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ABSTRACT 7

In the hope of finding ﬁéie-sferile alfalfa straing for
use ih the production of hybrid alfalfa, a microscopic study
of the pollen produced by approximately 1000 lines of alfalfa
grown at the University of British Columbia was conducted,
This study revealed 4 lines that consistently showed an absence
of viable pollen under different environments, 2 of the male-
sterile lines produced no seed on selfing and 2 produced very
small quantities of seed. In plants grown from open-pollinated
seed of the 4 male-sterile lines, the F1 segregation for male-
gsterile to male-fertile were as followé: 1:7.9, 1:7.3, 1:6.,8,
and 1:8.3, for an incomplete count, These ratios suggest that
the male-sterility is controlled by cytoplesmie factors in
addition to recessive genes. However, thebmode of inheritance
will only be factorially interpreted by o and backcross data.
It appears that the sterility is caused by a breakdown in

meiosis, as the pollen sacs are full of an amorphous material
suggestive of arrested development of the pollen grains. .

The male-sterility should eventually prove of great economic
value in the production of hybrid alfalfa seed. HMale-sterility
has not previously been isolated in alfalfa, although it is
common in the plant kingdom, | |

Over the past 10 years the Witches' Broom virus disease of
aifalfa hag developed into serious proportions in the Interior
of B.C. - this was first pointed out by quadreat results obtained
in 1942-44, The disease is Bhown to be distributed fhroughout
the low rainfall areas of the province where it is widespread

although sporadic.
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The disease is shown to be the seme disease that occurs
in Waéhington and in Austraelia. Witches! Broom of Alfalfa
causes severe dwarfing of the affected plants and a decimation
of - 2lfalfa stands. Drastic shortening of internodes and
reduction in size of‘leaves is accompanied by proliferation of
crowns and nodes., Up to 3000 thin spindly shoots aré commonly
produced by a single diseased crown. Typically, leaves are
marginally chlorotic; inflorescences aie reduced to 3-4 florets
rer raceme; and, very little, if any, seed is produced, Crowns
and roots are symptomless untii late stages of the disease are
reached, when they show severe rotting. Affected plants gradually
die in a period of 3 months to 2 years, However, 2 plants
were shown to apparently recoﬁer from the disease when brought
into the U.B.C., greenhouse from the Nicola Valley.

A‘histplogical comparison of the healthy end diseased
plants showed gummosis'of the xylem vessels, a breakdown and
degeneration of the chloropasts of the affected leaves, and a
mechanical breakdown of the palisade layexr in the outer edge
of diseased leaves. OStorage of starch in the crowns of plants
was found to be depleted according to the stage of the disease,
with no storsge starch present in geverely diseased crowms.
However, sucrose was found to be present in stor age in diseased
crowvng but not in healthy crowns.

The disease was found to be easily transmitted by crown
grafts. Out of 142 attempted grafts, union of scion and stock
was achieved in 31 cases with positive transmission in 27 cases.
Seed transmission and inoculations by expressed crown Jjuice

have given negative results to date.
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Quadrats were plotted in 1950 in the interior of B.C,
to further study the disease, Twinning experiments were set
up to study natural resisteance 6f the menmbers of the genus
Medicago. Results from both of these studies will not be
ready for publication for at least 2 more years.

A nursery plot was established at U.B.C. and a replicate
plot at Kemloops, B.C. One year after planting the Kamloops
plot, several of the alfalfe plents were found producing
symptdms of the disease, and to be badly diseased in 15
months time., None of the plants at U,B.C. showed any signs
of the disease, A

From a potted plant yield trial conducted at U.,B.C. the
diseased plants were shown to-have a statistically significant

reduction in yields as compared to healthy pleants.
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A - THE SEIECTION OF MALE-STERILE LINES IN ALFALFA.
B - THE WITCHES' BROQM VIRUS DISEASE OF ALFALFA IN
BRITISH COLUMBIA, |

INTRODUCTION

An alfalfa breeding prograﬁ has been carried on at the
University of British Colwabia since 1918 and has constituted
a major activity of the Department of Agronomy. Work had pro-
gressed to such a point that in 1949 a new varietly of alfalfa

designated as Rhizoma (lMedicago falcata x M. sativa) was

registered in Canada, ‘

An alfalfa breeding program should be continuing. Although
rated by Morrison (64) as the "ideal" hagy crop, an alfalfa
sultable for all agronomic purposes has yet to be developed.
New diseases and problems that can be controlled only through
breeding methods are continually presenting themselves. There
is also in alfalfa imch vigour attributable to hybridity
(heterosis) yet to be tapped,

One aspect in breeding alfalfa which geeus worthy of
gspecial attention at this time is the possibility of utilizing
heterosis or hybrid vigour. Ilarked heterosis is exhibited by
certain plants resulting from cross-fertilization. Now, a
necegsary factor in utilizing the heterosis in a practical
way by agronomists involves certain pollination controls. In
alfalfa, which possesses perfect flowers, containing both

male and female ports, this necessitates the rendering of the



mele parts of the female parent plant nonfunctional. However,
hand-emasculation of the male parts of the very saall flowers,
a very slow, tedious and expensive process, is not practicable
for large scale operations, One wagy in which this obstacle
can be overcome is through the use of male~-gsterile, female~
fertile plants. In the lhiope that such plants could be found
end utilized, an investigation was initiated to determine
their presence in our B.C., alfalfa stocks. The first section
of this dissertation then is a report upon our search for, and
gtudy of, male-sterile lines. (3ince two growing seasons only
have been aveailable for this study, and, since only one seed
get has been obtained as a result, a report on the inheritance
of the putative male-sterility in certain lines cannot yet be
made., )

While similar investigations are being taken by other
interested institutions (in Nebraska, Saskatchewan, Sweden,
among others), alfalfa is such an important crop in British
Columbia that an attempt to produce hybrid alfalfa would be
worthwhile here, Although production in British Colwubia is
not extensive, alfalfa is nevertheless this province's most
important forage crop. fhis crop is grown in all parts of the
province and is the principal hgy species, while total
acreage figures, although available are inaccurate, an est-
imate of its importance to the provincial economy can be
determined by the following facts. Alfalfa is the prime
gource of winter hgy for the range livestock industry which

hes an annual production wvalue of $19,000,000, One and one=-



half tons of hay are required for each animal unit on the
range eacli winter., In addition, seed production is an
important industry iﬁ the province, principally in the reace
iver area and, to a minor extent, in parts of the Okanagon
and Upper Fraser Valleys., There was an estimated secd acreage
in 1950 in B,C. of 8,985 acres with a production of 363,000
lbs. clean seed, 700,000 1lbs. of geed was produced in 1948

snd 220,000 lbs. in 1949, (2)

A second section of this dissertation concerns a disease,
first positively identified in B.C, by Brink (17) in 1942,
which is now becoming rather destructive to alfalfa in parts
of the province, The disease, Witches' Broomn of Alfalfa, is
Attributed by lienzies (63) to a virus pathogen. Very few
additional facts, however, respecting the disease are known,
Its seriousness, geographical distribution, vectors, or rate
of spread are unknown, It is not known, furthermore, whether
any naturel resistance occurs in alfalfas (Hedicggo SPPe )

To obtain much information in respect to these features will
require several years of research, Some hope that this dig-
eage might be controlled by plant breeding methods is offered
by the recent production (49) of an alfalfa resistant to
another virus disease("Alfalfa Dwarf") in California. 14 years
of reseearch, with ample support, weré<required to produce this
veriety. Accordingly, our studies into Alfalfa Witches'

Broom disease in B.C. must be of a preliminary nature,



A - Tilh SELECTION OF MALL-STURILGS LINES IN ALFALFA,

LOTRODUCTION

Striking advances weré 6btéinéd in carn breeding by the
development of hybrid strains. Inbred lines, developed at
congiderable cogst, were later combined in suitable outcrosses
to produce hybrids superior in yield, disease and insect
resistance, and uniformity. Advances were so striking that
in the U.S.A. alone 90% of the corn acreage is now of hybrid
sorts. Acreage has been retired for soybeans and ofher CIrops,
and yet national corn yields have increased 25%. Uniformity
is so marked in hybrid corn that mechanical harvesting
techniques are now eminently successful.

AMfalfa breeders, it is not surprising, therefore
viewing the progress in hybrid corn breeding have wondered
if similer successes might not:;ealized in alfalfa breeding.
(1) Like corn, alfalfa is heterozygous and open-pollinated,
end marked heterosis is demonstrated in hybrids.

(2) In addition, alfalfa, a perennial, can readily be
propagated vegetatively, and as such the maintenance and
retention of a given genotype is easily accomplished.

(3) Unlike corn, which is monecious, alfalfa flowers are
amall, hermarhroditic, and gathered in tight raceumes.

(4) Unlike corn, alfolfa is insect pollinated.

(5) Unlike corn, in alfalfa only a few seeds are produced
per pollination.,

(6) Alfalfa is polyploidy in nature which complicates



inheritance, and mckes transfer of characters difficult.
In addition, there Eg prrobably cytoplasmic influences.

The fact that only a few seeds are produced from a
single pollination rules out the production of hybrid alfalfa
by physical means. 4s in other plants of similar nature
where the advantage of a hybrid program is being investigated
(flax, tomatoes, onions, etc.), considersble interest has
been drawn to the possibility of avoiding the morphological
difficulties inherent in the flower structure by the selection
of male-gterile, but female~fertile, lines which are capable
of setting seed but not of producing pollen., Such plants,
if of agronomic value, would serve as female parents for seed
produced by natural crossing in an isolation block,

The obvious necessity of simple inheritance of male-
sterility becomes apperent if we want to transmit this char-
acter from one line to another. liope for the existance of
such lines has been indicated by Tysdal and Kiesselbach (91),
who in 1944 stated "male-sterility, as such,'has not been
identified in alfalfa, but its possible occurrence and use
ghould not be ignored", and by Armstrong and White (3) in
1935, Tome (89) in 1947 in Argentina, and Clarke and Fryer
(27) among other workers. In our work, attention was directed
to both male and fenale sterile lines but the emphagis was
directed to male-sterility.

Many difficulties are inherent in alfalfa in working
out the inheritance of male~sterility, or of any character.

The cowmon alfalfa is shown by Fryer (44a), Ledingham (57),



¥ilan (65), Julen (54), Nilsson and Andersson (66) to be a
polyploid and as such the inheritance is rarely simple. As
Brink, Jones and Albrecht (16) pointed out in discussing
Bacterial Wilt disease of alfalfa, a factorial interpretation
of the inheritance of diseose registence is at present
impossible., Duplicate genes are often involved in inheritance
which will obviously add to the difficulties. Atwood (5)
wrote that alfalfa is highly heterozygous and as such is using
hybrid vigor naturelly to a considerable extent. Inbreeding
is a very costly procedure in alfalfa, requiring a great
amount of tedious and slow hand labour, and the plants soon
become weak and sterile, and as such outcrossing may result
in very little, if any, seed set, For this reason, and the
foregoing ones, a program cannot be translated from corn to
alfalfa, However, as Tysdal and Kiegselbach (91) pointed out
in 1944 in a crop sucnh as alfalfa, which is perennial and
easily propagated by clones, a given genotypé can be maint~
ained indefinitely, thus eliuinating the need of self-fert-
ilization for its continuance,

In the pest few years, prompted to a large extent by
Tysdal «nd associates work (91)(93), attention has becoue
directed to a general assessment of combining ability. This
is evidenced by the general theme of such papers as Tomé's
(89) discussion of alfalfa breeding in irgentina, Bolton's
(10), and Hzyes' (48).

Due to the foregoing reasons, and especially due to the

difficulties inherent in polyploidy, breeders on this
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continent have largely given up the idea of the production
of hybrid alfalfa., he lack of lines showing complete iiale=-
sterility has been résponsible as well for the trend away
from hybrid seed production,

However, studies at the University of B.C. are being
conducted with the realization that the application of the
work may be some time away., It is felt that there is a pos-
gible use of hybrid vigor even though there are many diffic-
ulties. In some respects alfalfa lends itself to a "hybrid"
Pprogram: it propagates readily by vegetative means. It is '
felt that in a few years a large proportion of alfalfa seed
producing fields will pe propagated by cuttings, and as such
the interplanting of rows of male-sterile plants with male-
fertile plents with a selective harvest could become a method

of production of hybrid seed.

REVIEW OX LITERATURE

A, Some general remerks on sterility and incompatibility

in higher plents,.

(a) Defining sterility and incompatibility.

Sterility is not easily defined as it may take
geveral forms. Xast (38) in writing of sterility seems to
include any phenomenon that results in reduced or no seed
set, and considers male-gterility to be a special case of
ngelf-gterility", Armstrong and White (3) write of pollen
sterility in alfalfa as "a very definite factor in seed-
production - both in determining the pod-setting and in the

nurmiber of seeds per pod". (Incompatibility?). Crane and
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Lawrence (33) draw a distinction between incompatibility and
sterility, confining the terms 'self-sterile!' and'cross-~
sterile' to sterility which arises from defective pollen and
ovules and other aberrations. They would restrict the term
'incompatibility' to the failure of the pollen to grow down
the style and effect fertilization due to some physiological
hindrence, They point ocut that although self-incompatibility
is frequently referred to as self-gterility and cross-incompat-
ibility as cross-sterility the terms are migsnomers as in
incompatibility the pollen and ovules are functional at least
on certain plants. Beadle (7) divides sterility into two
types: 'impotence! - due to morphological or physiological
derangement of the sexual organs resulting in an inability to
produce viable germ cells; and, 'incompatibility' wherein
normal gametes are formed, but fertilization may‘be impossible
in certain matings while in other matings are normally pro-
ductive of offspring. Riley (78) in 1932 admits that the
terminology employed by various investigators in this field
has not been consistent. He writes that the term 'self-sterility?,
a much older term than 'self~incompatibility' o 'self-para-
sterility', is applied to the inability of an hermaphrodite
with functional gametes to self-fertilize when there are no
mechanical barriers to prevent self-pollination. He thinks
that there should be no confusion between the use of 'self-
sterility' and true 'sterility' as the prefix 'self' qualifies
the expression and differentiates between the two.

For the purposes of this essay, I will restrict the

term 'sterility' to denote those cagses where pollen (or



female gemetophyte) is incapeble of fertilizing (or being
fertilized) in any case; and the term "incompatibility" to
denote those cases where fertilization is prevented by
senetical differences between normal functional pollen and
nornal functional ovules and styles,

(b) Causes of sterility

Sterility in plants, as has previously been noted,
may stem from a variety of causes and it is not surprising
that many clagsifications have been proposed to aid in its
desgecription.

Sterility is classified by Crane and Lawrence (33) into

a) "Generational sterility, due to the failure of any of the

processes concerned with the normal alternation of generations,

namnely, development of pollen, embryo-sac, eubryo, and endo=
sperm, and the relations of these to one another and their
parents, regardless of the cross uade, and b) morphological
sterility due to suppression or ebortion of the sex organs',
Dohbzansky (36), on the other heand, classes sterility into
genic and chromosomal sterility, within species and within
species hybrids. Ile defines "genic sterility" as sterility
due to changes in the individual genes of the orgonism, and
not due to dissimilarities in the gross structure of the
chromosoies; and, "chromosomal sterility" due to structural
dissimilarities of the chromosone bivalents., Genic sterility
in his sense rarely involves eny interference with the
chromosomal mechanism as shown by the fact that meiotic
chromosome pairing and subsequent divisions mgy occur before

any disturbances leading to sterility are noted, Some genic
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sterility may, however, involve failure of pairing of homo-
logous chromosones (ref, "synaptic!" gene mutation in corn),
Chromosomal sterility, in Dohbzansky's (ibid) usage, has ot
its base, trenslocations, inversions, deletions, and other
gross morphological changes in the chromosomes. . Jnother method
of classifying sterility, according to Dobzhansky (ibid),
(attributable to Federly and ilenner ond to Iuntzing), Givides
sterility into gaﬁetic (haplontic) and zygotic (diplontic),
The former refers to sterility of pollen or femole gameto=-
phyte (or for all practical purposes, the unfertilized egg)
and the latter to failure of the zygote to grow after fert-
ilization has been accomplished.

Whatever the clagsification of the causes of sterility,
meny phenomena may be responsible for the sterility of an
organism, Dealing first with the male parts of a flower,
breakdovms resulting in sterility may occur at any stage of
the life history. AMAnthers mgy be replaced by petals thus
rendering the plant male-sterile (very commlon in horticultural
flowers, such as the double geranium, or the chrysanthemun),
¥ailure of the anthers to develop whatsoever ilgy ocecur (73)
(88)(90); (It is probable that many plants recorded as gyno-
dioecious, as for example many Lebiate, are in effect species
in which a certain population of individuals show male-gter=~
ility of this type). Anthers may develop partially end then
abort entirely (82)(83). .nthers mgy develop but produce no
pollen through failures of reduction-division (4)(7)(9)(40)
(42) (43)(44)(45)(72)(73); or failures in meiotic activity

due to sticky genes (42, 43), asynaptic genes (73), chromo-



somal resrrangenents (43). Pollen grains may be affected
before the thickening of the wall, or at the beginning of
thickening, or after thickening but before the first division.,
Partial or complete sterility may be caused by translocations,
inversions, deletions, duplications etc. The production of
sex cells carrying =sbnormal gene complements in individuals
heterozygous for various chromosomal aberrations leads to a
certain degree of sterility. Mon-disjunction of chrowosoues
may lead to partial gsterility.

inother irregulority in meiosis mey arise from autopoly-
pPloidy: mechanical difficulties magy be set up to pairing of
chromosomes due to excess of "choice" of partners,

Although anthers may develop and pollen be produced, the
anthers may fail to dehisce aond thus the plant nmgy remain
male-sterile (4, 9, 81)., Follen may be produced but due to
gome innate characteristic it will not germinate (59). (Dwyer
(37) in 1932 in an extensive test ih Australia found that only
80% of normal pollen germinated). Pollen may not germinate
on stiguas if gMproper moisture conditions are not met (62),
Yollen uay be fully viable but not be zZble to germinate due
to the stigmatic membrane being too well developed (3) or
ynruptured (60)., The stigmatic meubrane mgy be ruptured but
the pollen-tube may fail to grow down the style (38, 39)j or,
if grown down the style fail to reach the ovary (38, 39, 3,
15, 31, 50, 60 etc); or bypass the ovary (31), or fail to
fertilize any owvules (31) or fail to fertilize the basal
ovules of the ovary (31, 13) resulting in partial sterility.

The ovules themselves may be non-functional and even if the



pollen-tube reaches the ovule, fertilization cannot be
effected,

liany of the irregularities of meiosis affecting the male=~
gometophyte may also affect, but not necessarily, the female
ganetophyte developuent.

Ovules may remain infertile even though the pollen-tubes
are present and the generative nucleus of the pollen tube and
the egg cell of the ovule are in conjugation (36), Even if
fertilization is effected the ovules mgy abort. Collapse of
fertilized ovules, or somatoplastic sterility, may occur
fpllowing abnorumial growth of the somatic tissues adjacent to
the eubryo sac (12, 13, 14).

