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ABSTRACT

Controlled hand-pollination and bee-pollination techniques were 
used to reciprocally cross each of four multifoliolate alfalfa clones 
with a 'Mesa-Sirsa* clone to determine if genes for the multifoliolate 
trait could be transmitted and expressed in the generation. Prelimi
nary morphological and cytogenetical investigations of the parent clones 
were conducted.

The total population contained 33% multifoliolate plants.
The multifoliolate condition appears to be quantitatively inherited; 
thus, a recurrent selection program could be used to increase the ex
pression of the multifoliolate characteristic. Differences existed 
among multifoliolate parent clones for penetrance of this characteris
tic.

Specific leaf weight was significantly different among the F̂  
progenies; however, in these progenies the average SLW of the multi
foliolate plants was significantly higher than that of the-trif oliolate 
plants in only one of the seven progenies. Three of the multifoliolate 
parent clones expressed a higher SLW than the Mesa-Sirsa clone when 
grown under field conditions.

The multifoliolate clones used in this study had the normal 
tetraploid complement of 32 chromosomes, which would enhance the devel
opment of a multifoliolate cultivar. This characteristic appears to 
have an advantage for increased leaf percentage of dry matter;

viii



therefore, the development of a multifoliolate cultivar could improve 
the quality of alfalfa forage and increase dry matter production.



INTRODUCTION

Alfalfa (Medicago sativa L.) is the most important forage legume 
grown in North America. This forage legume is an important source of 
protein, carotene, minerals and also contains a rich supply of most es
sential vitamins. According to Stahmann (Childers and Barnes, 1972) 
alfalfa produces a greater yield of proteins and essential amino acids 
per acre than any other agronomic crop. Most of these proteins are con
tained in the leaves. In a study by Dobrenz, Schonhorst and Thompson 
(1969) the protein percentage of leaves averaged 26% while the stems 
averaged 11% protein. They found no differences in average protein per
centage of leaves among six cultivars studied; however, the total amount 
of protein produced per acre was significantly higher for 'Mesa-Sirsa'.

Current cultivars of alfalfa (Medicago sativa L. and M. sativa 
L. x M. falcata L. derivatives) have trifoliolate leaves. The term 
multifoliolate was used by Bingham (1964) to describe alfalfa leaves 
which had more than three leaflets. The size, shape and number of leaf
lets comprising a leaf vary considerably on a single multifoliolate type 
plant. Normal, trifoliolate leaves can also occur on plants with multi
foliolate leaves. '

Variation in leaf morphology has received comparatively little 
attention among researchers despite the importance of the leaf in photo
synthesis and as nutritive value of the forage. It is important for 
alfalfa breeders to seek new ways to improve the yield potential of 
alfalfa. Leaf area and canopy design present a potential mechanism

1



2
whereby the plant breeder can improve yield of dry matter and protein 
production of alfalfa.

The research reported here was designed to study the penetrance 
of the multiple-leaflet characteristic into Mesa-Sirsa, a 
non-winter-dormant, trifoliolate alfalfa. The objectives of this ex
periment were to determine the chromosome number of selected multiple- 
leaflet clones and evaluate the effect this characteristic has on 
leaflet to stem-petiole ratio, internode length, specific leaf weight, 
stomate density and other morphological features.



REVIEW OF LITERATURE

Leaf Area
Plant breeders are continually searching for new methods and 

materials from which improved cultivars can be developed. Considerable 
emphasis has been placed upon increasing leaf area as a mechanism for 
increasing yield. Pearce et al. (1969) stated that we must determine 
what changes in physiology, morphology and geometry are necessary to 
exploit fully those plants with high photosynthetic rates.

Progress in increasing alfalfa forage yield has been relatively 

good when compared to other forage crops, but when compared with in
creases achieved in grain yield of field crops such as com (Zea mays 
L.) and sorghum (Sorghum vulgare L.), these increases have been modest. 
Childers and Bames (1972) report only an 18% increase in alfalfa yield 
per harvested acre from 1945 to 1965, compared with 87% and 164% for 
com (grain) and sorghum (grain), respectively.

New cultivars have increased alfalfa yields, but this has been 
due in part to protection of the crop from insect and disease damage. 
Much of the increase in production can be attributed to improved crop 
management practices such as high fertility and appropriate harvest in
tervals.

Donald (1963) stated that the ultimate capacity of a plant com
munity to produce dry matter depends on the degree of exploitation of 
solar radiation. The amount of radiation intercepted by a leaf is de
termined by its size and its angle,to the source. Osman (1971) found



a general dependence of dry matter production on the amount of total 
incoming visible radiation. The efficiency with which a crop utilizes 
solar radiation is greatly dependent upon leaf area.

A significant relationship between leaf area and dry matter 
production has been shown in many crops. Several researchers (Watson, 
1958; Pearce, Brown and Blaser, 1965; Wilfong, Brown and Blaser, 1967) 
have found a positive relationship between leaf area and accumulated net 
dry matter production. Robison and Massengale (1968), Fuess and Tesar
(1968), Wilhelm (1973), Delaney (1972), Foutz (1973), and Joy, Poole 
and Dobrenz (1972), found this same relationship in alfalfa. However, 
Joy et al. (1972) stated that leaf area index (LAI) does not appear to 
have practical application for predicting seasonal production.

. Differences in dry matter production in birdsfoot trefoil (Lotus 
comiculatus L.) seedlings were attributed to differences in leaf area 
production by Shibles and MacDonald (1962). Shibles and Weber (1965) 
and Humphreys (1966) reported a positive correlation between leaf area 
index (LAI) and dry matter production in soybeans (Glycine max Merrill) 
and green panic (Panicum trichoglume Eyles), respectively. Leaf area 
index was reported more important in determining yield than the rate of 
photosynthesis per unit area by Asay and Nelson (1972), Humphreys
(1966), and Pearce, Brown and Blaser (1967).

Robison and Massengale (1969) reported LAI was positively re
lated to yield per cutting in Arizona. Leaf area index dropped during 
the midsummer when yield slumped. The decrease in dry matter production 
in midsummer is characteristic of alfalfa production in Arizona. .



