed with aniline phthalate spray 

solution. After the guide strips were dried in a forced 

air oven at 85°C. for 15 minutes, they were used to locate 

the glucose and fructose areas on the sample region of 

the chromatogram. 

Glucose and fructose were elutriated from the paper 

by cutting the undeveloped sections containing the sugars 

into small pieces, allowing them to stand in alcohol on a 

warming plate for two hours and then washing and filtering 

four times by means of the biological filtering apparatus. 

The alcohol was evaporated, and the remaining sugars were 

dissolved in distilled water, and brought up to a volume 

of ten ml with distilled water. 
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A two ml aliquot of this elutriated sugar solution 

was placed in a 15 ml test tube, and five ml of alkaline 

0.005 N potassium ferricyanide were then added. The con

tents were mixed thoroughly, placed in an 80°C. water bath 

for 25 minutes and then cooled with running tap water. 

The Bausch and Lorab Model 20 spectrophotometer was set at 

a wave length of 4 20 mu and used to determine the amount 

of light absorbed by each sample. Two blank samples were 

run with each group of test tubes. These blanks contained 

two ml of distilled water plus the five ml aliquot of 

potassium ferricyanide. 

The absorbance reading from the spectrophotometer 

was then used to determine the micrograms of sugar in each 

two ml aliquot of the elutriated samples. The following 

table was prepared with known solutions of glucose and 

used to calculate the micrograms of sugar based on a 

specific spectrophotometer reading. 

Micrograms of 
sugar 

Spectrophotometer 
reading (absorbance) 

50 .53 
60 .49 
70 .45 
80 .41 
90 .37 
100 .33 
110 .29 
120 .25 
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These values closely paralleled those determined 

for sugar cane by Tanimoto and Burr (91). The per cent 

glucose or fructose was determined by the following for

mula : 

(Micrograms in 2 ml) (250) „ 
sample weight x 100 = ^0 glucose or fructose 
(Micrograms) 

The reagents used in this technique were mixed 

according to the procedure described by Tanimoto and Burr 

(91). 

1. 0.05 N Potassium Ferricyanide: Sixteen and 

one-half grams of potassium ferricyanide were dissolved 

in distilled water and made up to a volume of one liter. 

2. 1 N Sodium Carbonate: One-hundred and six 

grams of anhydrous sodium carbonate were dissolved in dis

tilled water and diluted to two liters. 

3. Alkaline Potassium Ferricyanide: A working 

solution of 0.001 N potassium ferricyanide was mixed by 

adding 9B ml of normal sodium carbonate to two ml of 0.05 

N potassium ferricyanide. 

The aniline phthalate spray solution used to 

develop the guide strips was prepared as follows: Thirty-

three and two-tenths grams of phthalic acid were dissolved 

in distilled water and brought up to a liter volume. 

Fifty ml of this solution were added to 50 ml of diethyl-

ether and .91 ml of redistilled aniline. 



Appendix C 

Analysis of variance tables, correlation 
coefficients and separation of means for fac
tors related to the effect of temperature and 
reserve carbohydrates on seed production. 



Table 1. Analysis of variance table for carbohydrate fractions in roots of 
alfalfa plants at cut-off and continuing for a five week interval 
after cutting to start growth for seed production in April, June, 
and August (1964). 

Mean Squares 

Combined Free TAC # Sucrose Glucose Fructose 
Source df sugars sugars 

Treat
ments 

2 63.6I ** 15.82 ** 98. 77 ** 7.54 ** .0214 .0021 

Weeks 5 93.54 ** .25 106. 58 *# .87 .0529 .0321 

T X W 10 35.50 ** 2.64 42. 51 1.83 .0181 .0034 

Error 18 2.03 1.40 6. 23 1.14 .0043 .0018 

§ Total acid-hydrolyzable carbohydrates 
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Table 2. Analysis of variance tables for per cent total 
acid-hydrolyzable carbohydrates at spring cut
off, cut-off to save for seed, bud stage, full-
bloom,and seed harvest in the April, May, June, 
July, August, and September treatments in 1963 
and 1964. 

1963 

Source df 53 m f 
Treatments 5 666.22 132.44 44.74 ** 
Dates 4 1406.90 351.73 118.83 ** 
T X D 20 581.69 29.04 9.81 
Error 30 88.85 2.96 

1964 

Source df MS F 
Treatments 5 188.39 37.68 10.38 
Dates 4 2787.16 696.79 191.92 sje^t 
T X D 20 897.97 44.90 12.09 ** 
Error 108.80 3-63 
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Table 3. Mean separation by use of the Duncan®s Multiple 
Range test for the per cent total acid-hydrolyz-
able carbohydrates in alfalfa roots at the 
spring cut-off, cut-off to save for seed, bud, 
full-bloom, and seed harvest for the April, May, 
June, July, August, and September treatments in 
1963 and 1964. 