A1l of the foregoing msgy occur in the ordinary diploid
21 plants, In triploids, pentaploids or other unbalanced
polyploids the Picture is soumewnat more complicated. Sterility
mgy be due to unbalance in chronosome coumplements as an odd
number cannot divide evenly,.

(¢) Incompatibility.

‘There has been = great amount of literature published

in recent years on incompaotibility in plants, much of which

has been discussed under the heeding of sterility. The
following review highlights some of the notsable litefature.

Jones (50) credits Kolreuter with reporting tne first

case of incompatibility in 1764 in Verbascuil. Since that time
many instances have been recorded., Jones (ibid) in 1928
egtimated that about 100 different species scattered among

50 plant families show incompatibility. Crane and Lawrence

(34) in 1934 state that sexual incompatibility is wide-aspread
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throughout the plant kingdom; a view substantiated by many
authors,

The best known, end most satisfactory explanation of
incompatibility was presented by Zast (39) with his opposit-
ional-factor hypothesis. By this postulation, incompatibility
is determined by genes usually designated by the letter S
and commonly forming a multiple allelomorphic series: S, So,
ssessesedls, any 2 of which mgy be carried by a given plant,
Pollen cannot function, or shows very little growth in the
style of a plent carrying the same incompatibility factors as
the pollen; end normal pollen tube growth occurs in stylar
tigsue carrying a different genetic factor for self-incompat-
ibility. There was also discovered by East (ibid) a self-
fertility factor, Sfy functional with any of the above series
end dominant in crosses.

Riley (78) in 1932, working with the genus Capgella at
Frinceton Univergity found that the inheritance of self-
sterility in C, ggangiilg;g could not be explained by the
theory of oppositional factors. This species is completely
gelf=-aterile, and had remained so through 18 generations., The
Py from a cross between 3 other self=-fertile species and the

self-sterile G, grondiflora were all fertile; the Fg split

into 3 self-fertiles to one self-sterile, 1/3 of the self-
fertiles breed true to self-fertility; while the other 2/3
split into a 3:1 ratio of fertiles to steriles. All the

gself-gterile segregates of any Fo family are cross-sterile

among themselves. Riley (ibid) in 1932 attributed self-
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sterility to a gene simply recessive to self-fertility. In
later papers (79, 80) in 1934 and 1936, he explained this
gelf-gterility on the basis of the sporophytic nature of the
Parent plants and on the interaction of two pairs of genes,

a dominant gene T which is epistatic to S€ and their recessive
homologues.

The incompatibility reaction can be wodified by several
factors. Crane and Lawrence (34) state that tie incompatibility
reaction is greatly affected within a species by temperature.
Higher temperature increases the growth rate of compatible
tubes whereag it decreases the growth rate of incoupatible
tubeg., This shows that the incompatibility reaction is due to
a positive chemical reaction between the pollen and the style,
and not merely due to a lack of some growth substance., Self=
pollinations of flowers late in the season of growth and
also of flowers in the bud stage in certain incompatible forms
of iicotiania has resulted in some seed set., 3uch seeds give
rise to plants either of the same genetic constitution as the
parent or homozygous plants. The former fall reciprocally
with the parent, <ihe latter afe effective wihen used as feumales,
but fail when used as males in pollinations with the parent.
This phenomenon is known as "pseudo-fertility" or“end-season'
fertility. ’

Crane and Lawrence (ibid) further point out that the
incompatibility reaction can be modified by autopolyploidy.

In tetraploids of pear, retunia, and Qenothera a breakdown

of incouwpatibility has been found to be due to the competitive
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interaction of two different 3 alleles in the same pollen
grain. B538g pollen is compatible, vhile $S337and 3035 pollen
is incompatible in a 51318952 style. However this may break
dowvn 1if one allele is dominont over the other,

Brink and Cooper have published at least 4 papers (12,
13, 14, 31) dealing with self-incompatibility and somato-
Plastic sterility in colfalfa and other plants. They report
that self-incoupatibility in alfalfa is only partial and
varies considerably from plant to plant, They are of the
opinion that ovule abortion or somatoplasiic sterility uay be
unrelated to self-incompatibility and may vary independently
of it. TFollowing self=-fertilization they found that one of
three things may heppens pollen tubes frequently fail to
reach the basal ovules, many ovules remain infertile e#en
though pollen tubes are present, and the abortion of fertile
ovules are of coumon occurrence., Crossing was found to raise
the proportion of ovules becoming fertile from 15% to 657,
and to reduce tiie abortion of fertile ovules from 34 to %3{
The higher ovule Tertility results from more extensive grovith
of the polien tubes withiin the cavity of the ovary and an.
increesed tendency for pollen tubes which reachr the ovules to
enter the micropyles and accouplish Tfertilization, There
appears to be no correlation between the percentage of the
ovules becoming fertile after self-fertilization and the
frequency of fertile ovules collapsing in the same individual,

Cooper (30) described the normal embryology of alfalfa.

An ovary of alfalfa containg 10~12 ovules arranged alternately



along the ventral suture in serial order. The necessary
condition for tihe developuent of the seed is that fertilization
of the egg witiiin the ovule occurs, A large disperity in the
number of geed which develop after self and cross-fertilization
is canged by the difference in the proportion of ovules that
become fertile following the 2 types of matings. Cooper and
Albrecht (32) studied, histologically, alfalfa pistils
following sclf- and cross-pollination and found a declining
gradient in fertility of ovules from the apex to the base of
the ovary. In selfed series about 1/3 of the ovules in the

top Position-at the apex of tihie ovary became fertile with

the frequency declining to zero towards the base. In the
crossed series the fertility gradient is souewihat équal to
thig, although the proportion of ovules becouwing fertile in
each position is o little higher than after selfing - 85%

of the ovules in position 1 down to approximately 335 at the
base,

Brink and Cooper (ibid) also described somatoplastic
gterility in which a high percentage of fertile ovules fail to
develop into mature seeds: the ovules collapse frequently
during the early stages of post-fertilization particularly
after self-pollination., This collapse follows abnormal growth
of the sowatic tissue adjacent to the embryo sac, shortly
after fertilization active cell division is initiated in the
integuments as well as in the endosperm mother cell and the
zygote. The critical factor for survival in this stage is

the nanner in which translocated food is shared between the
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endosperm and the integument and this partition depends on

the rate of growth or cell division inside and outside the
eubryo sac. The endosperit and eubryo of hybridized ovules
Erows Very quickly and can compete with the integuments for
food supply; but the selfed ovules, growing slower, fail in
competition and the balance shifts in favor of the integwuents,
Growth mgy continue for several hours, using breaxdown of the
endosperm cells as nutrients, before collapse. The chalazal
portion of the endosperm is ruptured, the cells of the

embryo become starved, and is followed by a collapse, with

the resultant abortion of the remaining endosperm and embryo,

B. Hale-sterility in the higher plaats,

(a) Some general remarks.

A literature search of reécent work on male-sterility
in plants brings to light 3 wmain modes of inneritance of this
chiaracter. liale-sterility may be governed by a) one or a
few recessive liendelian factors, or b) by dominant factors,
and ¢) by cytoplasnic factors in addition to ilendelian factors.,
In some cases, the phenomenon is reported but the mode of
inheritance is unknown at present. Cytoplasmic male-sterility
was reported, apparently erroneously, by Lick (75) in 1948,
and by Lewis (61) in 1941, in light of present dgy findings,
to be much less comuon in cultivated plants than genic male=
sterility.

Lewis (ibid) writing in 1941 on male-sterility in natural
populations of hermaphrodite plants, stated that iiale sterility

due to a recessive gene is common as a mutant 1n inoreu plants,
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Single examples are reported by Lewis (ibid) in Antirrhinum,

Capsella syp.s Lathyrug odoratus, Lvcopersicum esculentum,

Oryza sativa, and Rubug idaesus. More than 15 types of male=-

gterility were known in Zea mgys at that time, all being due
to the segregation of a single recessive gene, ile reported

two other cages oi nale-sterility in maize due to a single
dominant gene, but which since have been shown to be in
reality due to an interaction of cytoplasmic factors and
¥endelian factors. In 1931, male~-sterility had not been
reported in wild popﬁlations of these plants, or in species
naturally polymorphic for male-sterility. In all the gyno-
dioecious species fully investigated, according to Lewis {ibid)
male-sterility is inherited through the cytoplasm,

(b) Male-sterility governed by one or a few recessive

llendelian factors. (If male-sterility is inherited

as a simple recessive, inbreeding would favor the

production of the phenomenon.)

Bohn and Whitsker (9) in 1949 writing on the male-
sterility in andromonecious ruskmellon report that staainate
flowers from male~gterile plants are normal in size and shape
of alk parts except the antherw. These are sumall, fail to
denisce and contain empty microspore walls. In the male-
sterile plants meiosis is apparently normal and follows the
usual steps up to the formation of the tetrads; at this stage

the development ceases and the contents of the young pollen

crains disintegrate., The units of the tetrad remain cemented

together., They conclude thet in muskmellon male-sterility
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is diplontic and is governed by a single recessive gene,

Crane (33) in 1915 is credited with the first report of
male-sterility in the tomato., He found that male-sterility
behaved as a recessive character and believed that it depended
on a mutant gene,.

Riek (74) in 1948, reported on a search conducted for
male-sterile tomato mutents, potentially useful in producing
1 hybrid seed and in cross-breeding. Among 150 unfruitful
plants, 12 were found to be genetically male-gterile, Breeding
results indicate that the male-gterility of each mitant is
determined by a single recessive gene., One gene mss was
recovered 4 timesg and 8 other non-allelic genes msg to mslé
were denonstrated. Only one mutant produced any pollen that‘
was functional, and by using this pollen in self-fertilization
pure breeding male-sterile populations for this gene was
obtained.

Rick in a previous paper (73) in 1945, reported on a
gurvey of cytogenetic causes of unfruitfulness in the toumato.
Gauetic sterility is largely responsible for the uafruitiul-
ness of 66 plants discovered in approximately 55,000 field
plants of 3 tomato varieties. Tailure of normal gamete
formation was resolved to a cytogenetic basis in every case
investigated. Rick (ibid) found in the 14 diploids discovered
in this population that 3 plants were aberrant in gross
morphology. Sterility of these plants is probably conditioned
either by = pleiotropic effect of the gene determining the

deformity, or by the deficiency of a chroumosomal segment
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which includes a gene affecting the morphological character
ond another affecting sterility. Rick (ibid) found in 3 other
Plants that the male-sterility is determined by a single
recessive gene, 5 plants showed complete pollen and ovule
sterility resulting in one case from asynaptic meiogis.

Roever (8l) in 1948, writing on a promising type of
male-stérilify for use in hybrid tomato seed production,
reports a mutant in which natural selfing was prevented .
because the anthers failed to dehisce. The mutant can be
selfed by hand but does not seif in the field. - He concludes
that the character appears to behave as a‘simpleirecessive.-

Lesley and Lesley (59) working at Riverside, California,
reported in 1959.on male-sterility in the tomato. They found
that male-sterility is completely recessive and depénds on -at
least 2 recessive genes, ms) and mss, both of.which are
vnecessary for male-gterility. WMale-sterile plants are
homozygous for both of these recessive characters .and produced
non-viable pollen, Segregation of sterile and viable pollgnl
was accomplished by means of germination tests in van Tieghen
cells using 15% cane suger media plus. ground up sfigmaé.

‘Scott and Riner (82) in 1946, report on the inheritance
of male;sterility in winter squash in which the male flowers
pfoduce no pollen. XNo differences were observed in the size
or shape of the male-sterile versus the nppmal flower, but
there is a marked difference ih the appearance of the
androecium of the male—steriie and normal flowers, In the

mal e-sterile flowers the androecium sborts in the bud stage
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before the staminate flowers open so that no pollen ig produced.
The factor for male-sterility is inherited as a simple recessive,
In the backecross progenies a 1 : 1 segregation for male-~sterile:
male-fertile flowers was observed, In the Fo progenies a 3:1
segregation occurfed. Male-sterile,?lants were fully female~
fertile, producing abundant seed and fruit when foreign pollen

is added. |

Beadle (7) reported in 1932 on a study of 15 genes for
polleh'steriiiﬁy in maize. In all cases development. of mega~
spores and female gametophytég was . normal., Cytologically,
the malehsteiility wag characterized by degeneration of the
microsporocytes or of the microspore cells. The time of
degeneration veried with the different male-steriles ranging
from the !'synizetie! stagesmof meiosis almost to pollen matur-
ity. Theims'genes were recessive and non-allelomorphic.

In a previous paper in 1921; Eryster (41) states that
recessive Mendelian genes are the cause of'male-sterility in
‘maize. ‘ .

Emerson, Beadle and Fraser (40) in 1935 reported 20 genes
had been described to date for male-sterility in maize. All
of these gene-stériles are or were independent recessives,' |
each capable of bringing about either complete or a high degree
of sterility iﬁ the male inflorescence. Meiosis occurs nornmally
and the‘pollen grains are formed but before anthesis these
érains abort,

 Burnham (20) reporting on cytogenetic"studies of a case
of poilen abortidn in maize in 1941 found a gene for pollen

sbortion (pa) in an established inbred line. Plants hetero-
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zygous for this gene had semi-sterile pollen but normal ears,
The gene was lethal, or nearly so, to po}len carrying it;_but
had no lethal effect on the ovules. As a result pa is trans-
mitted mainly, if not entirely, through the ovules, and is
located on the first linkage group.

Shifriss (83) writing in 1945 on male-sterilities in
cucurbits, found 3 lines among 200 one-generation inbreds of

Cucurbita pepo L, which segregated for male~sterile plants.

T ¥5 and backcross populations showed that the male-sterility
is iﬁherited as a recessive character whose expression is due
to a single géne, This morphological male-gterility is eX~
pressed in complete'abortion of the androecium at the bud
stage before the staminate flowers open. v ) .
Gregory (45) reported in 1905 on the sbortive development
of the pollehbin'certain sweet peas whose anthers were conta~
escent. These peés were produced by self-fertilization by
Bateson. Sterility was found to bé correlated with a somatic
character, the sterile plants possessing a green leaf axil,
while fertile plants had red axils. A cytological invest-
igation revealed that the whole nucleus showed irregularities,
Reduction-division followed the normal course, and young
pollen'grains were formed., In the contabescent anthers,
growth ceages at this point,'the pollen grains remain small
and enclosed within the walls df the pollen mother-dellsﬂ
Development of spindle fibres in the cytoplasm was weak or
ébsent. Gregory (ibid) believed the male-sterility character

was inherited as a gimple recessive,



Punnett (70)(71), working with Gregory's (ibid) plants,
showed that génetioaily the female gametogeﬁesis of the male-
sterile sweet pea plants was normal, and that sterility of the
pollen was complete., He also demonstrated that the gene forv
sterile anthers was inherited as a simple recessive,

In 1937, Faberge (42) at the John Innes Horticultural
Instiﬁution re?orted the results of a detailed cytological

and genetical study of male-sterility in Lathyrus odoratus.

The recessive gene for male-sterility was linked with light
axil color. On a cytological basis he found that the
following occurred:
(1) Only occassionally a metaphase plate of normal aspect
was formed; generally the chromogomes in meiosis remained
scattered in cells. |
(2) Very few second divisions of meiosis were seen. Of those
. tﬁat éccurred, many had cell walls extending only 2/3 of the
distance acrosgs the celi. He also found that oftgn more than
4 chambers wefe pértitioned off with some chambers being left
without any nuclear material whatsoever,
(3) Meiosis may be arrested by a change in the colloidal
stéte of the cytoplasm as early as diskenésis or as late as
second anaphase. The'cytoplasm;bgcamei granular very rapidly
arresting meiotic éctivity. _ )
Shull ( 84) in 1927 reported on finding pollen-sterility
in crosses betwéeﬁ species of shepherd's purse, The male-_
sterility in the interspecific Cagsella‘hybrid was Tound to
be gimply recessive to male-fertility.

Suneson (88) reported in 1940 on a 4 year test that he
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performed on a male-gterile mutant of barley. Results of Py

~

and Fp showed that the mutant was mele-sterile; and that the
male-sterility was inherited as a. simple recessive, Anthers
remained shrunken, rudimentary while pistillate parts were

’

normal.,.

(ﬁﬂ Male-gterility governed by a single dominant gene.
 Rife (76) studying the genetics of cerain common

variations in Coleus, found four genes at approximately the
same chromdsome locus which produce varying combinations of
deep veréus shallow lobed leaves and male-sterile versus male-
fertile flowers; both deep lobes and male~sterility being
dominant. )

In a later paper, Rife (77) points out that male-sterility

(D) and deep lobes (L) are closely linked and both dominant.

(d) Male-sterility governed by cytoplasmic factors in
. addition to Mendelian factors. To explain the
observed data on certain types of male-sterility

both cytoplasmic factors and Mendelian factors are

required. , . =

”’Wﬂl :Véad
NEXPLain

by Mendelian, or genic inheritence the male and female parents

Owen (67) states that if a character is to

both influence the characteristics of the offspring, and
populations obtained from reciprocal crosses (excepting sex~-
linked characters) should be identical., If a character, on
the other heand, is_to be explained by cytéplasmic, or maternal
inheritance, the male parent should have no influence on the
characteristics of the offspring; and populations obtained

from reciprocal crosses should not be identical. If cyto-
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plasmic and genic inheritance are both involved, the results

are more complicated., The female barent should, in this case,

- exert more influencg thén the male-parent in the characteristics
of the offspring, and populations obtained‘from reciprocal
crosses should not be identical.

Jones (50) in 1950, proposes as new terminology the term
"chromogenes" to designate genes in the chromosomes, and the
term "plasmagenes" to designate the determiners in the cyto-
plasm. ©Pollen abortion is brought about by chromogenes and
also plasmagenes, both of which are varizble in their control
of pollen production, ZFlasmagenes that condition pollen |
sterility have no other effect upon the growth and structural
details of the plants. Plasmagenes and chromogenes for pollen
sterility, when working together in the same plants, apparently
have no effect on each other and are independent in their
action,

Rhoades in 1931 and 1933 (72)(73) studying male-sterility
in Zea mays concluded that pollen sterility is inherited
through the maternal cytoplasm. Rhoades (ibid) reported that
the egg cytoplasm plays the chief role in the éxpression of
male-sterility. There was no transmiséion of the character
through the polleﬁ of partially sterile plants. Cytologically,
microsporogenesis is normal with degeheraﬁion of pollen usually
occurring before the first vegetative division. There is a
pronounced difference between the cytoplaSmic elements of

microspores in normal races and those of the male~gterile

lines.
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Josephson and Jenkins (53) reported in 1948 on male-
sterility in corn hybrids. Seeking an explanation for
seriously low seed set in a number of fields of white hybrid
corn, male~sterility was found to be the primary cause of the
difficulty. Examingtion of the tassels during pollen shedding
time revealed the presence of male-gterile plénts. High
sterility resulted only when the hybrids had cytoplasmic
contributions from one strain. Sterility was also found to
be influenced by certain contributions from the male parent,
a minimum of 2 genes apparently beihg required, The authors
point out that the expression of sterility is subject to
environmental iﬁfluence.