The cause for this decrease in summer production was studied by 
Delaney, Dobrenz and Poole (1974). They reported that the LAI followed 
a seasonal pattern similar to forage yield. Although it was noted that 
the percentage decrease of LAI was less than forage yield decrease.

Work by Rhodes (1971) showed that the most productive genotypes 
of ryegrass (Lolium spp. L.) under two cutting frequencies were those 

with high LAI. Greub and Wedin (1971) emphasized the importance of 
residual LAI on cutting height of birdsfoot trefoil, to maximize yields 
and minimize diseases during regrowth. Fuess and Tesar (1968) found 
that LAI did not serve as an adequate predictor of seasonal production, 
but showed a positive relationship to yield for individual cuttings in 
frequently-cut alfalfa. They suggested increasing LAI and light inter
ception (LI) in the second or third cuttings would be an approach to 
increase yields of alfalfa. Fuess and Tesar (1968) suggest that the LAI 
of alfalfa is not a suitable index of net seasonal production because 
the lower leaves drop off after contributing to photosynthesis.

Pearce, Brown and Blaser (1965) measured a linear relationship 
between photosynthesis and LAI after cutting in orchardgrass (Dactylis 
glomerata L.). However, they concluded that the optimum LAI for orchard
grass extends from 3.5 to 8.0 since the growth rate was constant within 
this range. Berdahl, Rasmusson and Moss (1972) reported photosynthetic 
rates per unit leaf area of barley (Hordeum vulgare L.) were similar 
when plants, which displayed small and large flag leaves, were grown in 

a growth chamber. Consequently, total photosynthetic activity per leaf 
was about twice as great in the large flag leaves. However, in field
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comparisons no consistent differences in photosynthetic rates of small 

and large leaves were found.
Leaf area has also been associated with water use efficiency by 

Dobrenz, Cole and Massengale (1971). These authors reported that alfal
fa plants which produced the most stems and leaves, and had the highest 
total leaf area were also the most efficient in water use.

High LAI appears to be a desirable characteristic of alfalfa 
production since approximately one-half of the forage yield consists of 
leaves. Leaf area index may not be an adequate predictor of seasonal 
yield, but a plant which is able to express a high LAI immediately after 
cutting would have an advantage for rapid regrowth and potentially more 

yield.

Specific Leaf Weight 
Specific leaf weight (SLW = leaf dry weight per unit leaf area) 

has been positively and significantly correlated with net photosynthesis 
per unit leaf area in alfalfa by Pearce et al. (1969). They made 98 

observations of thirteen alfalfa clones representing a wide range in 

SLW. Photosynthetic rates increased from 20 to 50 mg CO  ̂d m h r   ̂and
—  9were associated with an SLW increase from 1.9 to 5.3 mg cm . This re

lationship occurred whether SLW was influenced by genetics or environ
ment. Variation for SLW accounted for 64% of the variation in 
photosynthetic rate. Their results suggest that it should be possible 
to increase the forage yield potential of an alfalfa population by 
selecting for high SLW.



Pearce and Lee (1969) studied the relationship among net photo
synthesis, SLW, and photosynthesis per unit leaf weight (Pw) in response 
to changes in light intensity. Net photosynthesis and SLW varied to a 
similar degree when light intensity was changed, while Pw remained con
stant. They proposed that the SLW of an alfalfa leaf will primarily 

determine the photosynthetic rate per unit area.
Recent investigation by Chatterton (1973) has shown a negative

- 2 - 1relationship between photosynthetic rate (mg CÔ  dm hr ), and SLW 
within a diurnal period. He suggested that this was due to a feedback 
inhibition system caused by photosynthate accumulation in the leaf. 
Notable differences did occur in the magnitude of the SLW and photosyn
thetic patterns among clones.

Barnes et al. (1969) reported significant variation in SLW both 
within and among alfalfa cult ivars. They determined that the relative 
SLW ranking was not influenced by age, although absolute values changed. 
There was no significant correlation between SLW and leaf area. Selec
tion for SLW was effective in separating phenotypes with high and low 
SLW.

Bula (1972) studied leaf anatomy of alfalfa grown at four tem

perature regimes. He found that the highest SLW coincided with the 
least efficient leaf anatomy, and suggests the most efficient leaf may 
have small palisade cells and large intercellular spaces. Murata (1961) 
studied the leaf anatomy of rice plants • and found that high leaf area/ 
leaf weight ratios were associated with low photosynthetic rates.

Delany and Dobrenz (1974) studied genotypes with a wide range of 
leaflet sizes to determine the relationship between leaflet morphology,



leaflet anatomy and CO  ̂exchange. They found that small leaves had the 
highest SLW, palisade tissue thickness and leaf thickness, and these 
characteristics were positively associated with photosynthesis expressed 
on a leaf-area basis. However, the small-leaved genotypes were not 
superior in total CO  ̂uptake per plant.

Alfalfa plants with a high SLW may provide a mechanism by which 
we can exploit the most efficient leaf anatomy. A leaf with a high SLW 
contains more chlorenchymous tissue; therefore, this type of leaf would 
have the potential for higher photosynthetic rates.

Stomate Density
Many researchers including Miskin and Rasmusson (1970), Cole and 

Dobrenz (1970) and Shearman and Beard (1972) have reported the distri
bution, density, and size of stomates in various species. They report 
variation within species for both size and density. The importance of 
stomate density and size on the physiological processes of a plant was 
emphasized. Stomatal frequency and size have been associated with 
photosynthetic rate and transpiration by many authors. An early study 
by Freeland (1948) indicated.that those plants which have stomates on 
both the adaxial and abaxial leaf surfaces may or may not show a posi
tive correlation between stomate density and photosynthetic rate. He 
showed a positive correlation between stomate frequency and apparent 
photosynthesis in tobacco (Nicotiana tobacum L.). Izhar and Wallace
(1967) found that of two bean (Phaseolus vulgaris L.) cultivars, the one 
with the fewest stomata had the highest photosynthetic rate.



Miskin, Rasmusson and Moss (1972) report that in barley a 25% 
decrease in frequency of stomata reduced transpiration rates by 24%.
Four populations with low and four populations with high stomatal fre

quency were developed to study heritability estimates and the relation
ship between stomatal frequency, photosynthesis and transpiration. 
Stomatal frequency and photosynthesis were independent in both popula
tions. These authors stated that heritability estimates were suffi
ciently high to encourage selection for stomatal frequency of individual 
plants in early generations, since stomatal frequency had a pronounced 
influence on rate of transpiration.