1963 

April May June July Aug. Sept. Mean 

Spring 
cut-off 

44.4 42.3 43.5 45.7 43.6 45.4 44.1 a 

Cut to save 
for seed 44' 4 41.9 36.4 29.6 33.3 29.3 35.8 d 

Bud stage 39.0 36.4 31.7 29.5 23.4 21.6 30.3 e 

Full-bloom 45.4 42.4 36.8 35.6 37.1 38.5 39.5 c 

Seed harvest 48.7 40.8 38.6 35.5 44.0 42.3 41.7 b 

Mean 44-4 
X 

40.7 
y 

37.4 
z 

1964 

35.1 
w 

36.3 
w 

35.4 
w 

Spring 
cut-off 

45.1 44.5 42.3 43.0 40.1 36.1 41.8 a 

Cut to save 
for seed 45.1 36.1 31.3 23.3 26.9 27.5 31.7 c 

Bud stage 26.7 26.7 22.2 18.5 23.4 22.6 23.3 d 

Full-bloom 36.0 37.9 35.8 38.6 39.8 43.8 38.6 b 

Seed harvest 35.4 37.5 44.5 36.6 41.5 45.1 40.1 a 

Mean 37.7 
X 

36.6 
xy 

35.2 
y 

32.0 
z 

34.3 
y 

35.0 
y 
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Table 4- Mean separation by use of the Duncan's Multiple 
Range test for the per cent total acid-hydrolyz-
able carbohydrates in alfalfa roots at cut-off 
to save for seed and at intervals of one week 
extending for a period of five weeks in the 
April, June, and August treatments of 1964. 

April June August Mean 

Cut-off 44.4 31.3 26.9 34.2 a 

First week 32.3 23.7 23.0 26.3 c 

Second week 31.3 21.4 23.4 25.5 c 

Third week 
I 

26.7 22.2 27.7 25.5 c 

Fourth week 28.3 31.3 32.3 30.6 b 

Fifth week 32.8 33.0 37.0 34.2 a 

Mean 32.6 
X 

27.2 
y 

28.4 
y 

Table 5. Mean separation by use of the Duncan's Multiple 
Range test for the per cent combined sugars in 
alfalfa roots at cut-off to save for seed and at 
intervals of one week extending for a period of 
five weeks in the April, June, and August treat-
ments of 1964. 

Cut-off 33.9 21.4 16.9 24.1 a 

First week 21.1 16.2 16.3 17.9 c 

Second week 19.9 13.3 15.1 16.1 c 

Third week 16.9 13.5 18.6 16.3 c 

Fourth week 19.4 21.7 22.4 21.2 b 

Fifth week 24.2 22.0 29.3 25.2 a 

Mean 22.6 
X 

18.0 
y 

19.7 
y 
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Table 6. Mean separation by use of the Duncan's Multiple 
Range test for the per cent free sugars in 
alfalfa roots at cut-off to save for seed and 
at intervals of one week extending for a period 
of five weeks in the April, June, and August 
treatments of 1964. 

April June August Mean 

Cut-off 8 . 4  8 . 4  8.8 8.5 a 

First week 11.1 7.6 6.4 8.3 a 

Second week 11.5 7.1 7.Q 8.7 a 

Third week 9.1 7.6 9.1 8.5 a 

Fourth week 9.1 7.5 8.8 8.3 a 

Fifth week 9.5 7.1 8.0 8 . 3  a 

Mean 9.8 
x 

7.5 
y  

8. 2  
y  

Table 7. Mean separation by use of Duncan*s Multiple 
Range test for the per cent sucrose in 
alfalfa roots at cut-off to save for seed and 
at intervals of one week extending for a 
period of five weeks in the April, June, and 
August treatments of 1964. 

Cut-off 6.0 6.3 8.2 6.9 a 

First week 8.6 5.3 5.1 6.3 a 

Second week 

c\ co 

5.6 6.3 6.7 a 

Third week 7.1 6*4 7.5 7.0 a 

Fourth week 7.8 6.1 7.6 7.0 a 

Fifth week 7.8 5.8 6.7 6.7 a 

Mean 7.5 
x 

5.9 
xy 

6.9 
y  
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Table 8. Mean separation by use of the Duncan9s Multiple 
Range test for the per cent glucose in alfalfa 
roots at cut-off to save for seed and at inter
vals of one week extending for a period of five 
weeks in the April, June, and August treatments 
of 1964. 

April June August Mean 

Cut-off .32 

C
O

 C
\ 

• .39 .36 b 

First week • 66 .55 .41 .54 a 

Second week .51 • 44 .34 .43 b 

Third week .38 .27 .36 .34 b 

Fourth week .38 .25 .25 .30 c 

Fifth week .31 .27 .31 .30 c 

Mean .42 
X 

.36 
y 

.34 
y 

Table 9. Mean separation by use of the Duncan's Multiple 
Range test for the per cent fructose in alfalfa 
roots at cut-off to save for seed and at inter
vals of one week extending for a period of 
five weeks in the April, June, and August treat
ments of 1964. 

Cut-off .28 .36 .35 .33 b 

First week .42 .37 .40 .40 a 

Second week .43 .39 .32 .38 a 

Third week .23 .23 .29 .25 c 

Fourth week .24 .19 .22 .22 c 

Fifth week .29 .21 .30 .27 be 

Mean .31 
X 

.29 
X 

.32 
X 
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Table 10. Simple correlation coefficients for seed produc
tion in 1963 and 1964. 