Owen (87) working with male-sterility in sugar-beets in
1945 found'thét several pairs of Mendelian factors may infl-
uence pollen development when carried by plants with sterile
cytoplasm, but same factors have no effect when carried by
plants with normal cytoplasm., Complete male—stefility was
characterized by empty white anthers. Owen concluded that in
sugar-beets, male-sterility is produced by combined cyto-
plasmic and genic inheritance,

Artschwager (4) reported in 1947 on the results of a _
cytological investigation into the cause of pollen &2bortion
in Owen's (ibid) plants. He observed that when male-sterility
in sugar-beets is cytoplasmically inherited, completely male=
sterile plants bear white, empty anthers. Normal pollen mother
cells and normal microspores are produced, but the microspores

fail to develop fully =znd disintegrate by the time the flowers
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oren. In the gemi-male-sterile types, small, non-viable
pollen grains are formed but the anthers do not dehisce.

Owen (ibid) had observed that sometimes viable pollen ig
produced by some branches of the inflorescence, and occasion-
ally white anthers and yelbow ones are borne within the

- same flower,

Pollen abortion, especially in hybrids of plants with
different chromosome numbers, usually is the result of abnormal
Vmeiotic divisions; in sugar-beets, however, Artschwager (ibid)
observed a different type of pollen degeneration in which the’
anther tapetum, through the development Qf a plasmodium,'plays
aﬁ important role. He found that pollen abortion in anthérs
of sugar-beetgs with cytoplasmically inherited male-gterility
is associated with either a periplasmodium or a cellular
tapetum - both of which may occur in a flower cluster but pot
within a single flower. The ﬁlasmodium's presence somewhat
delays Ppollen abortion; bﬁt where the tapetum remains cellular
goiie microspores are destroyed'while still in tetrads. He
could,not_offer an explanation of the cause of the deveiopment
of the periplasmodium which is restricted to sugar-beets
exhibiting cytoplasmic male-sterility. Cytology of the
- young plasmodium suggests hypermetabolic activity to the
detriment of the developing microspores.

Jones and Clarke (52) studied the inheritance of male-
steriiity in the onion with the hope of the production of
hybrid seed., The male-sterile onions produced no viable

pollen but get geed readily when hybridized with pollen
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from male~-fertile plants. They found 3 types of inheritance
which they explained by assﬁming that the male-gterile
condition results from an interaction between a recessive gene
and a non-nuclear or cytoplasmic factor,. ALl plants with
normal cytoplasm (N)'produce viable seed. ALl male-sterile
plants possess the sterile type of cytoplasm (S). No light
was shed on the nature of the cytoplasmic factor which differs
in the 2 types. A gene for male-sterility (ms) also influences
pollen development when carried by plants with S cytoplasm but
has no effect when carried by plénts with N cytoplasm,

Clarke and Pollard (28) found in 1949 that male-sterility
in fhe onion was not com@le%e and that the amount of selfing
variew largely from one male~gterile plant to another, but
the average of selfing for all lines tested was 4.1%.

Fineman (43) found complete pollen sterility in the potato
to be'a result of the failure of normsel microspore formatiop
during meiosis. This view is supportéd.by numerous meiotic
irregularities she observed in sterile-pollen plants, The
most common meioticlirregularifies ;he observed were:

(1) :EEE?e of the chromosomes to pair, (2) lagging of the
chromosomes on the spindle and (3) failure to complete the
normal reduction-division process. Partial sterility of the
fertile plants is conditioned, after what appears to be a
normal meiosis, by microspore zbortion, which frequently
occurs after the spores have reached normal pollen grain
size., TFineman (ibid) concluded that female parents transmit

more poilen stefility than male parents.
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Bateson and Gairdner (6)-in 1921 crossed common tall
and a procumbent flax and found normal and male-sterile ind-
ividuals in a 3:1 ratio in the Fo. ‘Sterile Plants were
obtained only when the procumbent race was used as a female
parent. They attributed the results to "anisogeny'.

Chittenden snd Pellew (26) offered & suggested inter- .
pretation of Bateson and Gairdner's (ibid) venisogeny". They
interpreted the sterility as due to the interaction of a
specific gene in the cytoplasm of the procumbent race. In
another pépér (25) Chittenden in 1927 wrote that a single gene
apparently determines-male-sterility with one type of cyto=-
plasm (procumbent) but not with another (erect).

In 1932, BEast (38) found that certain S factors from

ﬂ;gggigg;g_gggggrgg produced male-sterility in the presence

of cytoplasm derived from N, langsdorfii but produced viable

pollen in the presence of N, ganderae cytoplasm. NMale-sterile

plants. produced no pollen at all, . He found that the ratio

. of self=fertiles to male-steriles was 266:232,

e . R .
(&) Male-sterility reported, but mode of inheritance

unknown at present.

Welch and Grimball (90) discovered a male-gsterile
but female-fertile carrot in 1947, Male-gterility consisted
of anthers being shrivelled and brown in bolor before any
petals unfolded. Hybrid seed produced on male-gterile plant
had ¥y plants that were classified 37 malé—sterile and 15
normal.

Frankel (44) working in New Zealand, observed male-



sterility with female-fertility in nature in 8 forms of the
genus Hebe, comprising 5 species and 1 spécies—hybrid. As
Hebe only flowers every 2 or 3 years it is unsuited to the
study of male-sterility inheritance. However, Frankel (ibid)
concludes that the male-gterility is due to genetic céusesA
and not to environmental causes as the phenomenon is regular
_from year tp yvear and in gd new environment after transplanting.
A cytologicel study of the breakdown of the pollen showed
degeneration occurred repidly and with regularity, either in:
(1) Pachytene of prophase - up to this meiosis is normal.
' Diﬁlotene loops are not formed. "The pachytene threads co-‘
agulate indiwvidually, approximaiéiy to the size of diakenegié
bivalents, and collapse into an amorphous mass which is ?apidly
dissolved". Subsequently the empty cell walls collapse,
remeining in this state in the snther cavity. Tapetum cells
degenerate simultaneously. .
(2) Tetrad degemeration - all meiotic stages up to second
teioﬁhase are nofmal. Tetrads are formed but collapse raéidly.
No pollen grains seen,
(3) Pollen degeneration =

a) Tetraﬁ cells roundAoff, and sbout a dsy later, not
having undergone a change either in diemeter or in wall
structure, the pollen grains shrivel, collapse, and gradually
disintegrate. The process is regular and rapid and occurs
with concurrent degeneration of tapetal walls of the pollen

mother cells.

b) Pollen grains formed, increase in size and cell walls



thickened; immediately followed by setting in of shrivélling

leading rapidly to a collapse of pollen grains and tapetum,
¢). Pollen grains formed, partially collapse and remain

without any further degeneration up to the opening of the

flowers, However, the anthers fail to dehisce,

C. Observations relative to possible male-gterility in alfalfa.

Several notable review articles on alfalfa breeding and
its inherent difficulties have been published in -recent years.,
Extensive papers by White (92), Atwood (5), and Tysdal and
Kiesselbach (92) cover therfiéld very completely. It is not
the purpose df fhis thesis to attempt a summaryAreéeating
this work. Héwever, geveral peculiarities of the alfalfa
seed producing mechanism, which may complicate a study of
nmale-sterility, are discussed briefly in this paper.,

(a) Self- versus Cross-fertilization in alfalfa.

Alfalfa is normally a cross-fertilized crop, although
seif-fertilization may also occur except where limited by
self-incompatibility. The amount of natural cross-pollination
in alfalfa has been studied by several investigators. Tysdal
and Kiesselbach (91) report that 89% of the seed produced in
Nebraska resulted from cross-fertilization; Knowles (56) in -
Saskatchewan reported 94.2%, Burkart (18) found 84.5% crossing
in Argentina, and Hadfield and Calder (46) reported 44% in
New Zealand. |

Cross-pollination produces a much higher average number
of seeds per flower pollinated then self-fertilization; in

fact, Cooper and Brink (31) report a net fertility 6 times
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as high per flower pollinated after crossing as after selfing.
Tysdal and Kiesselbach (91) state that a consideration of self-
fertility rélamionships‘in‘alfalfa is of paramount importance,
and plant breeders should select highly self-sterile plants.
Not only are more pods set following'cross- than self-fertil-
ization but more seeds are formed per pod. This is borne out
by many workers: Lesins (60) in Sweden, Armstrong and White
(3) in Canada, Hadfield and. Calder (46) in New Zealand,

Tysdal and associates (91, 92), Carlson (22), Cooper and
Brink (31, 32) among others in the U,3.A. Self-fertilization
not oniy results in a marked decrease in seed production, bhut
also to a lesser degree in vegetative vigour (46), whereas
cross-fertilizéﬁion results in a measure of heterosis. Hadfield
“and Calder (ibid) found that 65 seedé weré formed per 1bo
florets trippred and open-poilinated, and when the florets
hand-tribped and the plants bovered 43,0 seeds were formed

per 100 florets tripped. Piper and associates (69) in a series
of éxperiments in 1912-l914 chserved that total séed prod-
uction and number of seeds per pod was more than doubled

on open-pollination over self-pollination. (IfllOO% crossing
were then possible, alfalfa seed production would be increased
by 50 - 100%.

(b) Is-tripping necessary for alfalfa seed production?

‘A.morphological peculiarity of alfealfa flowers that
further complicates the picture of sterility is the necessity
of "tripping" of the flower before fertilization can be '

effected., According to Coffman (29), DeCandolbe (35) in 1832

-
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gave the firét explanation of the tripping process in which )
he stated that the explosion of the flower takes place when»a
certain stage of its maturity is reached., Hildebrand (again
quoting Coffman(ibid)) believed as early as 1866 that fert-
ilization may take piéce in untripped flowers. Brink and
Cooper (15) observed pollen germinating within untripped
flowers and pollen tubes entering the styles even in the late
bud stage. Carlson (22) found 27% of the flowers producing
seed without tripping in Uten in 1930. Hay (47) in 1925 found
that 5.9% of untripped flowers set seed. On the other hand{
Armétrong and White (3) write that pollen tubes only penetrate
the stigma when the stigmatic surface is ruptured. However,
they did find that 0.6% of the untripped flowers showed pollen
germination. They observed a thin membrane covering the
stigmatic surféce which is sufficiently thick and impermeeble
to prevent penetration of pollen tubes and which, if unruptured,
will prevent growth of pollen tubes down the siyle. Stigma_
scarification, and rupture of this membrane, with the release
of the stigmatic content which initiates pollen germination,
is normally achieved when the staminal column is released
from the keei or "tripped" striking -the standard with consid-
erable force. Lesins (60) confirms this theory with observ-
. ations of the stigmatic membrane, and reports the presence’
in one case of a broken membrane in an untripped flower.
Hadfield and Calder (46) write that tripping is a
prerequisite to seed production., Blinn (8) in Colorado

reporting on the results of an experiment on wtripping " wrote
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in 1920 that "there was no clear evidence that bees or other-
insects were essential to alfalfa seed production. ?ertilization
can and does take place without insects", and that fripping

is not necessary fof seed production. Brand and Westgate (11)
in 1909 stated that pollination is not effective until flowers
are tripped. Burkill (19) wrote that alfalfa pollen was shed.
in the bud stages, to which Coffman (ibid) agrees and adds

that tripping is not necessary for seed pfoduction.

The question has aroused many papers and is still un-
answefed. It agppears to this writer that the presence or
gbsence of a stigmatic membrene may rest upon a genetic factor
or upon a fnysiological regponse, The presence or absence
of this membrane appears to be the determining factor in
whether or not pollen can fertilize the ovules or grow in
the styles whether trippgd or not tripped.

The tripping of flowers is normally performed by bees,
and Peck and Bolton (68) in 1946 showed that the native bee
population waé oftenrthé limiting factor in alfalfa seed
production in Northern Saskatchewan and Alberta. This view
although contrery to that of Blinn (ibid), is generally
agréed upon by the gcientists working in this field. An idea
of the importance attached to the role of insects in relation
to tripping and deed setting in alfalfa, can be gleaned by
the report of the Twefth Alfalfa Improvement Conference (1)
wherein 9 out of the total of 23 ﬁapers read dealt with this
phase of seed production.

Dwyer (37) in 1932 reported instantaneous tripping of
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all flowers at 1045F under most diverse moisture conditi§ns
providing the flowers are in a fresh turgid condition,
Armstrong and Whité (3) state that the controlling factor
appears to be duration and intensity of hours of sunshine,
Dwyer (ibid) also believed wind to be an important agent of
pollen dissemination and insects to play a minor role in
pollination, However, this view is certainly not agreed to
by the majority of workers.

Kirk (55) reported on the finding of an autogamous
alfalfa;which;is self-tripping. Mtomatic tripping of anto;
gamous alfalfas occur when "the dynamic force present -in the
staminal column is sufficieﬁtly greater than the static force
pre%ent in the keel to cause the tripping mgchanism to
explode simultaneously" to quote Armstrong and White (3).
Southworth (85) attempted to raise a high seed producing

line by hybridizing M. lupulina (self-tripping) with M. sativa

(nbt self-tripping). He hoped to produce a self-tripping
high seed setting alfalfa, and achieved a condiderable measure
of success in experiments runaning over 20 years. However, use
of highly self-fertile, self-tripping lines is undesirable in
developing synthetics, because the seed yields from open |
progenies from such lines is similar to the seed yields from
their selfed progenies (87).

In the past fe@ yeérslthe utilization of hybrid vigour
to dbfain maximum productivity of the concerned plants has

assumed importance to many scientists. As Bohn and Whitaker

(9) point out, male-sterility enables seedsmen to produce



hybrid seed comparatively easily and cheaply.

Clarke end Fryer (27) writing on seed setting of alfalfa
in 1930. found that many piants Produced high percentages éf
sterile (empty) pollen grains. The pergent varied among plents
but remained cénstant for particﬁlar plants even when the
pollen was produced under different conditibns. In 1929
counts were -obtained from a number of alfalfa plahts which
were Setting rractically no seed under field conditions:
empty grains ranged from 50 to 90%. However, plants from a
normal field contained from 3 to 48% sterile pollen. .

Armstrong and White (&bid) add to this in 1935 that plants
having a high percent of sterile pollen were deficient in
amount of pollen as well; a high proportion of shrunken pollen
grains seems "associated with faulty dehiscence of the amther s",

Tysdal and Kiesselbach (ibid)(91) stated in 1944 that
male sterility had not been identified in alfalfa, but that

its possible use and ocourrence should not be ignored.

STUDIES IN FIELD AND LABORATORY.

A - Moterial and methods (e) follm studies

During the summer of 1949 investigations were begun to
determine the presence of male-éterile lines of alfalfa at
the University of British Columbia farm;

A microscopic examination of the pollen, produced by the
910 clonal lines of Rhizoma alfealfa maintained by the Dep't.
of Agronomy, was carried out, Several racemes represeﬁtative
of theée lines were clipped while in a fresh turgid state and

6arried, with their exciged ends in fresh water to the labor-
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atory. Here 3 fresh florets were selected at random from each
sample and tripped on a microscopic slide. The pollen was
mounted in mineral oil and cover slips affixed. The slides
were examined under the 125x power of a Reichert feseardh
binocular-microscope for éuantity and éuality of pollen grains.
Several gamples were observed of the lines at either ends of
the quality distribution curve, _

Following the method outlined by Burton(21) in 1944, the
pollen was assessed a mmmerical value of 1 to 5 both for |
quantity and quality. A production of very few pollen grains
received a numerical rating of 1; large quantities of pollen
was asseésed & numerical rating of 5, In the case of quality,
a nunerical rating of 5 repregented polien of uniform large s
gsize and proper shape with an sgbsence of micro~pollen or.
shrivelled dried-up pollen, (Warmal proper shape is rounded,
gemi-hyaline and finely pitted.) A wvalue of 1 représented-
polien'thaz waé shrunken, shrivélled or micro-pollen,

44 clonal lines produced no flowers during the summer
so could not be categorized. On the basis of the first exam—~
ination, 44 lines were rated 5 for quality of pollen; and 5
lines were tehtatively designated as "sterile" as all pollen
that was produced was either shrivelled or amorphic. New
glides were made up for these 49 lines, and the pollen was
recategorized. This time, 20 of the 44 lines rated 5, were
again rated 5 both for quantity of pollen and quality of
pollen, One of the go-called sterile lines, showed a prod-

uction of pollen, so was given a higher classification. The



=38=

remaining 4 "sterile" lines showed on all observations, in
the ‘cases oanny polien production at all, only shrunken,
shrivelled pollen. Table I shows the categorization at this
date,

2 clonal cuttings of each of the‘zd lines designated as
"high pollen producing lines" (See’Tables I and II1), and
5 cuttings of each of the 4 lines désignaméd igterile! (See
Tebles I and II) were made, and planted iﬁ the greenhéuée
Novembef 4 and'October 3L, 1949 respectively.

The cuttings grew well in the greenhouse and through
the use of artificial light were "forced" into flower in
April, 1950, Pbllen from the different iines was again
exanined under. 125x with résults comparable to the previous
gummer's observations. (See Table I). None of the lines
designated as ”male-sterile? broducéd viable pollen,

.The plants were transplanted from the greenhouse to the
Alfa;fa Nursery plots in May 1950. Pollen was examined on
the 18th of September, 1950, under 125x, with results as
shown in Table I.

A pollen exsmination of the following varieties of
alfalfa, contained in the Alfalfa Nursery plots at U.B.C,,
was also undertaken in 1949 and 1950 for the'presence-of>
male-sterility. In 1949 Viking, Ranger, Grimm, Ladak, Ferax,

Buffalo, Don (creeping M, falcata), and M. lupulina pollen

was examined élong with pollen from 4 strains of Rhizomas
H71P27, H7, H68, H190, which were not inqluded in the

previous-pollen examination., In September 1950 an examination
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of the pollen from the above plants was conducted plus the
following lines: Grimm Summerland S274, Grimm Vidarshov,
Grimm Saskatchewan 666, Grimm Saskatchewan 451, erect M, fal-

cata, Nemaston, Kansas Common, Atlantic, Oregon Creeper I and

11, M, ruthenica, M, glutinosa, Hunter River lucerne, Boébor—

oogle lucerne, and Austrazlian creeping lucerne. In none of

the cases examined was any male-sterility observeé.

(b) Self-pollination studies
BN counted number of florets of each of the selected
lines (Teble II) were self-pollinated by the following proc-
edure during the latter part of July and the first part of
fugust, 1950, '

Racemes containing fresh untripped florets were selected
and all leaveg, buds, terminal growth, and opened flowers were
cut awéy with scissors leaving a maximum of 10 untripped
florets per raceme., The raceme was washed to remove any
adhering foreign pollen on the standards by dipping in clean
water., When dry, the florets were artificﬁally tripped by
inserting the points of a closed pair of scissors (sterilized
between lines with ethyl alcohol followed by.a wash) between
the standard and the keel, and opening the scissorsi»This
caused the staminal column to be released from the keél and
stike the column with some force.