Hesketh (1963) studied nine different plant species and reported 
no relationship between photosynthesis and the number x size of stomata 

and the arrangement of stomata. El-Sharkaway and Hesketh (1965) re

ported that transpiration decreased as stomatal number and size de
creased. Miskin and Rasmus son (1970) reported a highly significant 
negative correlation between size and frequency of stomata among twenty 
cultivars of barley. The size of stomata had a direct relationship with 
stomatal diffusion resistance.

Water-use efficiency has been nonsignificantly associated with 
stomate density of Blue Panicgrass (Panicum antidotale Retz.) byDobrenz, 
Wright et al. (1969). Of six clones studied the most drought tolerant 

had fewer stomates per unit leaf area than drought susceptible clones. 

Akita and Moss (1972) suggest because stomata of species are more 
responsive to environmental changes than stomata of species, spe
cies have a greater water-use efficiency (unit H^O/unit dry matter 
produced).
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Cole and Dobrenz (1970) noted differences in stomate density 

between winter-hardy and non-winter-hardy types of alfalfa and reported 
that the alfalfa cultivars used in their investigations always had 
higher stomatal frequency on the adaxial surface of the leaflets.

Selection of parent clones for low stomate density may decrease 
transpiration. Numerous investigations have produced conflicting re
ports concerning the relationship between stomate density and physiolog
ical characteristics. Stomate density is undoubtedly only one of the 
factors that should be considered in architecture of an efficient leaf. 
If high stomate density is an objective, sufficient palisade and spongy 
mesophyll must also be available for efficient use of CÔ .

Multifoliolate Leaves
Alfalfa genotypes which display the multifoliolate characteris

tic have been investigated by cytogeneticists and plant breeders. The 
search for new material for cytological study and from which improved 
cultivars can be developed is perpetual.

Multifoliolate leaves have been reported in diploid alfalfa by 
Bingham (1964, 1968) and Barnes and Hanson (1967), in tetraploid alfalfa 
by Bingham (1964, 1965, 1966), and Ferguson and Murphy (1973), and in 
hexaploid alfalfa by Bingham and Binek (1969).

The multifoliolate leaf characteristic has also been reported in 
other species. Knight (1969), Gengenbach, Haskins and Gorz (1969),

Stark (1926) and Fehr (1972) reported the characteristic in crimson 
clover (Trifolium incamatum L.), sweet clover (Melilotus alba Desr.), 
red clover (Trifolium pratense L.) and soybeans (Glycine max. L. Merr.),
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respectively. Fehr (1972) reported that the leaflet number of a multi- 
foliolate soybean plant varied from three to fifteen. He concluded that 
the multifoliolate leaf character was controlled by a single major gene 
which was completely dominant in one multifoliolate strain while in 
another multifoliolate strain this characteristic was partially dominant 
when crossed with normal trifoliolate soybeans. A spontaneous mutation 
was suggested as the origin of the multifoliolate character. Knight
(1969) and Gengenbach, Haskins and Gorz (1969) also concluded that the 
multifoliolate character was controlled by a single gene in diploid 
crimson clover and diploid sweet clover, respectively.

The earliest study of the multifoliolate characteristic in 
alfalfa was made by Bauder at the University of Nebraska in 1938, as 
reported by Bingham (1964). Bauder reported on what he called an "odd- 
leaf" character which had four, five, six or seven leaflets per leaf 
instead of the normal three. Only two of the odd-leaf plants described 
by Bauder were suitable for genetic study because the other seven geno
types displayed low seed set or their selfed progeny showed a low per
centage of odd-leaf plants. He proposed a disomic mode of inheritance 
for each of two independent, dominant factors, one an inhibitor and 
epistatic to the other. This proposition was based on an F2  segregation 
of 1,542 normal:344 odd-leaf plants. He did not indicate whether he 
worked with diploid or tetraploid alfalfa. Bauder also compared leaf 
percentage of 31 odd-leaf plants to 50 trifoliolate check plants. The 
leaf percentage was essentially the same for the odd-leaf plants and the 
trifoliolate check plants. He also reported that 14 plants which had 

more than 50% odd-leaves had essentially the same dry-weight leaf
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percentage as 17 plants which had less than 50% odd-leaves. Since he 
recognized the importance of leaves for a nutritious herbage, Bauder 
pointed out that selection on the basis of leaf percentage might produce 
a more leafy, odd-leaf alfalfa.

Bingham (1964) reported that a Russian researcher named Mokeyeva 
had observed multifoliolate leaves with 4, 5, 7 and even 9 leaflets per 
leaf. Bingham (1964) reported that attempts to breed a form of multi
foliolate alfalfa were made by Mokeyeva at the Russian Central Breeding 
Station but failed to give the desired results. Although, he contended 
that anatomical data indicated the possibility of developing a multi
foliolate alfalfa.

Mokeyeva also pointed out the high nutritive value of the leaf. 
Data on the chemical composition of the leaves and stems indicated a 
47.6% dry weight yield of leaves, of which 27.4% was composed of nitrog
enous substances. These data agree with results obtained by other re
searchers including Kiesselbach and Anderson (1931),.Kittle, Miller and 
Jacobs (1958) and Dobrenz, Schonhorst and Thompson (1969).

Mokeyeva (Bingham, 1964) also reported that when day length was 
shortened, the size of the alfalfa leaf blade increased. Short-day 
length also caused multifoliolate leaves among trifoliolate genotypes.
He considered short-day length to be an important factor in the expres
sion of multifoliolate leaves.

Bingham (1964) made an extensive study of the multifoliolate 
characteristic in alfalfa. He suggested that increased leaf and leaflet 
size, and subsequent leafiness during fall growth conditions may account 
for observations that a higher frequency of multifoliolate leaves occur
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in the fall. He placed normal trifoliolate and a multifoliolate type 
alfalfa in two growth chambers. One growth chamber simulated summer 
conditions (16 hour photoperiod, 21°C), the other simulated fall condi
tions (10 hour photoperiod, i6°C). After 6 weeks of daily observation, 
the plants in the chamber simulating fall conditions "looked" more 
leafy; however, quantitative measurements showed that the leafy appear
ance was not due to an increase in multifoliolate leaves.