Factor Correlated 1963 1964 

Number of stems at full-bloom .559 .270 
Number of plants at full-bloom .700 .413 * 
Crown diameter at full-bloom -.297 - .0O6 ** 
Stem height at seed harvest .608 ** .012 
Weight of 100 seeds .366 .236 
Per cent pod set .531 ** .825 ** 
Number of seeds per pod .727 .305 
Number of bracts per stem .081 .062 
Number of pods per stem .517 ** .705 ** 
Number of racemes per stem .130 .015 
TAC at cut-off to save for seed .192 .747 ** 
TAC at bud stage .386 .423 * 
TAC at full-bloom -.162 -.509 
Maximum temperatures from cut-off 

to bud .401 * -.799 ** 
Maximum temperatures from bud to 

.765 full-bloom .765 ** -.325 
Maximum temperatures from full-bloom 
to seed harvest .520 ** .402 * 

Maximum temperatures for entire seed 
production period . 844 ** .481 ** 

Minimum temperatures from cut-off 
to bud -.131 -.715 ** 

Minimum temperatures from bud to 
.264 full-bloom .264 -.510 

Minimum temperatures from full-bloom 
to seed harvest .040 .179 

Minimum temperatures for entire seed 
production period .395 -. 448 jje^c 

Rainfall from cut-off to bud -.654 ** -.319 
Rainfall from bud to full-bloom .366 -.296 
Rainfall from full-bloom to seed 

-.126 harvest .510 ** -.126 
Rainfall for entire seed production 

period .117 -.442 ** 
Number of crown buds at full-bloom -.447 ** 
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Table 11. Simple correlation coefficients for the number 
of pods per stem in the April, May, June, July, 
August, and September treatments of 1963 and 
1964. 

Factor Correlated 1963 1964 

TAC at cut-off to save for seed .558 ** .400 * 
TAC at bud stage .729 ** .065 
TAC at full-bloom .310 -.483 ** 
Average maximum temperature from 

cut-off to bud stage -.111 -.429 * 
Average maximum temperature from 

bud to full-bloom .377 * -.172 
Average maximum temperature from 
full-bloom to harvest .713 ** .511 ** 

Average maximum temperature for 
entire seed production period .506 ** .533 ** 

Average minimum temperature from 
cut-off to bud stage -.491 ** -.377 * 

Average minimum temperature from 
bud to full-bloom -.196 -.197 

Average minimum temperature from 
full-bloom to seed harvest -.053 «374 * 

Average minimum temperature for 
entire seed production period .006 -.063 

Rainfall from cut-off to save for 
seed until bud stage -.640 ** .064 

Rainfall from bud stage to full-
bloom -.418 * .147 

Rainfall from full-bloom to seed 
harvest .130 -.009 

Rainfall for entire seed production 
period -.404 * .108 



105 

Table 12. Simple correlation coefficients for the number 
of bracts (flowers) per stem in the April, May, 
June, July, August? and September treatments of 
1963 and 1964. 

Factor Correlated 1963 1964 

TAC at cut-off to save for seed .554 ** -.133 
TAC at bud stage .516 ** -.450 
TAC at full-bloom .417 * -.578 ** 

Average maximum temperature from 
cut-off to bud stage -.410 .403 * 

Average maximum temperature from 
.064 bud to full-bloom .064 .488 

Average maximum temperature from 
full-bloom to harvest .470 .554 ** 

Average maximum temperature for 
.056 entire seed production period .056 .591 ** 

Average minimum temperature from 
.136 cut-off to bud stage -.557 .136 

Average minimum temperature from 
-.276 bud to full-bloom -.276 .548 ** 

Average minimum temperature from 
.666 full-bloom to seed harvest .004 .666 ** 

Average minimum temperature for 
.621 entire seed production period -.287 .621 sic# 

Rainfall from cut-off to save for 
.167 seed until bud stage -.183 .167 

Rainfall from bud stage to full-
-.269 bloom -.269 • .507 

Rainfall from full-bloom to seed 
harvest -.254 .424 * 

Rainfall for entire seed production 
.637 period -.377 * .637 ** 



106 

Figure 13. Simple correlation coefficients for the number 
of seeds per pod in the April, May, June, July, 
August, and September treatments of 1963 and 
1964. 

Factor Correlated 1963 1964 

TAC at cut-off to save for seed .620 ** .157 
TAC at bud stage .829 .163 
TAC at full-bloom .362 * .303 
Average maximum temperature from 
cut-off t6 bud stage -.131 -.500 

Average maximum temperature from 
bud to full-bloom .488 ** -.583 

Average maximum temperature from 
full-bloom to harvest .753 ** -.300 

Average maximum temperature for 
.556 entire seed production period .556 ** -.288 

Average minimum temperature from 
-.163 cut-off to bud stage -.591 ** -.163 

Average minimum temperature from 
—. 446 bud to full-bloom -.235 —. 446 ** 

Average minimum temperature from 
full-bloom to seed harvest -.190 -.438 ** 

Average minimum temperature for 
-.476 entire seed production period -.043 -.476 ** 

Rainfall from cut-off to save for 
seed until bud stage -.801 ** -.129 

Rainfall from bud stage to full-
bloom -.585 ** -.134 

Rainfall from full-bloom to seed 
harvest .172 -.501 ** 

Rainfall for entire seed production 
period -.522 -.307 
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Table 14. Simple correlation coefficients for the number 
of racemes per stem in the April, May, June, 
July, August, and September treatments for 1963 
and 1964. 