After the florets of a raceme were tripped, a cellulose
bag was secured over the raceme to exclude any insects that
might effect cross-pollination. (Stevenson and Bolton (87)

found that cross-pollination occurred in alfalfa if foreign
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pollen was applied one hour or possibly longer after tripping
where flowers had not been emasculated., Tysdal and Garl (§4)

found that if foreign pollen were added to untreated stigmas

in addition to its own, the foreign Pollen would be the active
agent in fertilization 70-98% of the time)

The cellulose bags were removed in a‘weeks time to
preveht mildewing and to allow any seed formed to ripen. The
racemes -had been tagged previously so that they could be
identified. The developed pods were harvested periodically
when nearly ripe and allowed to ripen in the laboratory.
When ripe, the seed was threshed by hand and counted. (See
Table II).

. Thé'seeds were planted in flats in the greenhouse in-
Octdbér 1950, and transplanted in December to other flats
(40 per flat), and overwintered in these containers. They
will be transplented to the Alfalfa Nursery in May 1951 for
possible use in future genetical studies. '

1 plant resulted from the 5 deeds obtained by selfing
"gterile" line 144-11A, and 1 plant from the 1 seed obtained
from "sterile" line 91-10B. Only the latter plant was in
flower by April 25, 1951,Aand a pollen examination of these

flowers was carried out.

(e) Open-pollination studies
| All seed pods, when nearly ripe, were collected_
at intervals of a few days from August 1lst to the firet part
of October 1950, from both the "male-sterile" and high

pollen producing lines, The seéds, when ripé, were threshed
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and counted with results as shown in Table III. The open-
pollinated seed from the "male-sterile" pbaﬁté was planted in
flats in the greenhouse in Hovember 1950, and 100 plants of
each line were transplanted to 5" pots in late DPecember.

The plants began to flower 6n Aprilvll, ané microsoopic
slides were prepared daily of the pollen from the flowers as
soon as they unfolded from the bud. By April 25, 71 plants
of the 20-DRC line had flowered, 12 piants of 142-10B, 41
plants of 91-103, and 44 plants of the line 144-11A had come
ingo flowe;;fiMicroscopic slides of the pollen from these
plants was exesmined undexr 125X on April 26, with results as
shown in Table 6,

B - Observations

Pollen showed a great amount of diversity both in shape
and size. 7PYollen varied from normal, rounded,semi-hyaline,
and finely pitted; through elliptical, striated, and with
dense cytoplasm; to irregular, angular and of large size,
Also observed was very small pollen of normal shape and
density (designated 'micro-pollen'),and dark, amorphous,
very small granular bodies (designated 'sborted! pollen). On
the basis of pollen examination 20 lines were selegted ég
‘being superior pollen producers, and 4 lines were gelected
as possessing "maie}sterility".

The high pollen producing lines all produced a large
quentity of pollen (with a few exceptions) of uniform
excellent quality eicept 3 liﬁes which préduced,gthe second

year, some micro-pollen and shrunken pollen. The results



-42}

are tabulated in Table I.

The examination of the varieties other than Rhizoma was
oarriéd out as a check: most produced very good pollen and none
showed any male-sterility., However, we had only é plants of
each variety in the nursery plot to make observations on, so
the examination would hardly be significaent.

The lines designated as "male-sterile" were observed in
the méin production field in August and September 1949 with
the following observations recorded, The original 20-DRC line
was complete and showed superior vegetétive growth. Only 2 -
plants were living in the original clonal row of 91-10B: both
being healthy, vigorous plants. Clonal row 144-11A had only
one poor unvigorous plant left in the row, Clonal rOW'l42-lQB
had only one plant,. elthough vigorous and healthy, remaining.
The original observations on the pollen taken in 1949 of all
the selected "male-sterile" and " high-pollen" lines are
containéd in Table I,

| In a crifical éxamination of the pollen of the "male-
steriie” lines on 18 Sept. 1950 the following observétions
were made,
20-DRC: No loose pollen. The pollen sacs appear full of a
dark amorphous substance..
142-10B: Very little good pollen, mueh aborted. ZFollen sacs
full o-f.granular dark substance. .
144-11A: Approximately equal amounts of good pollen with
misshapen, irregular, shrivelled pollen; however there was not

very much of either,
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91~10Bs Very little pollen was produced, but it seemed normal
pollen although very small in size (micro). |

On self-fertilization 20-DRC and 142-10B produced no
seeds; whereas 144-11A produceé L0427 seeds ﬁer floret selfed,
and 91-1QB produced ,008 seeds per floret selfed. These
amounts of seed setting agree very well with the results
ag.observed on the amount of pollen produced by these lines.
(See Table I)

Ofléhe:hdrmal or high pollen producing lines 0.654 seeds
were sed pe:/floret gelfed, with a range from 0.009 to_l.8?7
seeds produced per floret selfed. (Clarke and Fryer (27) found
0.44 seeds set per floret selfed in Saskatchewan in 1930.

Cooper and Brink (31) found that an average of 0.80 geeds

were get per floret selfed with a renge of 0.16 to 1.,76.
This egrees fairly wekl with my findiggs.) "

‘Shrivelled, small, and discolored seed constituted 34.84%
of the seed produced on selfpollination, and 16.19% of the
seed produced on open~pollination, (See Tables II énd III)

The amount of seed produced on self;pollinéfion iéiéﬁow
in Table II, and on open-pollination of the same lines in
Table III.

An examination of the pollen from the 71 ,Fy plants of
the 20-DRC line that had flowered at time of reporting showed
2 planté that produced no pollen at all, and 7 plants that i
produced only very shrivelled, misshapen, amorphic, apparéntly
sterile, pollen, The 2 plants producing no pollen at all
had ewmpty pollen sécs in abundeance, but no'signs of pollen,

excepting a very fine dust like debris which may be the remains
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of early =zborted pollen.

. An exemination of the pollen from the 44 Fy plants of
the 144-11A line showed 4 plants that produced.empty pollen
sacs without a vestige of free pollen, and 2 plants that
produced the éhrivelled, amorphic, apparently sterile pollen
as observed in the 20-DRC segregates. o

The pollen from the 41 Fq plants of 9l-lOB,showed 1l plant
that failed to produce polleﬁ, and 5 plants thét produced
only misshapen 'sterile' pollen.

Line 142-10B had only 12 F; segregates in flower by )
April 26, 1951, and of these, 6nly 1l plant appeared to produce
pollen that éould be degignated 'gterilet,

Table VI shows the frequency distribution of the pollen
of the F1 seéregates of the 4 male-sterile lines as they
were observed on April 26, 1951. As previously outlined,

a value of 5 indicates pollien of uniform, semi-hyaline,
rounded shape. 1 indicates pollen that is misshapen and.
probably sterile or incapable of germination. A value of

0 indicates an absence of pollen., The intermediate grades
indicates pollen of intermediate quélity. That is, a value
of 3 would indicate the presence of rectangular, striated '
pollen. A value of 4 would designate the presence of normal
pollen and also the abnorﬁal pollen of 3. A value of 2
indicates the presence of presence of aborted pollen along

with both the normal and abnormal.



TABLE I - RESULTS OF POLLEN EXAMINATIONS.

LINE OBS. AUGUST 1949 0BS., 18-24 APRIL 1950 OBS. 18, SEPT. 1950.
- Quan, Qual.,. Quantity Quality Quantity Quality
20-DRC ' 0 0 - 0 0 0
91-10B 2= 0 1l 1 1+ 1
142-10B 0 0 0 0 0- 0
144-11A : 2~ 1l- 1 1 3 2
106 -DRC 5= 5 5 5+ 5 4+
37-10B 5 5+ 4+ 4+ 3 4+
68-10B 4 S5 4+ 3- 4+ 4-
8§3-10B 5 5« 5- 4 5- S5e
102-10B 5- 5 5 4 5 3 ﬁ
103-10B 4+ 5= 5 4+ 5 3
128-10B 5= 5 5 4+ 5 5
144-10B 5+ 5= 5 5- 5 4+
15-114 e 5w 5 5 4+ 3- #
30-11A 5~ 5~ 5 4+ 5- 5
34-114 5w 5 5 5+ 5 3e #
35-11A 5~ 5= 5 5+ 5 4o
59=11A 5« 5= 3 4. 5+ 4+
71-11A 5= 5~ 5 4+ A+ 4+
13=11A 5= S 5 5+ 5- de
81-11A 4+ S5« 4+ A+ 5 A+
94-~11A 5= 5e 5.- 5- 5 4+
95=11A : 5 56 4 5w 5 5-
90-11B 5+ 5~ Se 4+ S5a 5
115-11B 5+ S5a 4+ 4- 5 5

Note: # indicates presence of micro-polden or aborted pollen.

—g:b_



TABLE II - SEEDS PRODUCED UPON SELF-POLLINATION.

34.84%

Line Full seeds Small brown seeds Total seeds
No. % total
Male~-sterile lines
20-DRC €] 0 - 0 2117
142-10B 0 0 - 0 142
. 144-11A 5 0 - 5 117
91-10B 1l 0 - 1 118
High pollen producing lines : .
IOE-DRG 118 20 14.49 138 106
37-10B o] 1 100. N 106
68-10B 8 10 55.56 18 105
83-10B 172 21 13457 199 106
102-10B 10 41 80.39 51 106
1032-10B 24 14 36.84 38 107
128-10B 44 15 25.42 59 99
144-10B 125 12 8.76 137 100
15-114 217 31 " 53.44 58 108
30-114 25 11 - 30.56 36 103
34-11A 85 8 8.60 93 103
35-11A 60 33 - 35.48 93 110
59-114 106 20 15.87 126 105
71=-11A 5 1 16.67 6 103
73=11A 25 13 T 34,21 38 106
8§1-11A 12 0 - 12 100
94-11A 39 71 " 64455 110 169
95-114A 10 16 18.60 86 103
906-11B 5 12 - 170.59 17 48
"115-11B 33 5 13,16 38 107
Average

No. floreﬁs'selfed Seeds[floret

0

o
0.0427
0.,0085

1.302
0.009
0.171
1.8717
0,481
0.355
0.596
1,370
0.537
0.350
0.903
0.845
1.200
0,058
0.358
0.120
1.009
0.835
0.354
0.355

Average 0,654 seeds
per floret selfed.



TABLE III -~. SEEDS PRODUCED UPON OPEN-POLLINATION

Line Full seeds Small brown sceds Total seeds No. of plants Seeds/Plant
No. % total
Male-sterile lines ' -
20=-DRC . 491 89 15.3%4 580 5 116
142-10B 258 139 35,01 391 5 79 .4
144-11A 528 " 111 17.37 639 5 127.8
91-10B 9209 60 619 969 5 193.8
High pollen producing lines. '
TE%;DRG "295 44 12.98 239 2 169.5
37-10B 691 54 . Tel9 151 2 37545
68-10B 14 20 21,28 94 2 47.0
83-10B 1314 3176 22425 1690 2 845.0
102-10B 654 58 - 8415 712 -2 35640
103-10B 113 31 3.86 804 2 402.,0
128-10B 41 54 56.84 95 2 47.5
144-10B . 354 18 18.06 432 2 216.0
15-11A 400 54 11.89 _ 454 2 227.5
30-114A 86 .46 34.85 132 2 66.0
34-114 622 36 5.47 658 2 329.0
35-114A 569 108 15.95 611 2 338.5
59-114A . 470 69 12.80 539 2 269.5
71-114 106 6 5.36 ‘ 112 2 56,0
13-11A 1165 118 - 9.20 1283 2 641,5
81-11A 565 148 20.76 713 2 - 35645
94~11A 368 53 12,59 421 2 210.,5
95=-11A .309 . 52 14.40 361 2 18065
90~11B 550 ‘ 61 9.99 611 2 305.5
Average 16,19% v Average 287.8 seeds
’ . per plant.,

-.-A?-



CORRELATION OF SEED SET UNDER OPEN & SELF-POLLINATION.

TABLE IV

Seed . set

At n-2 (18) degrees of freedom, tabled t equals 2.101 at

z 0050

;eance can be asserted to the correlation coefficient. That

Line
Openepollinate&
#”eeeds Rank
68-10B 417 1
128-10B 47.5 2
71-11A 56 3
30=-11A 66 4
106-DRC 169.5 5
95=-114A 180,5 6
94-11A 210,5 1
144-10B 216 8
15-11A 227.5 9
59-11A 269.5 10
90-11B 305.5 “11
115-11B 316 12
. 34-11A 329 13
' 35-11A 338,5 14
102-10B 356 15
81-11A - 35645 16
.. 37-103 37545 17
103-108 402 18
73~ 11A . 641.5 19
83-10B 845 20
ﬁaigg;ranking.cor?elatien_
€x = 210
{£2  2581.0
({x)2: 44,100
S.8., = 376
fzy =
T =
t =

~ i1s, there is no correlation.

S6lf-pollinated

ﬁ seeds. Rank
0.171 4
0,596 12
0.058 2
0.350 5
1.302 18
0.835 13
1.009 16
1.370 19
0.537 11
1.200 17
0.354 6
0.355 Te5
0.903 . 15
0.845 14
0.461 10
0.120 3
0.009 1
0355 Te5
0.358 9
1.8171 20
¥y = 210
(€¥)%+< 44,100

SeSey = 37645

-4 8=

Galculated t is smaeller than tabled t 80 no signif-
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TABLE V

RANK CORRELATION OF SEED SET‘UNDER OPEN & SELF-POLLINATION
USING WILCOXON'S (98) APPROXIMATE STATISTICAL PROCEDURE.

(Rénks as assigned in Table TV)

Open-poll. Self-poll. Rank totals (Rank totals)?
1 4 5 25
2 12 14 196
3 2 5 . 25
4 5 9 : 81
5 18 23 529
6 13 19 361
17 16 23 529
8 19 29 : 729
9 11 20 400
10 17 27 T 1729
11 6 117 289
12 75 19.5 380
13 15 28 784
14 14 - 28 784
15 10 25 625
16 3 o 19 361
17 1 - 18 4 324
18 Te5 2545 , 650
19 9 28 784
20 20 40 1600
'~ 10, 185
r.‘x__z_r."lo
p=-1 ,
2. = 12 Sum (rank totals)? - 3n(p+1)
x°r ap (p+l) -
n = 20 p = 20 (rank totals) = 10, 185
x2r = é973£§2 - 126

=" 145.5 - 126 = 19.5

r = %%;2 -1 = 1.03 =1 = +,03

To test whether this differs significantly from zero it may be

compared with its standard error whiech is 1/J/ p-1 or 1//19

= 1/4.66 = 227, The ratio .03/.227 equals .132, and there-

fore the correlation cannot be considered significant as its

Yalue)(+.03) is less than one gquarter of its standard error
«227) .-



TABLE VI -

FREQUENCY DISTRIBUTION OF THE POLLEN CLASSES OF THE F1 SEGREGATES OF THE

20-DRC
144-11A
91-10B

142-10B

Totals

Note

Quality category 1 indicates that no viable appearing bollen is present

4 'MALE-STERILE' ALFALFA LINES ON APRIL 26, 1951.

~

No. oiﬁp;antg
sxamined

11
44
41
12
168

Category for
4 -

quality of pollen

Quality category O indicates that no pollen is produced.

5 3 2 1 0
2 10 22 28 1 2
0 2 8 28 2 4
0 3 12 21 5 1?
0 0 7 4 1 )
2 15 39 81 15 1

“=0G~



C - Discussion. ,
] ) out of over & thousand liwes cx dwmincd
Lines 20-DRC and 142-1Q%\show congistent lack of viagble

pollen and produced no seed bn selfing, and as such can be

congidered mele-sterile, 20-DRC being extremely vigorous and

a fair seed setter upon open=-pollination is worthy of further

study. 142-10B, although showing male-sterility, is weakly ,

vegetative and low in seed setting on open-pollination. Due

to thege reasons 142-10B does not po:zsess the same wvalue
agronomically as the 20-DRC line; but even considering these
factors it is felt that it is also worthy of further study. |

It was noted that the Fi segregates of 20-DRC were much

further advanced than %hose of the latter line right from

the seedling stage. This is further evidenced by the fact
that 71 plants of the 20-DRC ¥y were in flower by the time

12 142-10B F; were at the same stage.

Lines 144-11A and 91-10B appear to possess partial male-
sterility. 91-10B, in spite of there being only'z rlants left
in the main clonal row, and the fact that it produced seed
on selfing, is worthy of further study due to its excellent
gseed set on open-pollination and its very low percentage of
 gmall, brown discolored seed. Although the same objections
can be applied to line 144-11A, it is felt that it is espec-
ially worthy of further study as 9.1% of the Fj segregates
showed a complete absence of pollen when examined on Amil,
.26,_1951.

Line 37-10B appears to possess a self-incompatibility

factof. This line appeared well above the average in seed
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set upon open-pollination, while only'OuOOQ seedsAwere gset
per floret selfed on self-pollination.

The production of small, brown, discolored and wrinkled
seed was greatly increased by self-pollination (34.84%) over
open-pollination (16.19%). (Carlson and Stewart‘(24) ‘reported
in 1931 that shrivelled, dicolored seed ranged. from’7.7% to
27% for a 4 year average. They found that an incresse in
shrivelled dicolored seed was expected late in the season
due to insufficient time, before freezing weather, to produce
full seed. However, in our case, the gself-pollinated seed
was collected during the same periods as the open-pollinated
seed, so the difference cannot be explained on this basis.
wWhatever, the reasoh there is a significant difference. It
is possible that partial incompatibility or delayed somaiof
plastic‘sterility may be the cause of the difference observed.

The résults of the limited F, segregation for the 4
'mple-sterile' lines as reported.in'Table VI do not appear
to conform to common Mbndelian raxioé. 20;ﬁRC produces
male-steriles in the ¥ in a ratio of 1 to 7.9 tothe male-
fertiles. 144-11A préduced male—steriles to male-fertileg in
g ratio of 1:7.3., In 91-10B the observed ratio was 1:688;
and in 142-10B appeared 1:8,3,., If the male-sterility was
inherited as simply receséive to ﬁalé-fertility no male-
sterility should appear in the Fy.

However, whatever the mode_of inheritance, which will
undoubtably be complicated by polyploidy, the Fq segregation

does show that the observed moale-sterility is inherited and
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and is not wholly attributable to environmental modification;
.However, before an explanation of the mode of inheritance can
be resolved on a genetical basis, a more complete count of the
¥y should be obtained, along with Fo and backcross segregation
data. "

To determine the underlying features of the male-sterility
a hisfological (and possibly a cytological) examination of the
stamens'will have to be performed, However; from the dbservaxions
made, an estimate of the cause can be made, As the Fj segreg-
‘ation and obserVaxions are by no means complete or final, this
epgtimate is drawn from the observations on the parental 4
"male-sterile' lines.