Bingham (1964) also inoculated normal trifoliate plants with sap 
from multifoliolate plants to ascertain whether the production of multi
foliolate leaves was controlled by transmissible factors present in 
plant sap. No multifoliolate leaves were produced by this method which 
suggested that plant sap was not capable of inducing multifoliolate 
leaves.i . ■

Bingham (1964) concluded that nuclear genes controlled the pro
duction of multifoliolate leaves when a cross between a trifoliolate 
type from ’Narragansett' used as the maternal and two multifoliolate 
types used as the paternal, produced progeny with multifoliolate leaves. 
The progeny of one cross produced 14 plants out of 104 which had multi
foliolate leaves, while the other cross produced 9 plants out of 104 
with multifoliolate leaves.

He proposed that genes at three independent loci controlled the • 
production of multifoliolate leaves in diploid alfalfa. A recessive 
gene (mf) in the homozygous condition was necessary to produce multi
foliolate leaVes while two additive genes at other loci expressed dif

ferential penetrance of the multifoliolate condition. Inheritance at 
the tetraploid level was not determined.
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Bingham and Murphy (1965) studied an experimental population of 

multifoliolate alfalfa and determined that multifoliolate leaves were 
not associated with an increase in average dry-weight leaf percentage, 
but were associated with increased intemode length, plant height and 
shoot weight. They suggested multifoliolate alfalfa may increase forage 
yield. Ferguson and Murphy (1973) compared 21 multifoliolate entries 
with 4 trifoliolate.entries for morphological and growth characters.
The multifoliolate entries showed a higher dry-weight leaf percentage 
than the trifoliolate entries, but produced less total dry matter.
Plant weight and percentage leafiness was negatively correlated. They 
point out the reduced vigor of some multifoliolate entries could be the 
result of mild inbreeding which occurred during development.

The theory that multifoliolate leaves are a result of atavisms 
has been suggested by Bingham (1964). This theory was not accepted nor 
rejected as a result of his study. Bingham stated that the probability 
of finding several plants in a random mating population with a trait 
controlled by more than one spontaneous mutation is exceedingly low.
If the interpretation is correct that the leguminosae leaf evolution 
went from a pinnate leaf to a trifoliolate leaf as proposed by Fames 
(1961) and Comer (1954), then multifoliolate leaves may be atavisms.
The evidence for atavism is enhanced by observations of multifoliolate 
leaves in widely separated parts of the world and observations by this 
author of random plants having multifoliolate leaves in a normal tri
foliolate population.

Other leaf abnormalities occurring in alfalfa include a golden 
tip trait reported by Elgin (1972), a folded leaf character and a
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mottled leaf reported by Stanford and Cleveland (1954). An illustrated 
summary of genetic traits in alfalfa has been prepared by Barnes and 
Hanson (1967).

The complexity of inheritance in alfalfa is due in part to the 
autotetraploid nature of meiosis. A diploid gamete is produced during 
micro- and megasporogenesis which affects its breeding behavior. A com
plete and comprehensive review of genetics and breeding procedures has 
been presented by Busbice, Hill and Carnahan (1972).

The multifoliolate characteristic has been associated with an 
increase in dry-weight leaf percentage. Several researchers have been 
involved with the isolation, heritability and development of a wide 
range of germplasm which exhibits the multifoliolate characteristic.



MATERIALS AND METHODS

A multifoliolate plant was discovered by Dr. A. K. Dobrenz
(Professor of Agronomy, The University of Arizona) in a field plot of
1Ladak 65' alfalfa. The four multifoliolate genotypes used in this
study were Selected from the progeny of a cross between 'Mesa-Sirsa'
(used as the paternal parent) and this Ladak 65 plant which expressed
the multifoliolate leaf characteristic. These four genotypes were
selected because they expressed a high degree of fertility combined with
good expression of the multifoliolate leaf characteristic during the
entire growing season.

The Mesa-Sirsa clone was selected from 11 clones studied by
Wilhelm (1973). This clone was chosen because it produced significantly
more total dry matter during the growing season and had the highest

- 1 - 1apparent photosynthetic rate expressed as mg CO2  plant hr .
Stem cuttings were made in September 1973. The alfalfa cuttings 

were transplanted into pots when a sufficient amount of adventitious 
roots had dveloped. Ten propagules of each genotype were maintained in 
the greenhouse for hand pollination. The remainder of the cuttings were 
used to establish four crossing blocks at the Tucson Plant Material 
Center (Fig. 1). Each crossing block was comprised of a multifoliolate 

genotype and the Mesa-Sirsa clone.
■

Controlled hand pollinated crosses of each multifoliolate geno
type and Mesa-Sirsa were made in the greenhouse during the winter of
1973-74. The light period was extended with a fluorescent light to

'
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maintain a 16 hour photoperiod which was necessary for abundant flower
ing. The Mesa-Sirsa clone was used as both the maternal and paternal 
lines which provided eight progeny types (Table 1). Pollen was col
lected and transferred using a folded index card. Emasculation was not 
attempted since Miller (1970) obtained 92% crossing frequency using this 
method.

The four crossing blocks, as shown in Fig. 1, were enclosed 
using bee cages prior to plant flowering. This prevented uncontrolled 
pollination by insects before introduction of the bees. A small colony 
of bees was introduced into each cage in early June, and kept in the 

cage for 1 month.
The seed produced within each crossing block was harvested by 

cutting the plants of each multifoliolate and Mesa-Sirsa genotype. They 
were then threshed separately. Thus, eight progeny types were produced, 
identical to those obtained in the controlled hand pollinated crosses.

Fifty seed of each progeny type obtained from the controlled 
hand pollinated crosses were planted in 1-liter plastic pots and grown 
in the greenhouse. The plants were allowed to grow for 3 months, har
vested and leaf data taken at the first-flower stage of regrowth.