Factor Correlated 1963 1964 

TAC at cut-off to save for seed .405 ** -.167 
TAC at bud stage .589 ** -.459 
TAC at full-bloom .368 * -.509 
Average maximum temperature from 

cut-off to bud stage -.307 -.409 * 
Average maximum temperature from 

bud to full-bloom -.009 . 448 ** 
Average maximum temperature from 
full-bloom to harvest .524 ** .503 

Average maximum temperature for 
entire seed production period .134 .527 *5}C 

Average minimum temperature from 
-.462 .163 cut-off to bud stage -.462 ** .163 

Average minimum temperature from 
-.269 .526 bud to full-bloom -.269 .526 

Average minimum temperature from 
-.068 .617 full-bloom to seed harvest -.068 .617 ** 

Average minimum temperature for 
.600 entire seed production period -.157 .600 ** 

Rainfall from cut-off to save for 
seed until bud stage -.352 * .217 

Rainfall from bud stage to full-
bloom -.236 .511 ** 

Rainfall from full-bloom to seed 
harvest -.067 .407 * 

Rainfall for entire seed production 
.661 period -.326 .661 ** 
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Table 15. Simple correlation coefficients for the per
centage pod set in the April, May, June, July, 
August, and September treatments of 1963 and 
1964. 

Factor Correlated 1963 1964 

TAC at cut-off to save for seed .225 .613 ** 
TAC at bud stage .538 5(S* .408 * 
TAC at full-bloom .000 -.318 
Average maximum temperature from 
cut-off to bud stage .231 -.738 ** 

Average maximum temperature from 
-.396 bud to full-bloom .344 # -.396 • 

Average maximum temperature from 
.336 full-bloom to harvest .575 ** .336 * 

Average maximum temperature for 
.631 entire seed production period .631 ** .355 * 

Average minimum temperature from 
cut-off to bud stage -.135 -.573 ** 

Average minimum temperature from 
bud to full-bloom .041 -.532 ** 

Average minimum temperature from 
-.064 full-bloom to seed harvest -.064 .108 

Average minimum temperature for 
entire seed production period .322 -.424 * 

Rainfall from cut-off to save for 
seed until bud stage -.700 ** -.168 

Rainfall from bud stage to full-
bloom -.247 -.197 

Rainfall from full-bloom to seed 
harvest .472 ** -.207 

Rainfall for entire seed production 
period -.132 -.345 * 

i  
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Table 16. Simple correlation coefficients for seed produc
tion in the April, June, and August treatments 
of 1964. 

Factor Correlated 

Number of racemes per stem 
Number of pods per stem 
Number of bracts per stem 
Number of seeds per pod 
Weight of 100 seeds 
Per cent pod set 

Per cent sucrose at cut-off 
Per cent sucrose at end of 1st 
Per cent sucrose at end of 2nd 
Per cent sucrose at end of 3rd 
Per cent sucrose at end of 4th 
Per oent sucrose at end of 5th 

-.148 
.882 ** 
-.150 
.511 * 
.213 
.850 

- -.584 * 
wk. after cut-•off .933 
wk. after cut-•off .899 ** 
wk. after cut-•off .192 
wk. after cut-•off .533 * 
wk. after cut-•off .819 ** 

Combined sugars at cut-•off .905 ** 
Combined sugars at end of 1st wk. after cut' -off .935 
Combined sugars at end of 2nd wk. after CUt' -off .905 ** 
Combined sugars at end of 3rd wk. after cut -off .180 
Combined sugars at end of 4th wk. after cut -off -.909 
Combined sugars at end of 5th wk. after cut -off -.217 

Free sugars at cut-off -.451 
Free sugars at end of 1st wk. after cut-off .909 ** 
Free sugars at end of 2nd wk. after cut-off .925 ** 
Free sugars at end of 3rd wk. after cut-off .430 
Free sugars ,at end of 4th wk. after cut-off .592 ** 
Free sugars at end of 5th wk. after cut-off .935 ** 

Per cent glucose at cut-off -.927 ** 
Per cent glucose at end of 1st wk. after cut-off .776 ** 
Per cent glucose at end of 2nd wk. after cut-off .758 ** 
Per cent glucose at end of 3rd wk. after cut-off .599 ** 
Per cent glucose at end of 4th wk. after cut-off .935 ** 
Per cent glucose at end of 5th wk. after cut-off .467 

Per cent fructose at cut-off .929 
Per cent fructose at end of 1st wk. after cut-•off .751 
Per cent fructose at end of 2nd wk. after cut-•off .727 ** 
Per cent fructose at end of 3rd wk. after cut-•off -.468 * 
Per cent fructose at end of 4th wk. after cut-•off .751 
Per cent fructose at end of 5th wk. after cut-•off .383 
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Table 16. (cont*d) 

Factor Correlated 

Per Cent TAC at cut-off 

Average maximum temperature 1st week 
Average maximum temperature 2nd week 
Average maximum temperature 3rd week 
Average maximum temperature 4th week 
Average maximum temperature 5th week 

Average minimum temperature 1st week 
Average minimum temperature 2nd week 
Average minimum temperature 3rd week 
Average minimum temperature 4th week 
Average minimum temperature 5th week 

.907 
cut-off .933 ** 
cut-off .917 ** 
cut-off .322 
cut-off -.909 ** 
cut-off -.493 * 

— .934 
-.919 ** 
-.925 ** 
-.779 
.727 ** 

— .734 ** 
-.871 ** 
-.935 ** 
-.926 ** 
-.914 ** 
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Table 17. Simple correlation coefficients for the weight 
of one hundred seeds in the April, June, and 
August treatments of 1964. 