In the line 20-DRC, no normal pollen was produced, sand
the pbllen-sa@s appeered full of a dark, amorphous granular
substance, These granular bodies could probably be units of
tetrads cemented together with division arrested, followed by
shrivelling and a‘resultant'intensifying of the cytoplasm to
give the dark cploration. No differences were observed in
the gross morphology of the male-sterile and the male- fertile
flowers; nor in the stamens or in the external features of the
pollen sacs. It is felt that a histological study of the
pollen-sgacs woﬁld be well worth while,

In line 142-10B the pollen sacs in most instances appeared
full 6f the same dark amorphous substence as in the preViously
Vdiscussed line, but at the sarme time some normal pollen was:
produced. No seed was produced on self-pollination. However,
the fact that some normal pollen was produced at timeé, allows

the tenetative conclusion that either the male-sterility is
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incomplete or that the degeneration of the pollen is effected
very late in microsporogenesis and that all pollen-mother
cells are not equally affected.

In the line 144-11A approximately equal amounts of good
pollen were produced with misshapen, irregular, shrivelled
pollen.(although very little of either)., At the same time a
few pollen sacs were observed which apﬁeared devoid of contents.
On selfing 4.27% seed was produced by thig line, Howevér, the
¥, segregation éives»4 Plants out of a total of 44 plants
observed to produce no pollen at all (on the basis; of course,
of a single examination). It would appear that in this line,
that the male-sterility factor, although present, is of low
penetrance, The empty pollen sacs could be explained on the
basis of the male-sterility factor causing a breakdown very
early, or at the onset, of meiotic division; in which case,
no remainsg of the pollen wouid be observed,

In the fourth iLine, 91-10B, 0.8% seed was produced on
selfiﬁg, and altihiough the pollén sacé appeared empty on a
pollen examiration, a small amount of normal, althougn minute,
pollen was produced, In normal microsporogenesis,-after the |
final division of meioéis, the tetrad resolves itself into
pollen grains, of irregular shape, who feed and grow and round
| out, It appears that in this line, the pollen giains were
ﬁormed; but did not grow: in which case, it is possible thai
the male-sterility factor affected the tapetal layer. However,
an andwer to this can only be obtained by farther stu@&.

Seed production of the high pollen producing lines under



self-pollination and open=-pollination was found to be not
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é§¥rélated. However, it was observed that the highest seed
producing line under self-pollination was also the highest
producing line under open-pollination., The comparison of
of the seed set, under the different types of pollinations,
had certain limitationé. A compérison'was magde beiween the
seed;set per floret selfed selfed and the total open-pollin-
ated seed~set of the plant; whereas, it would have been
comparable if an correlation had been attempted between
gseed~get per floret selfed and seed-set pef floret open~
pollinated.

It is felt that the isolation of male~sterility, such
as acéomplished in the past two years work at U.B.C., could
have very important effects on the future of alfalfa breeding.
Male-sterility could be used as the key to open the door to
nybrid vigor, and provide the meens of unleashing some of
the heterosis that is manifested by 2lfalfa, in the ﬁajority
of cases, when it results from hybridization.

In the nursery plot at U.B.C. there are several rofws
of plants resulting from cross-pollination and beside them
several rows of plants resulting from self-pollination.
These plants are 1% years old only, and the cross-pollinated

plents, without exception, are so much larger, more spread,

and more vigorous than their selfed counterparts that the
contrast is startling. When one thinks Qf what this means,
when it can be considered that, through the use of use of
male-sterility, whole fieids cen all be planted to hybrid

geed, the potentialities are unlimited.
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However, a lot of testing will have to be done Before
the production of hybrid seed through the employment of male-
sterility can become a reality or feasible on an economic
scale. The male-sterile lines will have to be checked care-
fully fof agronomic suitability, and combining ability with
the desired male-parent lines., Nevertheless, it is felt, and
strongly too, that the maieesterile lines have greatvpoteht-
iglity in a hybrid vigor program.

SUMMARY

A pollen study of spproximately 1000 lines of alfalfa
grown at the Universgity of British Coluwmbia, and embracing
most of the common &lfalfa varieties, revealed 4 lines that
exhibited male-sterility, and 20 lines that produced very high
quality pollen. These lines were clonally propagated in the ‘
fall of 1949, overwintered in the greenhouse, snd transplanted
to the Nursgery plots at U.B.C. in May_l950. A counted number
of florets were selfed‘of each line; and open-pollinated seed
was collected. No correlation between self- and open-pollinated
seed set was observed. 2 of the male-sterile lines produced no
seed on selfing, and 2 produced very small quantities.

The F1 segregation for male-steriie: male fertiles were
as follows: 1:7.9, 1:7.3, 1:6.8, 1:8.,3 in the plants grown
from open~pollinated seed of the 4 male-sterile lines.

Possible modes of inheritance and causes of the observed
male-sterility is discussed.

Literature on male-sterility and incompatibility is
reviewed. No references were found citing male=-gsterility in

alfalfa.
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B - IHE WITCHES' BROOHM VIRUS DISEASE OF ALFALFA IN B.C.

INTRODUCTION

Although'Witches' Br oo of Alfalfa was first reported in
B.C. only recently (1932 - Foster (17)), the disease has been
recognized in Australia for 40 to 55 yéars. However recent
its dicovery in this province, the diéease ié developing into
gerious proportions in parts of the Interior. The ravages of
the digease had assumed enough imporfance by 1948 thai.the.
Department of Agronomy at U.B.C, felt the neéd for some invest-
igation into the nature and extent of the disease, Since its
discovery in North America, Witches' Broom of Alfalfa has as
yet received comﬁaratively little axtention‘due probably to
its apparent sporadic occurrence, In Australia, on the other'
nand, the diseaseAhas been sufficiently serious to command
continuing financial support of fairly extensive investigations.

Investigations performed in Anstralia and ih the United
Staieé has shown the disease to be caused by a virus and to
be difficult to trensmit mechanically. The pathogen is N
probably disseminated by insects. Symptbmology is well desc-
ribed by a number of workers: Edwards (12), Menzies (34), and
smith (42)., However, very little basic information has been
acquired éo far on the true nature and fundamentals of thé
disease,

Out of the studies.initiaxed at U,B.C. in 1949, data
regarding spread, distrivpution, seriousﬁess are to be acquired

along with information regarding any resistance inherent in
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members of the genus Medicago. The final goal is the prod-
uction of strains or varietieslcépable of resisting the
diseagse., It is hoped that information on methods of trans-
‘mission, insect vectors of the disease, and the host range
of the virus will be obtained by blant pathologists and
entomologlists,

A program, such as outlined, will require many years to
consummaté. Therefore, my part of the investigation will
conéist of sefting up foundation experiments, and the comp=

ilation of data of other workers relevant to the investigation.
(<]

LITERATURE REVIEW

A, - History and. dlstrlbutlon.

Witches'! Broom of Alfalfa was first recognized as a -
disease in Australia, lMcCleery 36) reported that in 1924 the
diseaée was prevalent throughout the drier parts of New South
Wales. Noble and associates (39) reported in 1947 that, of
the 417,000 acres under lucerne (alfalfa) in New South Wales,
235;000 acres occur in areas where the Witches' Broom disease
is known to be very prevalent., In these areas; the disease
is considered to be the main facior limiting the profitable
life of lucerne stands. ZEconomic stands could only be main-
tained 4 to 5 years before ploughing up and resowing was
necessitated. In areas where lucerne was grown for seed,
the digeased plants represent a total loss, as seed is not
produced normally.

Edwards (12) reportéd in 1936 on investigations into the

disease which began in 1931 (with preliminary work dating



back to 1929), At that time he reported the disease to be.
very widespréad throughout the inland areas of New South Wales
where, under an average annual rainfall of 17 to 21 inches,
lucerne is grown for grazing purposes., Fields that were 4 to
5 years old showed 20 to 26% infection while stands more than
7 to 8 years old commonly showed 70% infection. vHowever, he
reported that the Witches' Broom disease is not khown to occur
in crops less than 15 to 18 months old. Edwards (ibid) also
reported the disease to be present, although less’sevefe than
in New South Wales, in Queensland, Victoria, and South
Mustralia.

The first North Americen reco;d of Witches' Broom of
Alfalfa was made by Haskell (20) in 1925 with observations of
the disease as affecting some plants in Salt Lake County Qf
Idaho. In the same year, Richards (41) reported the appear-
ance of the disease in Utah. In 1932, TFoster (17) reported
the disease as occurring in 2 widely di%ergent'paits of B.C., -
but with the cause unknown. Interest in the disease in North
America was crystallized by the work of Menzies (34) in-
Washington published in 1946. At that time the disease dist-
ribution was limited to the area between the Cascade and Rocky
mountains excepting an eastern extension of the disease into
.Alberta, and a single report from Vencouver Island. _

The Canadian Plant Disease Survey Annuai Reports for the
year541922 to 1949 contains 27 memtions of the Witches'»Broom
of Alfalfa, and a chronologicél listing of the citations

points out clearly the trend of the disease. Some references
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to a (possibly related) witches' broom condition in some

other legumes is also cited.

1922-1931: No mention, o
;ggg: Foster (17) reported 2 year old alfalfa plants affeQﬁed_
witli a witches' broom were sent to the lgboratory from Smithers
and. from Sasnichton., He reported the disease as being found

on clover at the same places.,

LQQQ: No mention.

1934: Anonymous. At Lytton and McGillivray's Flats there were

certain patches in the fields, which contained several plants
affected wifh Witcheg! Broom, The disease was also noted in
other fields in Cariboo county'and a single diseagsed plant
was recorded from Summerland.

1935: Anonymous. 10- 27% of the plants in the irrigated
section, Cariboo county, B.C. were infected, being worst in
older fields,

;ggé: No mention.

1937: Jones (37) reported .'Dwarf' to be prevalent in the
Cariboo districts and other parts of the interior of B.C.
1938: Jones (38) reported a few plants of the Ladak variety
were affected at the Agassiz Station, B.C, It was widely
distributed in the interior of the pro&inoe,'principally in
the irrigated areas.

1939: No mention.

1940: Cormack (3) reported about 1% of the plants in a plot
at Edmonton, Alberta, were moderately to severely affected

and many others were beginning to show the symptoms.
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1941: Cormack (4) reported a few plants to be moderately
affected in 3 fields at Cherhill, Alta. 5% of the plants
were dead or severely infected in the plot at Edmonton.
1942: Brink (2) reported the disease to be present in one or
two fields in the Nicola Valley of British Columbia, where
alfalfa stands last for only 3 or 4 years as a resuit of the
disease. Brink (ibid) reported the disease to be identical
with that described in Washington.
1942: Heald and Henzies (22) report the disease to be present
in 4 counties in the state of Washington, and to be serious
in the‘Methow valley area of Okanagon county. They stated .
that the disease was identical with that described by Edwards
in Avstralia (12). ]
1942: Cormack (5) réported the damage from Witches' Broom to
be increased in the plots under observation at Edmonton, Alta,
1943: Woolliams (48) reported the disease as affecting at
least 5% of the plants in a field at Armstrong, B.C.
1943: Cormack (6) reported the disease had advanced somewhat
in the fields at Cherhill, Alta. and also in the plot at
Edmonton, A;ta.
;ggg: Cormack (7) reported‘tham the field under observation
at.Edmonton was so thinned out‘by the disease that it was
ploughed up. In the same year, he reported Qccasional plantg.
of alfalfa were severely infected in a field at Bremner,; Alta,
and in an old plot at Lacombe, Alta,
1945: Cormack (8) reported slight damage in the University

plots at Edmonton, Alta.
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1946: Cormack (9) reported the disease for the first time from
Saskatchewan, wnere it Was aftectlng 2 fields in the White Fox
district and one flela in the Loon Lake district, "
;ggé: Wright (§0) reported that a rélati#ely high proportion
(10 = 15%) of diseased plants occurred in 5-6 year old alfalfa
stands in the North Okanagon. _
1947 Wright (60) reported that 20% of the plants in an eight
yvear old alfalfa field in the Cariboo district were'aifected,
and damage was estimated at 15%. A much lower percentage of
infection was observed in recently seeded stands,

1947: Gilpatrick (18) reported a few plants were infected

in four of the stands examined in central and northern Alberta.
In the same year, he reported a few plants of Alta~swede red‘
clover were severely affected at Edmonton, Alta.

1948: Woolliams (49) reported the disease as being quite
prevalént around Lytton and Lillooet in.B.C., and the odd
plent was affected in a field at Shuswap, B.C. | |
1948: Mead (33) found a trace of the disease in an old field
eagst of Tisdale, Sask.

1948: Thbmson and Lebean reported (43) a few plants were found
affected in 2 stands in central Alberta.

1948: Munro (35) reported a clover plant showing symptoms
resembllng UitCues‘ Broom of Alfalfa in the Cariboo.

1949: Lebeau (31) reported 1nfectlon was 5-tr 3-8l/240 fields
in central Alta. and Peace River district.

1949: Anonymous. A few affected plants were seen in an old

field at Hudson Bay Junction, Sask.

%L

1
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1949: Wright (52) observed Witches' Broom for the second year
in a 1/10 acre piot of alsike clover at the Expt. Sta. Prince
George, B.C.; about 15% of the plants were affected., It also
affected 25% of the plants of Birdsfoot Trefoil (nggg-

corniculatus) in 2 25 foot rows at the sfation. "Witches'

broom was aléo found to be affecting at least 10% of the wild
lupin plants (Lupinus sp. indet.), which grow on uncultivated
land about Prince George. Only 3-4 plants of red clover
growing wild were found affected at Quesnell in the Cariboo
Qistrioﬁ".

1949: Payette (40) reported that in some plots of Ladino white
clover'ax the étaﬁion, Ste. Anne de la Pocatiere, P.Q., Plants
failed to fiower, but instead numerous little leaves developed
giving the agppearance of witches! broom. . The same trouble was
observed in all stands of Ladino clover ovér one year old
ingpected in L'Islet county.'

1949: MacLeod (37) found 5 red clover plants showing symptoms
resembling witcheé' broom in a field in York Co., N.B. |

B - Nature of the losses due to Witches' Broom of Alfalfa.

Witches! Broom of Alfalfa causes a—définite decrease 1in
yield of foragé as a result of the dwarfing, but the chief
gource of loss is the reduction of stands by the early death
of the plant. Infected plants succumb very readily to winter
killing, undoubtably due to their weakened conditibn brought
about by the greatly increased demands on stored food reserves
in the production of "myriads" of proliferations.

Edwards (ibid) reported on a yield experiment in

]
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Mistralia conducted over a period of 3 years (1932-54) to
determiné the effect of the Witches' Broom disease on the
amount of fodder produced by diseased plants under field
conditions, He found that during the period the experiment
was in progress the diseased plants have given a mean yield
of 37.4% less green weight of fodder than the unaffected
plants. |

Seed production is almost totally inhibited in diseased
plantg, The majority of the diseased plants fail to flower,
but occasionally blooms may be produced which are congiderably
smaller and paler in colour than the noxrmal infloresoenée
according to Smith (42). The occasional flowers that are
produced are usually in groups of 2 or 3 instead of the mu}ti-
flowered racemes of the normal inflorescence. Both Menzies
(ibid) and Edwards (ibid) report very little seed is produced
from the diseased flowers in either North America or Australia
regpectively. Edwards (ibid) adds that in areas where lucerne
is grown for seed production'the affected plants represent a
total loss.

C = Other 8lfalfa viruses and virug diseases.

Kenneth Smith (42) lists 4 viruses as affecting alfalfa,
namely:

1) Medicago virus 1 Weimer - causing Common Alfalfa Mosaic

2) Medicago virus 2 Pierce, Zaumeyer and Wade - causing Alfalfa

Mosaic,

3) Medicago virus 3 Weimer - causing Alfalfa Dwarf Disease,

4) Medicago virus 4 Edwards - causing Witches' Broom of Alfalfa.
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1. Common Alfalfa Mosaic,

Previous to 1931, records of field observations
only were made of this disease: the existance of a transmiss-
able firosis of the mosaic type affecting alfalfa had not been
proven experimentally. Weimer (45) tfansmitted it success~

fully in 1931 with the aphid Illinoia pisi. It might be noted

however that in 1922, Dickson (10) working at MacDonald College,

transmitted o mosaic digease of clover to Medicaso sativa

using the same vector.

Vieimer (46) réporting on further studies in California
found no severe losgsses from Alfalfa Mosaic, and stated that
the disease damage was limited to a very slight dwarfing of
most of the seriously infected plants,

The first evidence of the disease in a leaf is the
appeaiance of one or more small, more or less c¢ircular,
greenish-yellow spots. These areas frequently consist of a
yellowish band of tissue'% to 1 nm. in width,Asurrounding an
island of apparently normal color 4 to 2 mm, in diameter.__
There may be one or more concentric rings of green surrounding
narrow bands of chlorotic tissue. The chlorosis spreads until
the rings are more or less obscured.and the leaves sometimes
completely chlorotic. In some severe cases the leaves are
reduced to 1/3 their normsl size, are crinkled and more or
less deformed, Although there mgy be some dwarfing of dis-
eased stems in severe cases, normally there is no reduction
in size. Necrotic lesions have not been observed on the

stems, and the disease does not cause premature defoliation.
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Weimer (46) attempted several mechanical methods of frans-
mitting the comﬁon mosaic disease but with negative results.
He did achieve, as noted earlier, successful trangmission
with the pea aphid (Illinois pisi). The period of incubation
was Tound to be 7 to 14 days from time of inoculation to the
appearance of primary symptoms,

Common alfalfa mosaic, frequently recorded from Calif-
ornias is probably existant in other states. The disease is
favored by moderaiélyﬂcool damp periods in fali and spring,
Interestingly enough, in the last report of the Alfalfa
improvement Conference (1) the disease is not recorded.

2. Alfalfa mosaic.

Weimer (46) considered the virus causing this disease

to be a strain of Medicago wirus 1, as the disease that it

causes somewhat regsembles Common Mosaic., Inasmuch the causal
agent differs in several important propertiés from the former
virus, this pathogen has been considered .to be a separate )
entity and classified accordingly by Smith (ibid). The virus
is sap-transmissable, whereas the former waé not; The vector,

Illinoia pisi, is common to both viruses. VWhereas the former

virus caused a mosaic only of alfalfa, this virus has a wide
host range: Hyacinth bean, adzuki bean, mung bean, rice bean,
common .end Turkestan alfalfa, white sweet clover, crimson
clover, red-clover, garden peas, spring vetch and soybeans
are all infectéd.

Its affect on alfalfa is more severe than .the Medicago

virus 1, in that the affected plants are decidedly dwarfed
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and the leaves are distinctly mottled and crinkled.

Mosaic has been reported by lMacLeod (37a) in 2 fields
of Grimm alfalfa at Fredericton, N.B., and in a field of
alfalfa near Oromocto, N.B. Hurst (26a) reported in 1945
that mosaic affected an occagional plant in Prince Xdward
Island fields. However, in the United Statesv, previous to
1949, the disease was recorded only from Wisconsin,

In 1949, McWhorter (38) reported a necrotic strain of
alfalfa mosalc virus which he igsolated from a2lfalfa and peas
in eastern Washington and Oregon, and which was usually
accompanied by yeldbow bean mosaic. The host range was typical
of alfalfa mosaic, but the thermal inactivation point is 10°
to 15° lower than those previously recorded for that virus |
(62-649C for 10 minutes).