Two stems were selected from each plant and used to evaluate 
length of stem, number of nodes, frequency of multifoliolate leaves and 
specific leaf weight. Due to low germination percentage and death of 
some plants after emergence, there were only 30 plants of each progeny 
type, except type 3 x MS. c

One hundred and fifty seed of each progeny type obtained from 
the bee-pollinated plots were planted in one liter plastic pots in
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Table 1. Crossing scheme for production of eight progeny types.

Maternal
Parent

Paternal Parent
Clone 1 Clone 2 Clone 3 Clone 4 ' Mesa-Sirsa

Mesa-Sirsa MS x 1 MS x 2 MS x 3 MS x 4
Clone 1 1 x MS
Clone 2 2 x MS
Clone 3 3 x MS
Clone 4 4 x MS

r
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August 1974. The first harvest was made at first flower and discarded. 
The regrowth was used to determine expression of the multifoliolate leaf 
condition. Two stems were again selected from each plant and leaflet 
number counted on all primary leaves.

Three of eight progeny types were selfed by tripping the flowers 
with a folded index card. The seed produced was planted in 1-liter pots 
and grown in the greenhouse. Leaflet numbers were counted on two stems 
of the first growth.

Leaflet epidermal impressions were made of the five parent 
clones growing in the field. The adaxial and abaxial leaflet surfaces 
were sampled from the lower, middle and upper primary leaves. The most 
basal leaflets were used to make the impression. A thin layer of cellu
lose acetate was spread on the leaflet, allowed to dry for 7 minutes, 
and this impression was used to count the number.of stomates. Five ran
dom counts were made from each cellulose acetate impression for a total 
of 60 impressions. Each count was made at 450X magnification. The five 
parent clones were sampled on two dates.

Specific leaf weight was determined on all multifoliolate parent 
clones and the Mesa-Sirsa clone. Only those leaves which had more than 
three leaflets per leaf were used to determine the SLW of the multi
foliolate clones. The leaves were randomly selected on two harvest .

2dates to determine the SLW. Leaf area (cm ) was determined with a photo
metric Hayashi Denko automatic area machine. The leaflets were dried at
50°C for 96 hours and SLW was calculated by dividing leaflet weight by

2leaflet area and expressed as mg per cm .
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Specific leaf weight was also compared among the progeny of the 

hand-pollination study. All primary leaves of two stems were used to 
determine leaf area and dried at 50°C for 96 hours.

Thirty stems were selected from'the multifoliolate parent clones 
and the Mesa-Sirsa clone to determine leaflet to stem-petiole ratio. The 
The leaflets were separated from the remaining parts and dried at 50°C 
for 96 hours. The leaflet dry weight was divided by the dry weight of 
the stems plus the remaining leaf parts to obtain leaflet to stem- 
petiole ratio.

Chromosome Counts were based on root-tip squash preparation.
Root-tips were pretreated for 5 hours in a saturated solution of 8- 
Hydroxyquinaline, killed and fixed in Camoy's solution (3:1:1). They 
were hydrolyzed in a 1:1 solution of concentrated HCl-95% ETOH for 1 
minute, after which they were placed in a 70% ETOH solution for 3 to 5 
minutes and squashed in aceto-carmine.

Data were analyzed in cooperation with Dr. R. 0. Kuehl, the 
Agriculture Experiment Station statistician and personnel at the Uni
versity of Arizona Computer Center. Mean separation was made according 
to appropriate statistical procedure outlined by Steel and Torrie 
(1960).



RESULTS AND DISCUSSION

■F]_ Population Data 
Controlled hand-pollination and bee pollination techniques were 

used to reciprocally cross each of four multifoliolate clones with a 
trifoliolate Mesa-Sirsa clone. The generation of the controlled hand 
pollination study exhibited the multifoliolate condition in 39% of the 
plants on the first regrowth (Table 2). These plants were grown for 90 
days, but this may not have been a long enough interval for an accurate 
estimate of penetrance for the multifoliolate condition. Bingham and 
Murphy (1965) reported, that 18% of their intercrossed multifoliolate 
progeny lacked penetrance for the multifoliolate condition in the 1 st 
year of growth. Thus, it can be assumed that some plants may not exhi
bit the multifoliolate condition in early stages of growth. Leaves 
which exhibit the multifoliolate characteristic are shown in Fig. 2.

The F̂  generation of the bee-pollination study expressed the 
multifoliolate trait in 29% of the plants (Table 3). The 10% decrease 
in multifoliolate plants of the bee-pollinated progeny may have resulted 

from an increase in self pollination due to uncontrollable bee activity. 
When multifoliolate clones 1, 2, 3, and 4 were used as the maternal 
parent, the number of multifoliolate plants in the progeny increased by 
20, 31, 7, and 42%, respectively, than when these clones were used as 
the paternal parent. The greater number of multifoliolate plants in the 
maternal progeny of multifoliolate clones also suggest an increase in 
self pollination, because self-pollinated multifoliolate clones would

22
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Table 2. Number of trifoliolate and multifoliolate plants and percent

age of multifoliolate plants in the Fj generation of the con
trolled, hand-pollination study.

Cross Multifoliolate Trifoliolate
Percent 

Multifoliolate

MS x 1 8 2 2 27
1 x MS 19 1 1 63

MS x 2 9 ' 2 1 30
2 x MS 1 2 18 40

MS x 3 1 4 2 0

3 x MS 7 23 23

MS x 4 1 0 2 0 33
4 x MS 18 1 2 60

Mean 1 1 16 39



Fig. 2. Multifoliolate leaves exhibiting four, five, six and seven leaflets



25
Table 3. Number of trifoliolate and multifoliolate plants and percent

age of multifoliolate plants in the Fj generation of the bee-
pollination study.

Cross Multifoliolate Trifoliolate
Percent

Multifoliolate

MS x 1 28 40 41
1 x MS 28 18 61

MS x 2 . 14 69 17
2 x MS 27 29 48

MS x 3 0 50 0

3 x MS 5 71 . 7

MS x 4 5 44 1 0

4 x MS 33 30 52

Mean 18 44 29
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have a higher dosage of genes for expression of the multifoliolate 
condition.