Factor Correlated 

Per cent sucrose at cut-off .510 * 
Per cent sucrose end of 1st week after cut-off .097 
Per cent sucrose end of 2nd week after cut-off .349 
Per cent sucrose end of 3rd week after cut-off .781 ** 
Per cent sucrose end of 4th week after cut-off .713 ** 
Per cent sucrose end of 5th week after cut-off .496 ** 

Per cent combined sugars at cut-off -*053 
Per cent combined sugars end of 1st week after 

cut-off .161 
Per cent combined sugars end of 2nd week after 

cut-off .333 
Per cent combined sugars end of 3rd week after 

cut-off .781 ** 
Per cent combined sugars end of 4th week after 

cut-off .042 
Per cent combined sugars end of 5th week after 

cut-off .714 ** 

Per cent free sugars at cut-off .604 ** 
Per cent free sugars end of 1st week after cut-off-.039 
Per cent free sugars end of 2nd week after cut-off .253 
Per cent free sugars end of 3rd week after cut-off .748 ** 
Per cent free sugars end of 4th week after cut-off .686 ** 
Per cent free sugars end of 5th week after cut-off .151 

Per cent glucose at cut-off -.041 
Per cent glucose end of 1st week after cut-off -.309 
Per cent glucose end of 2nd week after cut-off -.333 
Per cent glucose end of 3rd week after cut-off .682 ** 
Per cent glucose end of 4th week after cut-off .144 
Per cent glucose end of 5th week after cut-off .737 ** 

Per cent fructose at cut-off -.231 
Per cent fructose end of 1st week after cut-off .574 * 
Per cent fructose end of 2nd week after cut-off -.371 
Per cent fructose end of 3rd week after cut-off .593 ** 
Per cent fructose end of 4th week after cut-off .574 * 
Per cent fructose end of 5th week after cut-off .760 ** 
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Table 17. (cont»d) 

Factor Correlated 

Per cent TAC at cut-off -.047 
Per cent TAC end of 1st week after cut-off .089 
Per cent TAC end of 2nd week after cut-off .291 
Per cent TAC end of 3rd week after cut-off .771 ** 
Per cent TAC end of 4th week after cut-off .041 
Per cent TAC end of 5th week after cut-off .577 * 

Average maximum temperature 1st week -.110 
Average maximum temperature 2nd week -.285 
Average maximum temperature 3rd week -.252 
Average maximum temperature 4th week -.544 * 
Average maximum temperature 5th week -.371 

Average minimum temperature 1st week .363 
Average minimum temperature 2nd week .146 
Average minimum temperature 3rd week -.122 
Average minimum temperature 4th week -.251 
Average minimum temperature 5th week -.303 
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Table 18. Simple correlation coefficients for the number 
of seeds per pod in the April, June, and August 
treatments of 1964, 

Factor Correlated 

Per cent sucrose at cut-off .041 
Per cent sucrose end of 1st week after cut-off .498 * 
Per cent sucrose end of' 2nd week after cut-off .637 ** 
Per cent sucrose end of 3rd week after cut-off .573 * 
Per cent sucrose end of 4th week after cut-off .690 ** 
Per cent sucrose end of 5th week after cut-off .691 ** 

Per cent combined sugars at cut-•off .392 
Per cent combined sugars end of 1st week after 

cut-off 
sugars 

.538 * 
Per cent combined sugars end of 2nd week after 

.630 cut-off 
sugars 

.630 ** 
Per cent combined sugars end of 3rd week after 

cut-off 
sugars 

.567 ** 
Per cent combined sugars end of 4th week after 

cut-off 
sugars 

-.400 
Per cent combined sugars end of 5th week after 

cut-off 
sugars 

.339 

Per cent free sugars at cut-off .161 
Per cent free sugars end of 1st week after cut-off .402 
Per cent free sugars end of 2nd week after cut-off .590 ** 
Per cent free sugars end of 3rd week after cut-off .664 ** 
Per cent free sugars end of 4th week after cut-off .701 
Per cent free sugars end of 5th week after cut-off .532 * 

Per cent glucose at cut-off -.460 
Per cent glucose end of 1st week after cut-off .173 
Per cent glucose end of 2nd week after cut-off .150 
Per cent glucose end of 3rd week after cut-off .702 ** 
Per cent glucose end of 4th week after cut-off .528 * 
Per cent glucose end of 5th week after cut-off .675 ** 

Per cent fructose at cut-off -.579 * 
Per cent fructose end of 1st week after cut-off .706 ** 
Per cent fructose end of 2nd week after cut-off .112 
Per cent fructose end of 3rd week after cut-off .147 
Per cent fructose end of 4th week after cut-off .706 ** 
Per cent fructose end of 5th week after cut-off .649 ** 
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Table 18. (cont*d) 

Factor Correlated 

Per cent TAC at cut-off .397 
Per cent TAC end of 1st week after cut-off .L92 * 
Per cent TAC end of 2nd week after cut-off .610 ** 
Per cent TAC end of 3rd week after cut-off .627 ** 
Per cent TAC end of 4th week after cut-off -.401 
Per cent TAC end of 5th week after cut-off .125 

Average maximum temperature 1st week -.506 * 
Average maximum temperature 2nd week -.607 ** 
Average maximum temperature 3rd week -.590 ** 
Average maximum temperature 4th week -.702 ** 
Average maximum temperature 5th week .112 

Average minimum temperature 1st week -.120 
Average minimum temperature 2nd week -.318 
Average minimum temperature 3rd week -.514 * 
Average minimum temperature 4th week -.589 * 
Average minimum temperature 5th week -.616 ** 
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Table 19. Simple correlation coefficients for the average 
number of bracts (flowers) per stem in the April, 
June, and August treatments of 1964. 