3. Alfalfa Dwarf Digease.

When and where this disease originated is unknown. *

However, in 1919 - 1921 farmers in California south of the
Tehachapli mountains could malntain satisfactory stands of
é.lfalfa for 8~10 &ea;rs, whereas in 1931 stands were seldom
worth maintaining over 3 years. There has been no evidence‘ of
the disease outside of southern California., Dwarf disease is
neinly responsible for the short-lived stands of alfalfa in
this area., The symptoms were first described by Weimer (44)
in 1931, and a short time later the same investigator (47)
showed the virus nature of the disease,

The earliest symptoms of the disease cannot be detected
a‘bove'ground, and Alfalfa Bwarf is very well established in

the root before it is evident in the top. The first sign in



the tops is a shortening of the stems and a slight reduction
in the size of leaves. Blossoming is often retarded or inhib-
ited. Progressive reduction in size of stems and leaves
follows each cutting and is accompanied by a reduction in the
number of buds developed each time, which results in a gradual
reduction in the number of stems., No chlorosis or other color
change is evident until the last flew stems die. In the final
stage of the disease only one stem, or at the mosf a few
stems, are produced and are only a few inches high., Not
infrequently, the leaves of the affected plants are darker
green than healthy plents. In roots, the earliest stage of
the digease, that can be detécted, is a slight yellowing of
the wood just beneath the bark. This yellowing, a result of
gum formation in the vessels; spréads until the entire active
part of the Xylem is involved.

In 1941, Hewitt and Houston (24), struck by the geograph-
ical association of Pierce's Disease of Grapevines and Alfalfa
Dwarf in California, started investigations into the two
diseases, the results of which were published in 1946 (25).
They noted that both diseases were spread by an insect vector
and that they appeared in adjacent areas. Both diseases appear
more frequently and more severely in wet portions of fields or
along ditches or ponds where there is a luxuriant growth of
grasges heavily infested by leafhoppers. Through a series of
experiments they proved that the game 4 s?ecies of leafhoppers
that transmitted the Pierce's disegse of grapevines also

transmitted the Alfalfa Dwarf disease; end that these insects



could effect an intertransmissability of the two diseases,
Root pieces from digseased grapevines were inserted into the
roots of healthy alfalfa plants and transmitted the virus in
12 out of 35 trials; but root pieces from diseased alfalfa,
similerily inserted in the stems of rootéd grape cuttings,:
failed to transmit the disease due to failure of union of thev
scions and stocks. |

In 1949, Houston (26) re?orted the release for commercial
prbduétion of a dwarf resistant strain of alfalfa deﬁeloped
through selection in California common alfalfa. Observations
in fields of California common alfalfa showed that, after
practically 100% of the plants were either dead or badly
- diseased, about.llplant in each 2006 square feet wag still
making’é normal top growth, even. though root symptoms showed
that the plant had been diseased for a period of one to two
years.

A nunber of such plants wefe selected, ffansplanted and,
selfed to produce progeny. The progeny were artificially
inoculated using viruliferous vectors and observed over a.
period of 2 years. A portion of the progeny appeared quite
tolerant to the virus and maintained normal growth 2 to 3
times that of California common check plants. These results
indicated the possibility of selecting a Dwarf resistant
- gtrain from California common, without ¢hénging in any way
the other desirable qualities of this variety. '

. With the foregoing determined, 800 plants showing natural

field resistance were selected and planted in an isolation



block. Here they were allowed to interpollinate naturally

and set seed the following year. Seed was harvested separately
from each of the remaining plants (425Y62he rest had died in
transplanting, showed virus effects, or failed to set seed).A

This seed was planted in 3 row blocks replicated 3 times
in each of 3 counties of Southern California incommercial
fields where dwarf had been very prevalent the past years. The
final results from these plats in the spring of 1949 showed'
that the progeny from 60 to 70 of the original selections
were quite tolerant to the dwarf virus and held a normal
growth producing a good stand.

Simultaneously, to further test the Dwarf resistent
gqualities of the original selections, cutfings from 320 of
thebetter plants were rooted in the greenhouse, artificislly
inoculated by a vector, and transplanted to an isolated block
in a field along with.a number of common plants inoculated at
the smae time., At the end of the second éeason_of gxmwth,
all tﬁe latter were dead, whereas about 65 of the Hamer
showed no effect of the virus with the exception of root
symptonms.,

"Based on these results, and. those of the field plots,
the more resistant selections were saved to‘cross—pollinate .

and set seed, which was released to the growers as Califprnia

Common '49 last year.



D - Qther alfalfs diseases resgsembling Witches! Broom.

‘There are two other diseases of alfalfa that superficially
resemble Witches' Broom, and may be confused with this disease.
They are the bacterial wilt disease and the dwarf disease, and

the distinguishing features are:

(1) Bacterial wilt disease. In common with Witches' Broom,
the Bacterial Wilt disease causes a marked dwarfing of the
prlant, owing to shortening of the internodes and reduction in
leaf size. The great proliferation characteristic of Witches!
Broom is not normally a symptom of Bacterial Wilt, but it is
not the distinguishing criterion. In Bacterial Wilt the
characteristic yellowish ox brownish—yéllow discolouration of
the vascular cylinder of the tap root serves as a positive
distinction since the roots of Witches'! Broom are normal in
colour in the primary stages of disease;

(2) Alfalfa Dwarf disesse., In common with Witches' Broom this

diéease causes’é dwarfing of the alfalfa plant both in reduction
in total size and in the length of internodes and size of leaves.
However, in Dwarf disease the rod:s are discolored, leaves
r&tain their normal colour or may be intensified, and there is

a progressive reduction in the number of shoots produced. In
Witches! Broom the rodts remain normal for.some time, leaves

are definitely chiorotic, and there is a pro;ressive‘inc?ease

in the number of shoots: produced. Also of note is the fact

that in the former disease the Toots are very baedly infected

before any symptoms appear above ground.
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WITCHES' BROOM OF ALFALFA SYMPTOMOLOGY.

Diseéséd'planfsuéanwbe‘obéérvéd and identified from afar
in the field by their greatly reduced size (hypoplasea) and
their pale yellowish coloration, and the patch& appearance of
the field due to the reduction in the nuftber of plants; On '
several occasions in B.C. and in Washington, the discase has
been spotted while driving along the highway on the basis of
these gsymptoms, A '

The most characterigtic symptom of Witches' Broom of
Mfalfa is the marked dwarfing of‘the plant. However, és the
sppearance of infected plants is slovly modified over a period
of months or years, a wide range of symptoms can be observed.

In the advanced stage of infection, there is typically
a dense proliferation of shoots producéd from the crowvn accom-
panied by a severe dwarfing of thw whole plant (Photo 1). In
very advanced stages of the disease, however, the number of'
shoots may be greatly reduced due to the severe rotting of
the crown and upper portions of the root, with the consequent
death of the buds in that portion. Internodes are greatly
shortened. (Internodes on healthy plants are hormally 11 to

L inches loﬁg, while in diseased shoots when severely dwarfed
are but a fraction of an inch long. (Plate 1, Photo 2). In
fact, leaves were observed on occasion so greatly reduced in
gize, that it was only after examination with a 10x hand-lens
that the three leaflets could be differentiated. The normal.
alfalfa leaflet is rather narrow, oblong or elliptic-oblanceo-

‘late with spinose denticulations towards the apex. Diseased
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leaflets are smaller, rounder, sometimes lack apical dentic-
ulations and are frequently wrinkled or puckeréd. (Plate l),

The first symptom of the disease to be seen is a slight
margiﬁal chlorosis of the leaves giving the plants a yellowish
cast or tinge. Primary symptoms of infection usually are seen
when new growth starts after cutting, and the symptoms éeem to
be general all over the plant. At this time, there mgy be
little or no dwarfing of the plants, but the diseased plants
can be recognized easily by the greatly increased number of
stems, he yellowish cast, and a tendency for the growth
to be very erect. (Photos 3, 4, 5) |

After the nexﬁ cutting, the ﬁew growth will usually be
decidedly dwarfed and the leaflets much reduced in size,
Proliferation and stunting is progressive with each successive
cutting. Both Ed@ards (ivid) and Smith (ibid) report a colbﬁr
change in infected ﬁlanﬁs when proliferation has occurred: the
foliage is often very dark in coloﬁr and may have a purplish
tinge. Menzies (ibid), on-the other hand, does not mention
this phenomenon as occurring in Washington. DNevertheless, it
hés been observed, in a few cases at U,B.C., that the foliage
becomes very dark, hardly purplish, befbre the leaves become
chlorotic, and before crown proliferation is pronounced. This
darkening of the foliage has occurred in conjunction with a .
rosetting or clustering of the nodal foliage about the nodes.

Several hundred spindly stems are common on infected
plants and Menzies (ibid) reports that severely infected

crowns have been found with as many as 3000 very fine, densely



Witches'! Broom diseased alfalfa plant,
showing very erect growth,

Severely dwarfed Witches' Broom diseased plant
on left; normal alfalfa plant on right.
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matted stems. This figure is in agreement with some of the
plants observed; but, in most of the plants observed, the
rotting of the crown had occurred to such an extent, by this
preriod,in the progress of the disease that the number of shoots
is much reduced from this number (3000).

Immedisately precefding death of the plant the foliage
wilts.severely'and becomes brostrate, At this time an exam-~
ination of cross-sections of these crowns has shown almost
complete disintegration of cellular structure; also blocking
of the wvascular syétem.has cut off the normsl water and nut-
rient supply to the foliage, a feature which reéults in wilt
and eventual death. Menzies (ibid) made no observations on
he rotting of the crown, althougﬁ it‘wés observed to precede
the death of the plant in all cases at U.B.C. Edwards (ibid)
 stated that in the later stages of the disease, the crown
' énd upper root tissues are often severely r@tted and the plants
gradﬁally die. He made isolations from the decgying tissues

‘ﬁhich yielded an unidentified sterile white fungus, Rhizoctonia

bataticéla, and various types of unidentified Fusgaria. The

most apparent fungus observed at U.B.C. was an.unidentified
Basidiomycetes.. '

Edwards (ibid) observed partial and complete recovery of
diseased plents when transplanted to the gregnhouse and. maintj
ained under conditions favourable for growth. 1In meny instances,
the recovery was only temporary with renewal of’symptoms at_a
later date, but in some cases he reportéd complete recovery.
Menzies (ibid) did not observe this phenomenon in Washington.

ﬁowever, two’ﬁlants in the greenhouse at U.B.C., that exhibited
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Alfalfa plant showing apparent
recovery from Witches' Broom disease.

Witches! Broom diseased alfalfa plant
showing proliferation and dwarfing.
Nicola Valley, B.C.
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positive disease symptoms in the fall of 1950 (they were
clones of diseased plants obtained in June 1950 from the
Nicola Valley) had shown apparent compiete recovery from the
diseaged condition in April, 1951, Photograph 6 shows one

of these recovered plants. Several diseased plants were

noted on Apr il 11, 1951, to be prodﬁcing normal shoots mixgd
among the diseased stems, while the fall before, only diseased
shoots were produced.“ These normal shoots bore flowers by
April, while very few of the diseased stems bore flowers or
‘even buds at this date.

It was commonly obsgerved that newly diseased plants pro-
duced normal growih at the periphery, with redﬁced or dwarfed
foliage in the centre of the plant,

"ot only was crown_proliferation obgerved, but also an
abnormally large number of fine, elongated shootgs have been
observed arising from the nodes of the stems, and then more
shoots arising from the nodes of these elongated shoots, with
the resultant production of a thick, abnormal, bushy type
of growth.

The majority of diseased plants failed to flower, a rather
striking symptom when seen during the normal flowering time
in the field. The few flowers formed on diseased plants
appear smaller in size, and paler in colour. However,,the
latter point is hard to determine, as normal alfalfa flowers
(M, medig) show a tremendous colou: aiversity, ranging f{ron
pale blue-white, light greens, several shades of purple, to
the odd yellowish flower. Nevertheless, in the few cases

where héalthy veriphereal shoots weré producing flowers at the



Normal alfalfa shoot on left, and
Witches' Broom diseased shoot on the
right. Note chlorosis, shortened inter-
nodes, reduced leaflet size and rounder
shape, and small pale inflorescence,

Normal alfalfa inflorescence on left;

the two on the right are Witches' Broom
diseaged alfalfe inflorescences. Note
reduced number of florets and paler wolor.
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same time as the central diseased shoots were producing flowers,
the central flowers appeared paler in colour. The flowers
borne on diseased shoots were borne singly;'or in groups of
2 to 6 with an average of 2.7 (average of 20 clusters examined
at random); this contrasts sharply with the multi-flowered
raceme beéring approximately 15 flowers, produced by heal thy
plants.

As is to be expected in light of the reduced number of
flowers, very little seed is produced. The smgll amount of
seed that was collected seemed normal (pérhaps a little small)

and germinated well,

INVESTIGATIONAL WORK

I - TRANSMISSION EXFERIMENTS

A, Grafting studiesg

(a) Literature review.

Edwards (11, 12, 13), Heald and Wellman (R3), -
and Menzies (34) carried out extensive graft transmission tests
vin investigating Witches' Broom of Alfalfa. Edwards (ibid)’“
achieved the first success in obtaining positive transmission
of the disease by grafting.

. _ his

Edwards (ibid) used, in a majority of/cases, scions from
diseased plants introduced by means of a side or veneer graft
intc the upper portion of the tap root of healthy plants |
just below the crown., He also used healthy scions and dis-

eaged stocks in an attempted cleft or wedge graft into the

crown and into the upper portion Bf the tap root, He encountered
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oonsiderable difficulty in establishing a successful graft
whenever a diseased plant was used as a stock. The>grafts
were performed in a greenhouse, bound with raffié and then
coated with wax., Two months after the grafts were attempted
the plants were tfansplanted fo the field; at this time he
had achieved 57 unions out of 100 attempted using diseased
gscions and healthy stocks; and 11 unions out of 58 attempted
using healthy scions and diseased stocks. Out of the latter
11 unions, only 2 persisted after transplanting to the field
and positive transmission of the disease occurred in both
instances., Out of the former 57 unions, only 28 scions per-
gisted for 2 weeks after transfer to the fields, and = month
later there were only 15 of these scions still surviving. )
Oout of the instances where the scions had died out prior to
transplanting, 4 showed poéitive disease transmissibn when
exemined 2% months after transplanting. At this time 13 of
15 plants showing scion survival also showed positive disease
transmission; and 9 of the plants were diseased whose'scions
only persisted for 2 weeks after transferring to the field.
In all, Edwards (ibid) achieved transmission in 28 plants
6ut of 158 attempted grafts, or out of 68 achieved grafts.

Heald and Wellman (ibid) reported that inoculations by
grafting from diseased to healthy plants had reproduced the
symptoms in a limited number of Cases.

Menzies (ibid) achieved very little success in root-
grafting tests, so he used instead a modification of the
shodt—grafting technique., This modification consisted of

keeping the delicate grafts; firmly bound with fine thread,
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in a glassed-in humidity chamber for 10 days after grafting.
He reports 75% successful grafts using this method, with disease
transference 6ccurring in all cases where the diseased scions
became united with the healthy stocks. In a scion removal
‘experiment, he fourid that vizrus tranﬁfer'commenced between the
10th and 12th day following grafting and was completed by 25
days. Using shoot grafts, disease gymptoms were agpparent on
the average in 61 days; while with root-approach grafts, symptoms
took on the average 118 days to be mamifested. 1t thus appears
in the Sormer case, that the actual latent period of the
virus is from 40 to 50 days using shoot-grafts. _

Ebnzies (ibid) also attempted a study of the hgatfnange
of Witcheg' Broom of Alfalfa by means of cross-grafting.xHe
obtained 87 apparently successful grafts on 12 species bf
legumes. Serious difficulties arose from the fact that
several of the legumes were annuals, and did not remain alive
long enough.for the symptoms, if any, to be recognized. -

However, he was successful in transferring the disease to

Black Medic (Medicago lupulina L.), andto Californaa Bur-

Clover (Medicago hispida Geert.).

(b) Experiments; i

. Several diéeased plénts were dug in the NWicola
valley of British Columbia, brought-to the University and
planted in a greenhouse deep bench in June 1950, 142 clgff
crovwn grafts,.using healthy 8 months o0ld Rhizoma plants
as stocks and Witches'! Broom scions from the above plants,
were attempted from June 13 to lé, 1950. Grafts were bound

with raffia, thickly coated with paraffin, end planted in a



deep greenhouse bench, The healthy foliage was cut back at
this time, and several times during the summer and fall the
‘healthyvfoliage was cut back to allow the diseased scions any
advantage that this might give, ' Although in several cases an
apparent diséase transfer was suspected, the nature of a crown
graft rendered it impossible to observe whether the disease
symptoms appearing were from disease transfer to the healthy
stocks, or if the diseased foliage appearing was scional only
in origin. The plants were dug up for observation on January
10, 1951, at which time there were 124 plants remaining.alive,
Whether the 18 plants that died, did so as a result of the
disease or from cultural methods was not determined. (ALl
grafted plants wére transplanted to pots in November 1950.)

The results obtained are given below:

Plants healthy on January 10, 1951,
=

Union of sciop and stock, but scion dead 7
No union, scion never established or disgppeared 79
No union, both scion and stock living separately 4

Plents diseased on January 10, 1951,

Union, but scion dead 5

" Union, scion living in firm union with stock 14
Union, scion living in very feeble, if any, union 2
o union, no evidence of establishment of scion 3
Plants doubtful or suspicious on Jan. 10, 1951. 10
124

The 10 plants belonging to the latter category were replanted
in the greenhouse., On the 5th of February, 1951, .3 plants
ghowed positive symptoms of the disease, and an additional
one was suspicious in showing a large nuumber of small,
clustered leaves; and when observed on the léth of TFebruary

this plaent was showing proliferation and marginal chlorosis -



typical disease symptoms. Final exsmination of these plants
was carried out April 16 1951, when besides the 4 diseased
) P|¢y\'\' No. S
plants, 2 appeared suspicious. Gae—praat—{55) showed a
clustering effect of the leaves around the stem and a much
tanmt Po. 29

darkened colorjy and the other—plant (29} showed the clustering
effect and had a chlorotic tinge to the whole plant,

Adding in the above plants to the above totals results

in figures given below,

Plants healthy

Union of scion and stock, but scion dead 7
No union, scion never esgtablished or disappeared 83
No union, both scion and stock living separately 5

Plants digeased

Union, but scion dead 6
Union, scion living in firm union with stodk - 14
Union, scion living in feeble union with stock 4
No union, no evidence of egtablishment of scion 3
Plants doubtful of suspicious 2
' 122

Out of 142 attempted crown grafts, 124 plants were living
after 7 months, succesgsful union of scion and stock was
achieved in 3l cases, and discase transference was observed
in 27 cases, Allﬁ%ases wherein the scion and stock were in
union and both living at time of digging, showed a disease
transference. \\\). 7 cases were observed, where the scion
and stock had united, but the scion was dead by January 10,

How long the union lasted is not known,. but judging from the -~

resull s of Menzies experiment in removing scions every five
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days, the union must have lagted less than 2 weeks before the
scion died. In 3 cases, scion or remains of any part of the
scion could not be found although there was a positive disease
transference, In these 3 cases it is probablethat-a union did
exist for a period long enough for a virus transfer before a
rotting of the scionocourred; Evidence that a union must exist
is shown by the five cases where both scions and stocks were
living in veryvclose proximity to one another, but with no
disease traonsmission., A rough messure of the upper 1imit of
time required for the appearance of symptbms - February 16th

or 8 months,If the 2 doubtful or suspicious plahts subsequently
develop diseése symptoms, the period of incubation will of |
course be agaln lengthened.