The most striking example of low gene dosage for the multifo
liolate characteristic in a parent clone was demonstrated by the absence 
of multifoliolate plants in the bee-pollinated progeny when clone 3 was 
used as the paternal parent, and only 7% of the progeny were multifolio
late when clone 3 was used as the maternal parent (Table 3). The progeny 
of the controlled hand-pollination study contained 20% and 23% multifo
liolate plants when clone 3 was used as the paternal and maternal 
parents, respectively. In contrast, clone 1 had 27% and 63% multifolio
late plants in the generation of the hand-pollinated progeny and 37% 
and 63% multifoliolate plants in the generation of the bee-pollinated 
progeny when used as the paternal and maternal parents, respectively. 
Clone 4 had results similar to clone 1 while clone 2 was intermediate 
in multifoliolate progeny. Thus, it seems logical to assume that clone 
4 and clone 1  contain a higher dosage of genes for expression of the 
multifoliolate characteristic than clone 3. The close agreement in 
progeny results of the two pollination techniques and the wide variation 
among clonal progeny support the suggestion that the multifoliolate 
characteristic is controlled by two or more loci in tetraploid alfalfa 
as postulated by Bingham (1964). Since this characteristic was observed 
in 33% of the total F̂  population (Table.4) and appears to be quantita
tively inherited a recurrent selection program should increase the 
stability of penetrance and expression of multifoliolate leaves. Fergu
son and Murphy (1973) report using a recurrent selection program to 
develop 2 1  multifoliolate entries for yield test.



Table 4. Number of trifoliolate and multifoliolate plants and percent
age of multifoliolate plants in the total Fp generation of
hand- and bee-pollination studies.

Cross Multifoliolate Trifoliolate
Percent

Multifoliolate

MS x 1 36 62 : ,7
1 x MS 47 29 62

MS x 2 23 90 2 0

2 x MS 39 47 45

MS x 3 1 54 2

3 x MS 1 2 94 1 1

MS x 4 15 64 19
4 x MS 51 42 55

Mean 29 60 33
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Selfed Progeny

Three separate plants were selected to study the genera
tion (Table 5). Two of the three plants selected were derived from the 
crosses MS x 1 and MS x 4 (Table 1 ). Since these plants had multifolio- 
late leaves and were derived from a trifoliolate maternal parent it 
could be assumed that they were the result of a cross between the Mesa- 
Sirsa clone and the multifoliolate clones. The Ŝ  generation of the 
plant obtained from cross MS x 1 contained 29% multifoliolate plants and 
the plant selected from cross MS x 4 contained 76% multifoliolate 
plants. The high percentage of multifoliolate plants in the Ŝ  of the 
plants selected from the cross MS x 4 suggest a high dosage of genes for 
the multifoliolate condition present in this particular plant. The 
76% multifoliolate progeny in the Ŝ  generation also indicated that 
clone 4 was able to transmit a high dosage of genes for the multifolio
late characteristic from the pollen parent.

The third parent selected to study the Ŝ  generation was used to 
determine if the multifoliolate condition could be masked in the F̂  gen
eration. A plant was selected from the progeny of the cross 3 x MS 
which had only trifoliolate leaves and was derived from multifoliolate 
clone 3 used as the maternal parent. The Ŝ  generation from this plant 
contained 15% multifoliolate plants, which indicated that the multi
foliolate condition was masked in the F̂  generation or that this plant 
lacked penetrance for expression of the multifoliolate condition in the 
early growth stages. However, the lack of penetrance is a less plausi
ble explanation since no multifoliolate leaves were observed on this 
plant after 8  months of growth.
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Table 5. Number of trifoliolate (TF) and multifoliolate (MF) plants and

percentage of multifoliolate (% MF) plants in the genera
tion of selected F̂  plants.

Fp Plant Leaf Type TF MF % MI

MS x 1 MF 27 11 29

MS x 4 MF 12 37 76

3 x MS TF 11 2 15
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Stornate Density

Mean stcmate density taken from two harvests of the parent 
2 2clones varied from 187/mm to 227/mm while the Mesa-Sirsa clone had a

2mean stcmate density of 193/mm (Table 6 ). These preliminary results 
did not show a wide range in stomate density among parent clones, there
fore, this characteristic was not evaluated in the population.

Three leaf positions including the last fully expanded primary 
leaf at the terminal position, a middle primary leaf and the lowest 
primary leaf were used to sample positions termed top, middle and lower,
respectively. The mean stomate density of leaf positions averaged 232,

2193, and 172/mm for the top, middle and lower positions, respectively. 
This relationship between leaf position and stomate density was also re
ported by Cole and Dobrenz (1970). These researchers also report varia
tion among and within cultivars for stomate length which could influence 
the stomatal diffusion resistance.

A photomicrograph of stomate distribution bn the abaxial and
adaxial surfaces of alfalfa is shown in Fig. 3. The adaxial surfaces of

2the parent clones varied from 27 to 62 more stomates per mm than the 
abaxial surfaces (Table 7). These results agree with the results re
ported by Cole and Dobrenz (1970).

-7Specific Leaf Weight (SLW = mg cm )

The multifoliolate parent clones grown under spaced field condi
tions had consistently higher SLW than the parent Mesa-Sirsa clone 
(Table 8 ). On each of three concurrent harvest dates multifoliolate 
clone 4 had a SLW of 5.75, 4.84 and 5.94, while the Mesa-Sirsa clone had
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2Table 6 . Mean values for stornate density (ram ), including both leaflet 

surfaces of three leaf positions of the five parent clones.

Clone
Leaf Position

MeanTop Middle Lower

1 235 173 157. 189

2 246 229 206 227

3 259 186 154 199

4 226 185 151 187

Mesa-Sirsa 194 195 191 193

Mean 232 193 172 199



Fig. 3. Photomicrographs of alfalfa leaf (4SOX) showing (A) the 
abaxial surface and (B) the adaxial surface.
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2Table 7. Mean values for stornate density (mm ) of the adaxial and 

abaxial leaflet surfaces of the five parent clones.

Surface
Clone

Mean1 2 3 4 Mesa-Sirsa

Adaxial 2 0 2 256 , 215 2 1 2 224 2 2 2

Abaxial 175 197 184 162 162 176

Mean 189 227 199 187 193 199
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Table 8 . Specific leaf weight (SLW = mg cm ) of the five parent clones 
at three harvest dates.