Factor Correlated 

Per cent sucrose at cut-off -.561 * 
Per cent sucrose end of 1st week after cut-•off -.103 
Per cent sucrose end of 2nd week after cut-off -.379 
Per cent sucrose end of 3rd week after cut-off -.856 
Per cent sucrose end of 4th week after cut-off -.780 ** 
Per cent sucrose end of 5th week after cut-off -.541 * 

Per cent combined sugars at cut-•off 
Per cent combined sugars end of 1st week after 

cut-off 
sugars 

Per cent combined sugars end of 2nd week after 
cut-off 

sugars 

Per cent combined sugars end of 3rd week after 
cut-off 

sugars 

Per cent combined sugars end of 4th week after 
cut-off 

sugars 

Per cent combined sugars end of 5th week after 
cut-off 

sugars 

Per cent free sugars at cut-off 
Per cent free sugars end of 1st week after cut-off 
Per cent free sugars end of 2nd week after cut-off-
Per cent free sugars end of 3rd week after cut-off -
Per cent free sugars end of 4th week after cut-off-
Per cent free sugars end of 5th week after cut-off-

Per cent glucose at cut-off 
Per cent glucose end of 1st week after cut-off 
Per cent glucose end of 2nd week after cut-off 
Per cent glucose end of 3rd week after cut-off 
Per cent glucose end of 4th week after cut-off 
Per cent glucose end of 5th week after cut-off 

.062 

.172 

.362 

.856 ** 

.049 

.783 ** 

.663 ** 

.047 

.274 

.819 ** 

.749 ** 
.162 

.042 

.342 
.368 
.746 ** 
.154 
,80o ** 

Per cent fructose at cut-off .250 
Per cent fructose end of 1st week after cut--off -.626 ** 
Per cent fructose end of 2nd week after cut--off .409 
Per cent fructose end of 3rd week after cut--off -.652 ** 
Per cent fructose end of 4th week after cut--off -.626 ** 
Per cent fructose end of 5th week after cut--off -.831 ** 
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Table 19. (cont'd) 
t 

Factor Correlated 

Per cent TAC 
Per cent TAC 
Per cent TAC 
Per cent TAC 
Per cent TAC 
Per cent TAC 

at cut-off 
end of 1st week 
end of 2nd week 
end of 3rd week 
end of 4th week 
end of 5th week 

after cut-off 
after cut-off 
after cut-off 
after cut-off 
after cut-off 

Average maximum temperature 1st week 
Average maximum temperature 2nd week 
Average maximum temperature 3rd week 
Average maximum temperature 4th week 
Average maximum temperature 5th week 

Average minimum temperature 1st week 
Average minimum temperature 2nd week 
Average minimum temperature 3rd week 
Average minimum temperature 4th week 
Average minimum temperature 5th week 

.055 

.094 

.316 

.844 ** 

.049 

.634 #* 

.117 

.309 

.273 

.594 ** 

.409 

.401 

.164 

.130 
.272 
.329 
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Table 20. Simple correlation coefficients for the number 
of pods per stem in the April, June, and August 
treatments of 1964. 

Factor Correlated 

Per cent sucrose at cut-off -.491 * 
Per cent sucrose end of 1st week after cut-off .893 ** 
Per cent sucrose end of 2nd week after cut-off .890 ** 
Per cent sucrose end of 3rd week after cut-off .274 
Per cent sucrose end of 4th week after cut-off .587 * 
Per cent sucrose end of 5th week after cut-off .832 ** 

Per cent combined sugars at cut-off .848 ** 
Per cent combined sugars end of 1st week after 

cut-off .902 ** 
Per cent combined sugars end of 2nd week after 

cut-off .894 ** 
Per cent combined sugars end of 3rd week after 

cut-off .263 
Per cent combined sugars end of 4th week after 

cut-off -.853 ** 
Per cent combined sugars end of 5th week after 

cut-off -.121 

Per cent free sugars at cut-off -.354 
Per cent free sugars end of 1st week after cut-off .854 ** 
Per cent free sugars end of 2nd week after cut-off .904 ** 
Per cent free sugars end of 3rd week after cut-off .L95 * 
Per cent free sugars end of 4th week after cut-off .040 ** 
Per cent free sugars end of 5th week after cut-off .901 ** 

Per cent glucose at cut-off -.880 ** 
Per cent glucose end of 1st week after cut-off .696 ** 
Per cent glucose end of 2nd week after cut-off .677 ** 
Per cent glucose end of 3rd week after cut-off .646 ** 
Per cent glucose end of 4th week after cut-off .900 ** 
Per cent glucose end of 5th week after cut-off .528 * 