2. In May 1950, 12 stem cleft grafts,‘using diseased
scions and heelthy plants were attempted in the greenhouse in
co—operation with H., 8, Wright of the Dominion Plant Pathology
Laboratory. '‘he grafts were bound wilh raffia and kept
moistened by a stiing-widc extending from a jar of water.-
However, union was not observed, and the scions died in about
2 weeks time, Menzies'® modifi cation of using a humidity
chauber wus not attempted,

%. At the same time, another method of transferring the“
disease was attempted. This consisted of cutting longitudinal
sections (approximately 2 inches long) out of thé healthy and
diseased shoots groWing in adjoining pots, and.firmly'Binding
the freshly cut ereas together with raffia, However, both the
diseased and healthy shoots,above the cut, died in all cases

in @bout 10 days time. No disease transference was observed
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in any case during the summer, fall and winter in the
greenhouse,

B, Mechenical Tnoculation Studies

(a) Literature

Edwerds (ibid), employing as inoculum the freshly
expressed and undiluted sap of diseased foliage, attempted
severaimethods of mechanicelly inoculating healthy plants, The
methods, that he employed, are outlined briefly as follows.

1, Individual leaves were brushed 1lightly with a small
cheesecloth bag saturated with inoculum énd containing a
mixture of sand and crushed infected leaf tissue,

2. Stems were pricked witha fine hypodermic needle and a
drop of inooulum allowed to flow into the wound.

| 3. Stems scratched longitudinally, with a fine hypodermic
needle in several places, and inoculumAaliowed to flow into the
wound.,

4, Multiple pin inoculafions (using 20-~30 entomological
pins bound together) into terminal leaves of vigorously
‘growing shoots, leaves and stems,

5, Smallcotton woolplugs soesked in inoculum were
inserted in the tap root just below the crown in contact with
the vascular tissue,

The inoculated plants were observed for periods ranging

ml-a

from 2% to 3% years with no symptoms developing in any case,
Menzies (ibid) inoculated 256 plants using macerated
discsased tissue on a swab as inoculum and dusting carborundum

powder on leaves to be inoculated, Howsver, Menzies failed to
secure disease transmisgion in any case,
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(b) Experiments

L. Crownsg of Witches' Broau diseased alfalfa was fine%ly
ground with meat grinder, and strained through 8 thicknesses
of cheesecloth, The resultant excised juice was inoculated
into crowns of 56 healthy'l5—monﬁn old Rhizome seedlings on
February 16th, 1951 ,using a "London" Luer Fisher and Burpe 56
cc. size hypodermic syringe fitted with a B~D 16 needle, At the
same time, the macerated crown material froﬁ ﬁhidh the juice wes
extracted wés wrapped around the broken roots of 12 healthy 15
month o0ld Rhizoma seedlings. All plants were potted in the
greenhouse, together with 23 controls and observed from time
to tinme,

Final observations on the plants were made on April 28th,
1951, 2 plants of the inoculated series showed very deep
coloration and rather intense proliferation. However, this
seme condition was observed on one of the control plants. One
plant of the maberated series showed the intensifioatioq of
color snd proliferation habit, and produced no flowers of
flower buds; whereas, the other plants in the series were
flowering vigomously. These plants will be transplanted to the
field in May for further observations.

2, On February 14t , 1951, 8 healthy 6 monih- old Grimm
seedlihgs were Dinted in a l4-inda size earthen-were pot
containing shredded foliage of diseased plants wely&ixed with
the soil. The seedlings were planted so that the roots and
crowns weré in close contact to the diseased material. Final

observaticons made April 28th, 1951 showed all plents to be
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normal.

C - Seed Transmission of Witches' Broom of Alfalfa.

Edwards (ibid) conducted a seed transmission experiment
with a limited number of seed from infected plants. 'Severalw
Aof the young plants showed, by the first fall, marked foliage
abnormalities., The leaves, considerably reduced, were clustered
along the stems producing a rosette-like effect, which was
suggestive of infection. However, these planté flowered
normally after transplanting to the field, and no definite
evidence.was obtained to show that any of them were infected
with Witches' Broom, Final observations, taken 2 years later,
showed several-suspicious plants, but no plants showed positive
symptoms of the disease,.

Menzies (ibid) grew 488 plants from seed collected from
infected plants, but failed to secure any evidence of Witches'
Broom infection in a year's time..

BExperiment

Seed was collected from diseased plants at Savona and at
the Basque ranch, B.C. in August 1950. This seed, threshed by
hand, was scarified, germinated in pitre.plates, and transplanted
‘fd.the greenhouse to flats in October, 1950. Germination was
normal, 162 plants were transferred frow flats té pots in late
December, and the remaining plants were transplanted to otuer
flats, 40 to a flat, Larger than normal numbers of small,
weak seedlings were obsérved at time_of transplanting; however,
as no seed was collected from healthy plents in the same

districts (Savona, Basque Ranch) from which the seed from
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diseased pk nts was gathered a count of these plants was not \

made, Observations made on April 28th, 1951, showed f at
although néﬁlants showed Witches' Broom symptoms, several
plants were.véﬁy gmall and the odd plant chloratic and
exiribited rosetting of nodal foliage,

D. Prant swltiplication through cuttings

@ne of thedifficult, time consuming, and expensive
proceduresg in the study of this virus disease will be the
gsecuring of diseased plants in sufficient nﬁmbers for use in
the ¥arious requi'ed replicated field tests. The diseased
plantsbwiljhave to be laboriously dug out of nbrmally tough
god in fields in the Interior, énd then carried without delay
to the coast, Here the plants wilﬁbe divided and planted as
quickly as possible. However, very high mortality has been
observed in all suca transfers in the past.

A@cordingly, on the 2nd of October, 1950, 3 sets of 25_stem
cuttings of diseased alfalfa were treated with the following
procedure. The basal ends of sets of cuttings were dipped for
36 seconds iﬁto 4000 ppm solutions of imlole butyric acid (IBA)
alphe~napthalene acetic acid (WAA), with the 3rd set, as o
control, dipped into distillk d water, The cuttings were
planted in clean sand in glazed pots kept watered, and left
untilDecember 4th when they were dug up, observed for roqt
formation, aml planted in flats. 7 of the cuttings treated
with IBA none of the cutiings treated with NAA, and 8 of the
éuttihés treacved with distiﬂﬁd water were alive and showsd

root formation., The cuttings treated with IBA, although less
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numerous tha the controls, showed considersbly greater root
formation both in size of roots and extent of rooting area.
2 of the cuttings subsequently died after trampplanting, but
the remaining 13 have grown into fairly large plants by the
time of reporting (April 28th, 195L), all showing advanced
symptoms of the disease.

The experiment did point out, besides being able to get
the broliferation effect in the absence of a crown, thatit is
possible to root cuttings of Witches® Broom digeased alfalifa
and thus increase the number of diseaséd plans for use in
field experiments, If a diseased plant produces 500 stemg,
this means that the one plent con praduce, using my results
of 26% rooting, 130 diseased plants; and this could be done
about once a month, It isf€ll, however, that with iuprovement
in techniqueg much higher percentage of rooting of cuttings
couB.bé achievéd, and. that this melthod should prove to be very
usefulto the agronomist and plant pathologist in multiplication
of diseased stocks. It has the advantage to the plent breeder
inthat a great number'of plants, all with the seme genotype,
and at thé same stage of the disease, can be secured readily
for use in resistance and breeding siudies.

E. Insect transmigsion studies

~

Edwards (ibid) attempted severalexperiments in an
attempt to trampmit the Witches'! Broam of Alfaifa using
insects as agents of inoculation (or vectors)., A brief regume

of his work is given below,

>
1

i, 2 to assids, field collected, were allowed to teed
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on a diseased plent for 7 to 9 days and then transferred to
nealtny plants for 5 - 16 days. Twenty eight 5 - 6 month old
plants were treated th®s way. 12 - 24 thrips, dbo field
‘collected, were allowed a 5 - 7 day acquisiticn feed on a
disezged plant and then transferred to a healthy plant for

5 - 7 days. 16 healthy plants were treated in this mamner. No
transmission was observed in any case,

2« Two 24 plant plots were egtablished for preliminary
work with possible insect vectors. Plots were enclosed with
wooden frames covered with fine white madopolam. IMixed
populétions of insects collected on diseased plants in the
field were enclosed in ead frame, After 3 months, the
experiment was modified by replacing the central 4 plants by
a large diseased plant to produce a continuous source of
inocu;um. At the same time, massed populations of field
collected insects were liberated inside the cages. 86% of these
insects helonged to the Thysenoptera end the Hemiptera. The
remining 20% consisted of species belonging.to the Diptera,
Coleoptera, and Lepidopteraz.

In addition, in the following year 6 more plots were
added to the experiment, 2 of whi& were kept sprayed and
served as controls. The plots_were cut as requir ed, and
massed populations of insects collected in highly discased
fields were added periodically. 9 such additions were made to
the latter 4 transmission cages, and 11 to the frrmer 2. 15
months after establimshment of the first part of theexperiment,
one plant was found in the first 2 cages, that showed defin}te

symptoms of Witches' Broom disease, However none of the other



Plants in any of the plots, although observed carefully for a
"period of 3 years, developed any evidence of infection,

Menzies (ibid) made mass collections of suspected species
of insects, caged them on infected alfalfa plants for a short
feeding period, after which they were segregated into species
groups and transferred to healthy plants., In the course of
several hundred tests with sucking insects bnevoase Qf

transmfdission occurred where the leafhopper Platymoideus acutug

Say. was uéed; In this case, an acquisitiom feed of 7 days on
diseased plants was allowed, then insects transferred to healfhy
plants for 12 dgys. Witches! Brédm symptoms were first consid-
ered definite in approximately‘z months after inoculaziqn.

In another experiment, Menzies (ibid) used large cages
:containing one infected plant and 4 to 6 héa;ﬁhy plants. Field

collections of Platvmolideus acutusgs were added to some of fhe

test cages from time to time for a couple of months, while other
cages were retained as checks. TFirst symptoms appeared on 2
planfs in 5 months after inoculation, and by 8% months, 18 of
the 29 surviving test plants were definitely affected with
Witches' Broom, whereas none of the check plants became
infected.,

(imid)
However, Menzies could not find this leafhopper Elatymoideus

acutus in 2 sweeps made in June and August of 1944 in the Methew

valley of Washington at the time the disease was spreading

rapidly. He concluded from this, that Plgtymoideus acutus,
although a vector, is probably not the principal vector of

the disease,
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It was felt that a search for a vector, involving by
neceséity, trained entomologists and plant pathologists, is
somewhat outside the province of the Department of Agronomy.
Some work in breeding of Witches' Broom resistant varieties of
alfalfa may, regrettabl&, have to Ee attempted without valuable

research being conducted regarding vectors.

IT - YIEID TRIAL

(a) Literature

Edwards (ibid) selected and enclosed an 1/7 acre
alfalfa field containing from 30% to 35% of Witches! Broom
diseased plants. The whole plot was cut to establish uniform
conditions, 25 diseased and 25 healthy plants, selected at
random in the field, were cut whenever the unaffected plants _
reached the flowering stage. The foliage was.weighed immediat-
ely after cutting and the weights recorded to the nearest %
ounce., Averaged over a period of three years, the diseased
plants géye a mean yield of 37.4% less green weight fodder than
the unaffected plants., (This is hardly a true figure, as it '
- does not take into account the yield reduction which would
result from the higher mortality of the diseased plants thus
lesséning the stand.)

Menzies. (i%id) feported a serious reduction in yields
but did not report on any tests to determine the amount of
reduction in yields due to the disease,

(b) Experiment.

Ten comparsble sized clonal cuttings of each of Witches!

Broom.diseased piants secured from the Interior, and Grimm



TABLE VII - YIELD TEST

WEIGHT IN GRAMS OF AIR-DRY HEALTHY AND WITCHES' BROOM DISEASED

ALFALFA FODDER.

A - WITCHES' BROOM DISEASED PLANTS

~

Pl., No. 'lst cutting 2nd cutting 3rd cutting
1 10,68 1.91 ‘3431 (
2 5.51 0589 2.13
3 0288 2.44
4 4453 0,07 0.57
5 7.66 3.41 4,78
6 3.81 0.68 0.89
7 32612 0.92 2.178
8 4,18 2.16 1.72
9 3.3%8 0.30 l1.13

10 3.31 0.117 1l.01

Totals 46,18 11.39 20.76

Averages 4,62 gms. 1.14 gms. 2.08 gms.

B - HEALTHY PLANTS

Pl. No. lgt cutting 2nd cutting 3rd cutting
11 6.42 3.78 4,717

12 : 8.55 2.04 3435

13 ’ 4083 1029 2095

15 3.42 1,02 1,59

16 6.52 2,80 4.65

11 5.49 1.85 2,88

18 3497 ) l.72 2,06

19 4.70 2492 3.42

20 4.79 235 2,68
Totals 55005 e 23.40 e 32455 8o

Averages 5.51 ge. 2.34 g. 3426 ge

=97
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Table VIII - Correlation of air-dry wé;ghts of fodder of

healthy and diseased alfalfa on first cutting.

Witches' Broom plants Healthy plants

£x = 46,18 Ly = 55.05

X = 4.62 & ‘i = 5051 g

n = 10 _ : n = 10
(£x)2 = 2132.5924 | (£ y)2 - 3030.5025
zx2 = 287.7224 ly2 < .323,2593
S.8.x : T4.4632 SeS.y = 20,2090
S.Dex = + 25874 S.Dey =+ 1,4916
S.Bex * * ,9089 S.E.y = + .4717

-

S.E. of diff. between the 2 means= % 1.024 g.
Diff. between the 2 means - 0.89 g

o8 -
t = ITE%E_ = .86914
Tabled t at p = .05 is 2,101 at 18 D.F.
Tabled t greater than calc. t - 80 no significant difference
between the fodder produced by Witches' Broom and Healthy
Alfalfa plants at beginning of the experiment.

Table IX -~ Correlation of air-dry wéights of fodder of healthy

and diseased alfalfa Plants on second cutting.

Witches' Broom plamts Healthy plants
Zx = 11.39 4 {y - 23.40
i = 1014 ? = 20}4
n = 10 n <10
SoDox _: 10052 . S.Doy = 09333
Soon = 03327 S-E.y = .2952

S.E. of diff, between the 2 means= .445" .
Diff. between the 2 means= 1.20 g

< 1.20 = 2,6 Tabled t = 2.101 at 18 D.F.

Calc. t is greater than tabled t - therefore there ia a gignif-
icant difference in yield between the fodder produced by

Witches!' Broom and Healthy alfalfa plants on the second cutting,.

~
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Table X - CORRELATION OF AIR-DRY WEIGHTS OF FODDER OF

HEALTHY AND DISEASED ALFALFA PLANTS ON THIRD CUTTING.

Witches! Broom Plants Healthy plents
£ - 20076 £y = 32.55
X = 2,08 ¥y - 3.26
n = 10 n = 10
SeDex = 1.304 S.D.y = 1.052
S.Eex = 4124 S.Bey = 43327

S.E. difference between the 2 means= .5298

Diff., between means= 1.18 gms. |

t = 2,227

Tabled ¢t = is 2,101 at 18 D.F. and p = 05

Calc., t is greater than tabled t.

Therefore there is a significant difference between the air-

dry weights of healthy and diseased plants' fodder at the

~

third cuttinge.
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alfalfa obtained from the nursery plot at U.B.C. wereée prép—
agated in 10 pairs of 8-inch glazed pots in the greenhouse on
Sept. 10, 1950. Plants were watered, and periodically random-
ized to avoid position effect. When the healthy plénts had
reached 1/12 bloom, February 16, 1951, all plants were har-
vested., Tops were dried for 1 hour in an oven at 1009C, and
allowed té_return to air-dry-weight before weighing on a
rough balance, They were harvested a second time on March 16,
and . a third time.on April 16, 1951. The results of these
weighings are given iﬁ?Table ViI, 4

It was found thamrbn the first cutting there was no sig-
nificant difference between the yield of the Witches' Broom
digseased plants and the healthy plants. (Table VIII). This
vshbws that the cuttings were comparable in size at the>begin—
ning of the experiment,

The yield of the Witches' Broom diseased plants and the
healthy alfalfa plants upon the 2nd and the 3rd cutting are
statistically analyzed in Tables IX and X. It was found that
on the 2nd cutting, the fodder produced by the diseased plants
was but 48.8% of that produced by healthy plants. On the
3rd cutting, the fodder produced by the diseased plants was
63%.4% of that produced by the healthy plants. Both of these

decreases in yield were found to be statistically significant.
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IIT - FIEI@ oTUDIES ON THE WITCHES' BROOM DISEASE OF ALRALFA.

A, Quadrut studles

1, Introductlon

A true picture of the decline in yields due to =z disease
can only be given by an experiment conducted under normal plant
environment, A potted-plant yield trial, as previously reported,
has meny limitations. However, it does afford the scientist w;th
a very good comparison of the healthy and diseased plants and as
such the prodedure contains nmuch merit., Nevertheless, in a
greenhouse experiment diseased and healthy plants are maintained
under ideal growth conditions., The effects of overgrazing, winte:
injury, and drought oﬁ diseaséd wéakened plants are not observab}e.

The only factual method of 6btaining a reliable and accurate
reporf on the decline in yield (all factors taken into account)
is through the use of quadrats. In quadrats (a measured area of

field), every plant is recorded and its hitory followed. It is
possible, through quadrat study, to observe when a plant becones

sick, and when it dies énd disappears., Management factors can

be tsken into account. In short, guadrat reports are one of the

most valuable tools of the agronomist in studying the progress

of a-disease, or . of any other factor affecting range or pasture.
We had availasble quadrat éheets covering quadrats laid in

the Interior of B.C. in the spring of 1942 and observed in

1944 by Dr. V.C.Brink. The results of this quadrat dsta are

reproduced in this thesis. Feeling the inadequacy of this

data (over 2 years elapsed between laying and reading the

quadrats) additional quadrats were plotted 'in the fall of 1950.
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2. Study of cquadrat data from 1942-1944 (V.C .Brink).