Harvest Date
Clone 8/27 9/19 11/7 Mean

1 4.31 4.51 5.40 • 4.69

2 4.89 4.65 4,92 4.78

3 3.91 4.09 4.37 4.08

4 5.75 4.84 5.94 5.35

Mesa-Sirsa 4.55 3.92 4.78 4.42

Mean 4.69 4.45 5.11 4.71
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a SLIV of 4.55, 3.92 and 4.78 on the same harvest dates. Multifoliolate 
clone 2 ranked second overall and on two harvest dates. The average of 
three harvests, indicated three of four multifoliolate clones had SLW's 
which were 0.93, 0.36 and 0.27 mg cm  ̂higher than Mesa Sirsa. The 
higher SLW on the last harvest date agrees with results reported by 
Delaney efal. (1974). The overall mean of three harvest dates was 
4.71, which was 0.29 higher than the mean for the Mesa-Sirsa clone.

Average SLW of the trifoliolate, multifoliolate and combined 
total of plants in the generation of the hand-pollinated progeny is 
shown in Table 9. Specific leaf weight varied from 1.92 to 2.76 and was 
significantly different among the progenies in the generation grown 
in the greenhouse. The reciprocal of each cross had a significantly 
different SLW.

The multifoliolate section of cross 2 x MS had a SLW of 2.91, 
which was the highest average SLW of the multifoliolate and trifoliolate 
plants in this study. The SLW of the multifoliolate plants in the cross 
MS x 2 was significantly higher than the trifoliolate plants in the same 
cross. The other progenies did not exhibit significant differences in 
SLW between the multifoliolate and trifoliolate individuals; however, 
average SLW of the multifoliolate plants was higher in five of the seven 
progenies studied. These studies were conducted in the greenhouse, al
though a study of SLW under non-spaced field conditions would be a 
better indication of correlation between the multifoliolate characteris
tic and SLW.
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_?Table 9. Average specific leaf weight (SLW = mg cm ) of the trifolio- 

late (TF), mulfifoliolate (MF) and total plants in the F, 
generation of the controlled hand-pollination study.

Cross Leaf Type SLW Total Progeny SLW

MS x 1 MF
TF

2.70
2.79 2.76 ab+

1 x MS MF
TF

2.37
2.24 2.32 c

MS x 2 MF
TF

2 . 1 0

1.85* 1.92 d

2 x MS MF
TF

2.91
2.84 2 . 8 6 a

3 x MS MF
TF

2.63
2.61 2.62 b

MS x 4 MF
TF - '

2 . 2 1

1.89 1.99 d

4 x MS MF
TF

2.43
2.76 2.56 b

+Means in the same column followed by the same letter are not signifi
cantly different at the 5% level according to Student-Newman-Kuel’s 
multiple range test.
*Significance at the 5% level.
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Leaflet:Stem-petiole Ratio 

The mean leaflet:stem-petiole ratio of the Mesa-Sirsa parent 
clone was 0.72:1, compared to 0.83:1 for the overall mean of the five 
parent clones grown under spaced field conditions. (Table 10). The Mesa- 
Sirsa clone had the second lowest average leaflet:stem-petiole ratio.
The multifoliolate clones looked leafier than the Mesa-Sirsa clone, but 
only clone 4 was more vigorous in growth.

The high average ratio of 1.67:1 on the last harvest date is the 
result of shortened internodes due to cool fall environmental condi
tions. Clone 1 and 3 had a leaflet:stem-petiole ratio over 2:1 on the 

last harvest date as a result of very short intemodes and exhibiting 
winter dormancy more than the other clones. An increase in leaflet: 
stem-periole ratio during the latter portion of the growing season has 
also been reported by Delaney et al. (1974).

Average leaflet percentage of the parent clones used in this 
study ranged from 41.2 to 51.4% (Table 11). The leaflet percentage of 
seven cultivars studied by Dobrenz et al. (1971) ranged from 39.4 to 
43.8%. Clone 4 had 11.7, 9.5 and 10.6% greater average percentage leaf
lets than the Mesa-Sirsa clone on three concurrent harvest dates. The 
only clone having a lower average percentage leaves than Mesa-Sirsa was 
clone 3 which had 41.2% leaflets compared to 41.7% leaflets for Mesa- 
Sirsa. Multifoliolate clones 1, 2 and 4 had 2.6, 7.2 and 9.7% greater 
average percentage leaflets than the Mesa-Sirsa clone, respectively, A 
good indication of the nutritional productivity is the product of leaf 
percentage x total dry matter production. This preliminary investiga
tion seems to indicate that clones with the multifoliolate
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Table 10. Leaflet to stem-petiole ratios (mg leaflet dry wt/mg stem + 

petiole dry wt) of the five parent clones at three harvest 
dates.

Clone
Harvest Date

Mean8/27 . 9/19 11/7

1 0.72:1 0.78:1 2.27:1 0.80:1

2 0.73:1 1.15:1 1.48:1 0.96:1

3 0.58:1 0.94:1 2.17:1 0.70:1

4 0.80:1 1 .2 0 : 1 1.61:1 1.06:1

Mesa-Sirsa 0.49:1 0.82:1 1.55:1 0.72:1

Mean 0.63:1 0.94:1 1.67:1 0.83:1
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Table 11. Leaflet percentage (mg leaflet dry wt/mg.stem + petiole dry 

wt x 1 0 0 ) at three harvest dates of the five parent clones 
grown in the field.

Clone 8/27
Harvest Date 

9/19 11/7 Mean

1 40.3 43.6 69.5 44.3

2 41.9 . 53.3 59.5 48.9

3 36.4 48.3 68.4 41.2

- 4 44.3 54.3 61.6 51.4

Mesa-Sirsa 32.6 44.8 61.0 41.7

Mean 38.6 48.5 .... 62.5 45.3
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characteristic could have an advantage for increased leaflet percentage 
of total dry matter.