Per cent fructose at cut-off -.90L ** 
Per cent fructose end of 1st week after cut-off .77o ** 
Per cent fructose end of 2nd week after cut-off .643 ** 
Per cent fructose end of 3rd week after cut-off -.372 
Per cent fructose end of 4th week after cut-off .776 ** 
Per cent fructose end of 5th week after cut-off .451 
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Table 20. (cont'd) 

Factor Correlated 

Per cent TAC at cut-off .851 ** 
Per cent TAC end of 1st week after cut-off .891 ** 
Per cent TAC end of 2nd week after cut-off .900 ** 
Per cent TAC end of 3rd week after cut-off .395 
Per cent TAC end of 4th week after cut-off -.853 ** 
Per cent TAC end of 5th week after cut-off -.398 

Average maximum temperature 1st week -.895 ** 
Average maximum temperature 2nd week -.901 ** 
Average maximum temperature 3rd week -.904 ** 
Average maximum temperature 4th week -.800 ** 
Average maximum temperature 5th week .643 ** 

Average minimum temperature 1st week -.650 ** 
Average minimum temperature 2nd week -.805 ** 
Average minimum temperature 3rd week -.897 ** 
Average minimum temperature 4th week -.904 ** 
Average minimum temperature 5th week -.899 ** 
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Table 21. Simple correlation coefficients for the number 
of racemes per stem in the April, June, and 
August treatments of 1964. 

Factor Correlated 

Per cent sucrose at cut-off -.475 * 
Per cent sucrose end of 1st week after cut-off -.104 
Per cent sucrose end of 2nd week after cut-off -.342 
Per cent sucrose end of 3rd week after cut-off -.472 * 
Per cent sucrose end of 4th week after cut-off -.682 ** 
Per cent sucrose end of 5th week after cut-off -.481 * 

Per cent combined sugars at cut-off .039 
Per cent combined sugars end of 1st week after 

cut-off -.164 
Per cent combined sugars end of 2nd week after 

cut-off -.327 
Per cent combined sugars end of 3rd week after 

cut-off -»742 •* 
Per cent<combined sugars end of 4th week after 

cut-off -.028 
Per cent combined sugars end of 5th week after 

cut-off -.673 ** 

Per cent free sugars at cut-off -.565 * 
Per cent free sugars end of 1st week after cut-off-.025 
Per cent free sugars end of 2nd week after cut-off 
Per cent free sugars end of 3rd week after cut-off 
Per cent free sugars end of 4th week after cut-off 
Per cent free sugars end of 5th week after cut-off 

.252 

.714 ** 

.657 ** 

.155 

Per cent glucose at cut-off -.051 
Per cent glucose end of 1st week after cut-off .283 
Per cent glucose end of 2nd week after cut-off .305 
Per cent glucose end of 3rd week after cut-off -.654 ** 
Per cent glucose end of 4th week after cut-off -.149 
Per cent glucose end of 5th week after cut-off -.704 ** 

Per cent fructose at cut-off .231 
Per cent fructose end of 1st week after cut-off -.553 * 
Per cent fructose end of 2nd week after cut-off .341 
Per cent fructose end of 3rd week after cut-off -.555 * 
Per cent fructose end of 4th week after cut-off -.553 * 
Per cent fructose end of 5th week after cut-off -.724 ** 
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Table 21. (cont'd) 

Factor Correlated 

Per cent TAC at cut-off .032 
Per cent TAC end of 1st week after cut-off -.096 
Per cent TAC end of 2nd week after cut-off -.288 
Per cent TAC end of 3rd week after cut-off -.734 ** 
Per cent TAC end of 4th week after cut-off -.027 
Per cent TAC end of 5th week after cut-off -.539 * 

Average maximum temperature 1st week .116 
Average maximum temperature 2nd week .282 
Average maximum temperature 3rd week .251 
Average maximum temperature 4th week .525 * 
Average maximum temperature 5th week .241 

Average minimum temperature 1st week -.734 ** 
Average minimum temperature 2nd week -.871 ** 
Average minimum temperature 3rd week -.935 ** 
Average minimum temperature 4th week -.92o ** 
Average minimum temperature 5th week -.914 ** 
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Table 22. Simple correlation coefficients for the per cent 
pod set in the April, June, and August treatments 
of 1964. 

Factor Correlated 

Per cent sucrose at cut-off 
Per cent sucrose end of 1st week after cut-off 
Per cent sucrose end of 2nd week after cut-off 
Per cent sucrose end of 3rd week after cut-off 
Per cent sucrose end of 4th week after cut-off 
Per cent sucrose end of 5th week after cut-off 

Per cent combined sugars at < cut-•off 
Per cent combined sugars end of 1st week after 

cut-off 
sugars 

Per cent combined sugars end of 2nd week after 
cut-off 

sugars 

Per cent combined sugars end of 3rd week after 
cut-off 

sugars 

Per cent combined sugars end of 4th week after 
cut-off 

sugars 

Per cent combined sugars end of 5th week after 
cut-off 

sugars 

Per cent free 
Per cent free 
Per cent free 
Per cent free 
Per cent free 
Per cent free 

sugars at cut-off 
sugars end of 1st week after cut-off 
sugars end of 2nd week after cut-off 
sugars end of 3rd week after cut-off 
sugars end of 4th week after cut-off 
sugars end of 5th week after cut-off 