Intemode Length 
The average intemode length varied significantly among the 

progenies of the controlled hand-pollinated crosses and between leaf 
types within a progeny (Table 12). Intemode length ranged from 3.05 to 
3.80 cm among progenies. No consistent differences were observed be
tween leaf types for intemode length. The multifoliolate plants in the 
progeny of cross MS x 1 had intemodes an average of 0.45 cm longer than 
the trifoliolate plant in this progeny, but in the progeny of cross MS x 
2, the trifoliolate plants had intemodes an average 0.35 cm longer.

These results suggest that the multifoliolate condition was not 
related to an increase in intemode length. This observation disagrees 
with Bingham and Murphy (1965) who reported that the multifoliolate con
dition was associated with an increase in internode length. There were 
no obvious differences in plant height or intemode length of the clones 
used in this study when grown under field conditions.

Chromosome Number 
The four multifoliolate clones used in this study had the normal 

tetraploid complement of 32 chromosomes. Chromosome number was deter
mined from root tip cells at the metaphase stage of mitosis. The photo
micrograph of clones 1  and 3 (Fig. 4) illustrates the tetraploid : 
chromosome number.

Bingham (1964) reported the multifoliolate characteristic in 
diploid and tetraploid alfalfa and demonstrated the trait was
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Table 12. Average internode length (an) of the trifoliolate (TF),

multifoliolate (MF) and total plants in the F̂  generation of 
the controlled hand-pollination study.

Cross Leaf Type Length (cm) Total Length (cm)

MS x 1 MF
TF

3.84 
3.39* 3.51 ab+

1 x MS MF 3.91 3.77TF 3.52 a

MS x 2 MF
TF.

3.01
3.36* 3.25 be

2 x MS MF 2.95
TF 3.12 3.05 c

3 x MS MF 3.28 3.07TF 3.06 c

MS x 4 MF
TF

3.64
3.36 3.45 b

4 x MS MF 3.75 3.80TF 3.89 a

+Means in the same column followed by the same letter are not signifi
cantly differently at the 5% level according to Student-Newman-Keul1 s 
multiple range test.
Significant at the 5% level.
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B
Fig. 4. Photomicrographs of alfalfa chromosomes showing the normal com

plement of 32 chromosomes.
(A) Clone 1 and (B) clone 3.
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transmitted by nuclear inheritance. Since all clones were tetraploid, 
the multifoliolate characteristic could not be the result of a chromo
some deficiency or a ploidy level different from normal diploid or 
tetraploid alfalfa. No problems were encountered which would limit the 
development of a tetraploid multifoliolate cultivar. The multifoliolate 
characteristic appears to have an advantage for increased leaf percent
age of dry matter; therefore, the development of a multifoliolate culti
var could improve the quality of alfalfa forage and provide germplasm 
for a breeding program which would combine this characteristic with a 
number of desirable traits.



SUMMARY

Controlled hand-pollination and bee pollination techniques were 
used to reciprocally cross each of four multifoliplate clones with a 
trifoliolate Mesa-Sirsa clone, to determine if the multifoliolate condi
tion could be transmitted and expressed in the generation. The four 
multifoliolate alfalfa clones used in this study were selected from the 
progeny of a cross between Mesa-Sirsa, used as the pollen parent and a 
Ladak 65 plant which expressed the multifoliolate characteristic. The 

generation of the hand-pollinated and bee-pollinated clones were 
studied. The selfed population of three selected F̂  plants were also 
studied. Specific leaf weight and intemode length were measured in the 
F̂  generation of the hand pollinated population. Preliminary morpholog
ical and cytogenetical investigations of the parent clones were con
ducted.

The progeny from hand-pollination expressed the multifoliolate 
condition in 3 9 % of the F̂  generation, and the progeny from bee- 
pollination expressed the multifoliolate condition in 29% of the F̂  
generation. The 10% decrease in the number of plants which had multi
foliolate leaves in the bee-pollinated progeny may have resulted from 

an increase in self pollination due to non-random bee activity. The 
total F̂  generation contained 33% multifoliolate plants.

Differences existed among the multifoliolate clones for pene
trance of the multifoliolate characteristic. Clone 3 had 8 % of its 
total progeny which displayed multifoliolate leaves, while clone 1  had

44
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47% with multifoliolate leaves. The multifoliolate trait appears to be 
quantitatively inherited, thus a recurrent selection program should in
crease the expression of the multifoliolate characteristic.

The population of the plant which was derived from cross 
MS x 4 in which the Mesa-Sirsa clone was used as the maternal parent, 
contained 76% multifoliolate plants. An plant that had only trifoli- 
olate leaves which was derived from multifoliolate clone 3 used as the 
maternal parent, had 15% multifoliolate plants in the generation.
The apparent lack of multifoliolate expression in this F̂  plant indi
cated that the multifoliolate condition was masked in the F̂  generation 
or this plant lacked penetrance for this trait in the early growth 
stages.

Specific leaf weight was significantly different among the F̂  
population of the controlled hand-pollinated crosses which were grown in 
the greenhouse. However, average SLW of the multifoliolate plants in 
the progenies was significantly higher in only one cross. The other 
progenies did not exhibit significant differences, but the multifolio
late plants had a higher average SLW than.the trifoliolate plants in 
five of seven progenies. Three of the multifoliolate parent clones ex
pressed a higher SLW than the Mesa-Sirsa clone when grown under field 
conditions.

The average intemode length varied significantly among crosses 
and between leaf types within the progeny of a cross. However, no con
sistent differences were observed between leaf types. The multifolio
late condition does not appear related to an increase in intemode 
length.
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Three of the four multifoliolate parent clones displayed higher 

leaflet:stem-petiole ratios than the Mesa-Sirsa clone. The Mesa-Sirsa 
clone contained 41.7% leaflets, while the mean leaflet percentage ranged 
from 41.2% to 51.4% for the five parent clones. Clones with the multi
foliolate characteristic could have an advantage for increased leaf per
centage of total dry matter produced. St ornate density was not studied 
in the progeny of the generation due to uniformity in the stomate 
density of the parent clones.

The four multifoliolate clones used in this study had the normal 
tetraploid complement of 32 chromosomes. No problems were encountered 
in the breeding behavior of these clones which would limit the develop
ment of a tetraploid multifoliolate cultivar. A multifoliolate cultivar 
could have an advantage for increased leaf percentage of dry matter im
proves the quality of alfalfa forage.
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