Per cent glucose at cut-off 
Per cent glucose end of 1st week after cut-off 
Per cent glucose end of 2nd week after cut-off 
Per cent glucose end of 3rd week after cut-off 
Per cent glucose end of 4th week after cut-off 
Per cent glucose end of 5th week after cut-off 

Per cent fructose at cut-off 
Per cent fructose end of 1st week after cut-off 
Per cent fructose end of 2nd week after cut-off 
Per cent fructose end of 3rd week after cut-off 
Per cent fructose end of 4th week after cut-off 
Per cent fructose end of 5th week after cut-off 

- . 2 9 3  

. 8 3 5  ** 

. 9 0 7  

. 4 7 8  * 

. 7 4 1  

. 8 9 8  ** 

. 7 5 0  ** 

. 8 6 2  >!<* 

. 9 0 6  

. 4 6 8  * 

- . 7 5 8  ** 

. 1 0 2  

- . 1 4 2  
1  . 7 6 0  ** 
'  . 8 9 1  ** 

. 6 6 8  sjn(e 

'  . 7 8 1 - * *  

. 8 5 8  ** 

- . 8 0 7  ** 

. 5 3 7  * 

. 5 1 3  * 

. 7 8 5  ** 

. 8  5 5  ** 

. 6 9 5  fc* 

- . 8 8 5  ** 
. 8 7 1  ** 

. 4 7 1  * 
- . 1 6 0  

. 8 7 1  ** 

. 6 3 2  ** 
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Table 22. (cont'd) 

Factor Correlated 

Per cent TAC at cut-off .755 ** 
Per cent TAC end of 1st -week after cut-off .831 ** 
Per cent TAC end of 2nd week after cut-off .899 ** 
Per cent TAC end of 3rd week after cut-off .585 * 
Per cent TAC end of 4th week after cut-off -.758 ** 
Per cent TAC end of 5th week after cut-off -.189 

maximum temperature 1st week -.841 
maximum temperature 2nd week -.898 
maximum temperature 3rd week -.891 ** 
maximum t emp eratur e 4th week -.884 
maximum temperature 5th week .471 * 

minimum temperature 1st week -.480 * 
minimum temperature 2nd week -.684 
minimum temperature 3rd week -. 84^ ** 
minimum temperature 4th week -.890 
minimum temperature 5th week -.901 ** 
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Table 23. Mean separation by use of the Duncanfs Multiple 
Range test for crown diameter, number of stems 
per plant, number of plants per two square feet, 
components of seed yield, seed production and 
forage production in the April, May, June, July, 
and September treatments of 19o3. 

Apr. May June Julv Aug. Sept. 

Crown diameter 9.69 9.00 10.04 13.53 15.80 16.20 
(mm) c c c b a a 

No. stems per 6.13 6.16 6.56 6.90 8.27 7.67 
plant b b b b a ab 

No. plants per 35.40 50.30 43.30 35.70 30.90 36.10 
2 sq. ft. be a ab be c be 

No. racemes per 34.30 28.27 27.60 27.63 21.87 18.20 
stem a a a a b b 

No. pods per 120.10 138.80 128.22 107.17 58.10 45.77 
stem a a a a b b 

No. bracts per 340.00 262.50 290.50 213.83 238.50 188.33 
st em a b ab b b c 

No. seeds per 4.77 5.29 5.32 3.97 1.40 1.62 
pod b a a c d d 

Weight of 100 .109 .165 .158 .110 .097 .172 
seeds (grams) b a a b b a 

Per cent pod 35.91 48.86 44.37 50.59 24.15 24.08 
set b a a a c c 

Seed production 41.88 I63.41 214.30 112.93 26.02 28.37 
(grams per 
plot) c b a b c c 

Forage produc 37.75 43.01 52.28 60.24 55.65 55.56 
tion (lbs. 
per plot) c c b a b b 
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Table 24* Mean separation by use of the Duncan^ Multiple 
Range test for crown diameter, number of stems 
per plant, number of plants per two square feet, 
components of seed yield, seed production and 
forage production in the April, May, June, July, 
August, and September treatments of 1964. 

Apr. May June July Aug. Sept. 

Crown diameter 61.57 43.48 54.68 48.70 46.74 57.79 
(mm) a c b c c ab 

No. stems per 11.86 12.73 10.74 10.97 11.72 11.59 
plant a a a a a a 

No. plants per 14.80 16.90 14.40 21.40 18.10 13.00 
2 sq. ft. cd be cd a b d 

No. racemes 34.20 37.60 52.23 65.60 25.60 16.01 
per stem b b a a b c 

No. pods per 132.30 57.63 36.13 110.13 46.67 17.23 
stem a b b a b c 

No. bracts 379.17 382.53 550.67 642.83 290.33 179.00 
per stem b b a a b c 

No. seeds 2.73 2.06 1.76 2.21 2.42 2.66 
per pod a b b b a a 

Weight of 100 .092 .048 .047 .081 .115 .091 
seeds (grams) ab c c b a ab 

Per cent 34.76 14.86 6.80 17.17 16.44 10.38 
pod set a be be b be c 

Seed produc 141.38 13.10 22.79 28.18 22.78 3.79 
tion (grams 
per plot) a be b b be c 

Forage produc 35.61 42.66 47.23 49.92 54.99 52.92 
tion (lbs. 
per plot) d c b b a a 
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