Dr. V.C.Brink (unpublished) noticed in 1941 that a great -
many fields of alfalfa were being ploughed up and being :eplanped
to grasses in the rich ﬁicola valley of B.C. due to the ravages
of a new disease which produced a serious dwarfing of alfalfa
Plants and a decimation of the stands.- In order to study the
disease, the following year Dr. Brink plotted 7 square meter.
quadrats, largely in the Clark field, Nicola Stock Farms,

Nicola B.C. These quadrats were plotted in June,31942 and

final observations were taken in September 1944,

ALfalfa plants healthy - 1942 140
Plants healthy - 1944 33
Plants diseased - " 27
Plants dead or disappeared 1944 80
Alfalfa plants diseaged 1942 23
Plants dead or disappeared 1944 93
233 233

The significant feature of the sbove data is that there
was no vestige in 1944 of any of the 93 Witches'! Broom diseased
plants charted in 1942: all had died or disappeared.,

0f the 140 healthy plants plotted in 1942, only 60 were
remaining by 1944, end of these 60 plants 27 showed‘advanced
gymptoms of the Witches' Broom disease, Other factors mgy have
contributed to the disappéarance of the healthy plants besides
Witches' Broom, but‘if is strongly suggested that many of them
may have succunbed to this disease, Other factors which mgy
have contributed to their loss were management factors, too

dry in summer, and overgrazing in the winter.
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3. Quadrat gtudies initiated in 1950 in the Interior.
- To further study the progress of tﬁe Witches' Broom of
Alfalfa disease, D¥. V.C.Brink laid 6 quadrats in alfalfa
fields in the interior of B.C. at, or near, the followihg
geographic points: one near Spence's Bridge, three in the
‘vicinity of Savona, one near Wallachin, and one on the Basque
Ranch near Ashcroft. The first quadrat was plotted July 11,
1950; and the remaining five were laid September 18, 1950.
The quadrats were laid without particular choice in the
field to position: the meter-quadrat frames were carried into
the field and thrown_at random - andt he plant life recorded
where it feli.' Foot long, one-inch square metal pins were
driven out of sight into the ground at the four corners of the
quadrat frame so that future records could be made of the
same area.
The quadrat data sheets for the 6 quadrats plotted, encl-
osed as Appendix I of this>essay, are briefly summarized as

follows.,.

1. July 11, 1950. ©Spence's Bridge, B.C. 19 healthy alfalfa
0 Witches'! Broom

2. ©Sept. 18, 1950. Savonay B.C. 8 healthy
3 diseaged

3 " "o 11 healthy
' 10 diseased

4, " " 7 heelthy
4 diseasged

5, " Wallbchin, B.C. 7 healthy
5 digesased

6. " ' Basque Ranch, Asheroft 19 healthy
9 diseased.
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B - DISTRIBUTION OF ALFALFA WITCHES' BROOM IN B.C.

During the summer of 1949 and i950, alfalfas fields were
examined at many points throughout the province of British
Columbia (and parts of the state of Washington) for the
presence of the Alfalfa Witcheé' Broom disease., A knowledge'
of the disease distridbution wouid point out éeveral salient
featurés of the disease. It would show us the ecological
habitat and the climatic conditions under which the diseased
condition thrives. . (In Australia, Edwards (12) points out
that the disease is restricted to areas that have an annual
rainfall of 17 to 21 inches.) If continuing, a disease dist-
ribution would also give us pertinent information on direction
. of spread which may, or may not, be correlated with the poss=
. 1ble vector spread.

Fiélds were examined during the two years in the districts
a8 indicated in the following tabigs XI & XII and on the
accompanying distribution map{ All fields (except where
indicated by #) were examined by Dr. V.C.Brink (accompanied
in some cases by the author). Alfalfas fields in 35 districts
were found to contain at least 5% of Witches' Broom diseased
plants., The disease was not observed in fieids in 31 other
districts, but the conclusion ig not to be drawn that the
disease is not present in these districts, but just not
observed.,

A survey of the North Thompson valley is planned for

later on in the investigation.



THE DISTRIBUTION OF WITCHES' BROOM OF ALFALFA

IN BRITISH COLUMBIA

On April 30, 1951.

A

- ﬂlx- Alfalfa fields containing at least 5%_
Alfalfa Witches!'! Broom plants.

~

@ =- Alfelfa fields that did not contain
’ Alfalfa Witches' Broom plants.

~
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alfalfa
Table.XI- Districts in which/fields wWere examined that aid

not ocontain Alfalfa Witches' Broom Plants.

Seanieh Penimmula : Rosk Creek
U.B.Cs Grand Forks
Nicoman .Island Castlegar
Chilliwack } Balfour
Rosedale ' Creston
Princeton Moyle

Hedly Cranbrook
Keremeos ' Newgate
Okanagon Falls Canal flats
Summerland Edgewater
West Bank Shymway Lake
Kelowna ‘ Kamloops
Vernon o Pavillion
Falkland - . Stump Lake
Lumby - Lytton (south of)
Bridesville

Table XII - Districts in which alfalfa fields were examined

that contained st least 5% Alfalfa Witches' Broom

Plants .
Peace River # Wallishin
Lake Cathlyn (near Smithers) Savona
Smithers Tranquille
Fort Fraser Kamloops
Vanderhoof Vinsula
Quesnel Nicola
Williams Lake Nutsford
Riske Creek Shumway Lake
Spring House Merritt
Alkali Lske Dot
Canoe Creek Aspen Grove
Clinton . ' - Monte Creek
Pavillion Falkland
Hat Creek Armstrong
Lillooet . Salmon Arm .
Lytton ‘ _ Methew Valley (Washington)
MeGillvray . (Agdsstz?)#

Ashecroft

# indicates fields in which Withhes' Broom of Alfalfa has
‘been reported by other investigators that those of the
Department of Agronomy, U.B.C.
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C - Notes on Alfalfa grown at the Dominion Range Station,

Kamloops, B.C. on September 17, 1951.

At the same time that the Nursery Alfslfa Plot wés
planted at thé University of British Columbia, a replicated
plot waé planted at the Dominion Range Statioﬂ, Kamloops, B.C.
Alfalfa plants, grown from seed at the U.B.C. greenhouse, were
transplanted to the field at Kamloops on June 1, 1949.

Seed for the Rhizoma strains was harvested in the fall of
1948 from open-pollinated clonal rows in the main production
field at U.B.C. Seed of Viking, Ladak, Grimm, Ferax, Buffalo
and Ranger was received from the Dominion Department of Agric~
ulture, Ottawa. Grimm Vidarshov seed was obtained from Sweden;
Grimm Summerland S274 from Dom., Exﬁ't. Sta., Summerland, B.C.,
and Grimm Sask. 666 and 451 were bo;h obtained from the Dom.
Forage Lab., Saskatoon, Sask,

The Kamloops nursery was furrow irrigated both in the
summer of 1949 and 1950. Observations in the fall of 1949
showed all plants to be vigorous and healthy. However, in the
spring of 1950 some of the plants appeared very poorly and
during the summer began to develop disease symptoms. On Sept.
17, 1950 several plants were observed to be showing various
stages of the Witches' Broom disease: this is shown in the
accompanylng table. 6bservations of the replicated plants in
the Alfalfa Nursery at U.B.G. failed tq disclosé any plants
showing any symptoms of the Witches' Broom disease. The nursery
at U.B.C. had received comparabdble c&ltural treatment fO'the
Kamloops plot, with the exception that sprinkler irrigation

was used at U.B.C, and furrow irrigation at Kamloops.



TABLE XIII -~ OBSERVATIONS ON ALFALFA GROWN AT THE DOM. RANGE STA.,
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KAMLOOPS, B.

C. 17/9/50

Row

O OO\ P~

No. plants Variety No, of
6 Rhlzoma (30-114)
6 (24 -DRC)
3 ﬂ (29-11B)
6 " (45-114)
6 " (E71P27)
5 " ( 4=114)
6 " (39-DRC)
6 " (66-104)
6 " (51-DRB)
6 " (28-11B)
6 " (E156P18)
6 Ranger
. 4 Buffalo
(6 orig)
6 Ferax
4 Grimm
(6 orig)

6 . Ladak

6 Viking

6 Grimm Sesk. 451
6 " " ]

6 " " 666
6 1] " n

6 Summerland 8274
6 1
6 Grimm Vidarshov
6 " n

of plants

showing symptons

of Witshes' Bréom

of Alfalfa.disease
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(primary)

(gdvanced)

Vhgor

Excellent
BExcellent
Fair

Fair

Fair

Poor -
Fair excopt #6
Good

Good

Good to poor
Good

Good to poor
Fair( 2 pl.
missing)

Fair (3 weak)

Good (2 miss.)

Fair

V. good (2 poo
V. good

Good

Fair

Very gocod

Good

Good

Good

Good butone

Seed set
graded
1 - 5)

11
o

5

o

t
WV N
!
2N o

[ |
HoW
<4 pd
H
<

\n\.NOOO?OOOOOO

5 on one

3 on others
5 onone

2-% others.
3

5+

r) 4+
5+ .rest pl.
0=-1 dry
0-1
2=3% dry
0 dry
0-1 dry
0-2 dry
5+

. =0T~
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IV, Histological studies of Witches!' Broom diseased alfalfa.

a) Literature review.

Weither Tdwards (12) or Menzies (26) reported on any
attampt at studying the tissues of Witches' Broom affected
alfalfa. However there exists several fine review articles
on the hisological aspects of plant virus diseases in gmneral,

The anatomical aspects of plant virus disease problems
are reviewed very completely by Miss Esau (14, 15, lé). She
reports that gum deposition and tylose development in the
tracheary elements of the xylem are found to be frequently
occurring phenomenon., Gumwnosis mgy occur in the xylem of
various planté under normal conditions, but is frequently
more often observed in the tissues of plants affected by
various pathogens and physiological disturbénces. She reports -
that most workers think that the gum is derived from the
decomposition of starch, and to a lesser extent, other carbo-
hydrates; and that the products of decomposition migrate from
the living cells into the tracheary elements., Gummosis is a
very frequent phenomenon of virus infection, but is not spe¢ifio
to this type of disease, Jones and McCulloch (27) report the
presence of gum in the vascular system of slfalfa effected with
the Bacterial Wilt disease.

Wynd (53) reviews the metabolic phenomena associated(with
virus infection in plants. He found that the two major phys-
iological effects of virus infection in plants are:

(1) Respiratory activities are markedly increased véry early
during the course of infection which corresponds to the period

of arrival of virus particles from the point of infection. The
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plant recovers from this initial shock, although the quantity
of virus protein continues to increase,

(2) The permeability of cytoplasm or its membranes is greatly
altered in respect to soluble substances. This accounts for
the accumulation of carbohydrates in the leaves, and the
accumulation of nutrient ions in the roots at the expense of
the tops.

Wynd (ibid) in discussing the cause of diminished chloro-
phyll in chlorotic leaves, points out that part of the dimin-
ution of the total chlorophyll is due, not only to actual

_decrease per chloroplastid, but also to the lessened number
of‘chloroplastids. He believes that the mottling of leaves
mnay be caused by the virus, not directly, but through products
of a deranged metabolism, However, other investigators, apcordr
ing to Wynd (ibid) believe that the increased acidity which
accompanies virus diseases is a factor in the destruction of
chlorophyll. Although chlorophyll is decreased, carotene
content of leaves (mosaic) is enhanced; in fact, the light
green areas showed an increase of 96% over normel colored leaves,

The histology of normal alfalfa is very fully described
by Haywerd (21); and the crown and root tissues are described
by Jones (28). Graber amd associates (19) describe the normal
food reserves of alfalfa plants. Roots of high regerve plants
hhave a greater propoftion of parenchyma in relation to the
fibrous tissue; and the parenchyma cells are packed with

reserve foods, principally starchy
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b) Experimental studies

1, Comparlson of the cellular structure of healthv alfalf

Wluh alfalfa affected w1th the-Witcheg! Broom disease.’

Materials and Methods

.(1) Diseased and healthy rootlets, stems, flowers and buds -
were obtained from Clinton - Ashcroft in June 1950, Fixed with
Randolph's modification of Navashiﬁ's solution. Imbedded_in;
paraffin, ,transverse sections were cut with the rotary miecro-
tone at 15 to 20 mu. Stained with safranine and methylene
blue. Mounted in Canada balsanm.
(2) Normal Grimm crown and root sectioned with sliding micro-
tone at 40-50 microns (Nov. 17/50). Killed with B.C. Fix.
Stained safrenine and methylene blue. (Found better staining
when mordant for methylene blue, ammonium molybdate, not used)
Mounted in Canada balsam. Lo
(3) After transmission experiment was completed in Jan. 1951,
several of the crowns of plants that had become diséased were
sectioned using sliding microtone cutting at 40-50 mu. B,C,_
Fix. Safrsnine and methylene blue. Mounted in Canada balsam.
(4) Crowns of diseased plants, transplanted from the Cariboo
the previous sumﬁer to the greenhouse at U.B.C. were sectioned
transversely on sliding microtone. As for (3)
(5) Leaves from diseased and healthy plants in Feb, 1951
(grewn in greenhouse), dipped in 90% alcohol to remove air,
Fixed with Rand, mod. Navashin, Imbedded in parawax, trans-
verse sections at 10-14 mu with rotary microtone. Sections

- gecured to slides with HaupAts adhesive, stained with

gafranine and meth, blue. Mounted in Canada balsam.
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Obgservations

CrossSections of roots, stems, nodes, buds, were compared
for differences befween healthy and diseagsed tissues. The
main, if not only, difference observed was in size. The
diseased plant tissues cells were very much smaller than those
of healthy plants (pygmismic),

In the healthy raaterial, it was noted that in the young,
sqarish in cross-section, stem, the vascular bundles are well
separated; whereas in older stems the vascular bundles mnore
or less form a continuous ring. In the diseased plants, the
stem has a tendency to remain square in cross-section and
without a continuous vascular bundle ring being formed.

The normal crown (see photo) has a relatively simple
cellular structure, consisting of a fadiaxing network of
vascular tissue interspaced with undifferentiated storage _
and supporting cells; the wholg structure being surrounded by
a corky epidermis,

The diseased crown does not appear greatly altered.
Xylem.elements were frequently found filled with gum (photo)
which stained wither yellowish or red, Secondary organisms;
one of which was a member of the Basidiomycetes class appear
iﬁ great numbers in the outer rotted tissue. Interspersed
throughout the crown tissue of diseases plants were found,
infrequently, small areas, appearing somewhat gummotic, that
were surrounded by a dffferentiated healthy cambial area.

In the leaf tissues, several points of contrast were
obserVed. Quite frequently, in the outer portion of the

diseased leaf, a breakdown of the palisade layer was noted,
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The palisade cells lost their typically elongate shape, became
founded and resenbled spongy mesophyll cells. It was also
noted that these cells, if they contained any chloroplasts
at all, possessed but a very few., The macrosymptoms of the
leaves of diseased plants, have oftén shown a puckering and
wrinkling of the marginally chlorotic edges of leaves.. The
breakdown of the strength-giving palisade layer would allow
this puckering condition to occur.
. Also noted in the leaf-comparison, was the greatly incr-

eased number of calciuwm oxalate crystals surrounding the

vascular bundles of diseased leaves over those of the healthy
leaves.,

2. Comparison of food reserves of healthy and diseased

plantg.

Material and Methods.

The diseased alfalfa material was obtained from plants
showing varying stages of the disease and which Qriginaﬁed in
fhe Nicola velley. the previous summer. The healthy plant.
material was obtained from 6 months old Grimm seedlings, and
from 2 year old Rhizoma plants grown in the greenhouse.

A series of diseased plants showing a graduation from
slightly diseased to very badly diseagsed conditions were ‘
examined for gstarch reserves, along with representative healthy
plants. Cross-sections of crown and root were made freehand
with a raior blade and stained with igKI. Leaves from plants
of the samé series, were boiled in 70% ethyl alcohol until
all color was removed from them, and then they were tested

for starch using LoKI.
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At the suggestion of the author, Mr. George Setterfield
of»the Department of Botany carried out a somewhat more exten=
sive microchemical tests on root crowns and stems of Witches!
Broom diseased plants (2 stages - mildly diseased and severeiy
diseased) and healthy alfalfa plants., This was performed as
a microch@mistry Problem for Botany 554; He carried out
tests for 14 of the organic materials and food storage forms
commonly found in plants.,

Obgervations

The crown series showed a definite correlation to the o
amount of starch stbred with the stage of the disease., Healthy
crownsg contained a large quantity of storaée starch, with |
a gradvation down to no starch being present in the crowms
in the poorest plant in the series, Although the poorest
plant still showed considereble starch in the leaves, a
progressive decline, as in the crowns, was observed.

Setterfield'svresults with the crown tissues and their
starch storage support my findings. However, he found that
there was more starch present in the diseased stems than in
the healthy stems. |

- He found a very significent correlation between the
stage of the disease and the storage of sucrose in the crowns.
Healthy plant crovms showed negative tests for sucrose in
all Caéesr Mildly diseased plants stored sucrose in moderate
gquantities in the crown; while severely diseased plants,
that showed no starch storage in the crowns, showed a large
quanﬁity of sucrose stored in the crown tissue. Sucrose was

not stored in the stems in either healthy-or diseased plants.
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DISCUSSION

Considerable additional knowledge on the distribution
in British Colulibia of the Witches' Broom of Alfalfa disease
has beén gaiﬁed already by the studies completed. The centre:
of distribution in this province appéars to be in the vicinity
of Kamloops and the Wicols Valley, and extends northward
(ahd radially) in the low rainfall regions between the
Cascade and Rocky mountains. An unpublished oral report of
the diéease occurring in Alaska on alfalfa would extend the
distribution quite far north. The presence of the disease is
also reported from parts of Alberta and Saskatchewan, where
again, it is appearing in the low rainfall regions. With
the exception of a report in 1937 (not since observed) of
the disease as occurring at Agassiz in the heavy rainfall
area, all noted occurrences of the disease have been restricted .
to the low rainfall areas. This same distribution pattern
is observed in Australia, whére the disease only affects
plants in the 17-21 inch annusl rainfall areas.

Leafhoppers, notorious ¥virus vedtors, need a dry
climaie to reach a maximum population; and it is possible,

that this is correlated with the observed distribution.

The phenomenon of masking of disease symptoms, and the

recovery of diseased plants, observed in the greenhouse

studies at U.B.C., and also reported from Australia, may
explain the observed distribution picture. Under good
management and sufficient rainfall, it is possible, that the

disease symptoms would be masked,
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Besides the observation of recovery of the diseased
plants in some csses, the study, so far, has brought out
other salienﬁ points in disease symptomology. Witches' Broom
disease has been shown to affect young alfalfa plants -
one year efter é months old geedlings were planted in the
Kamloops nursery plot, primary symptoms were appearing in“
some cases. A continuing observation of these plants showed
that the onset of the disease is very rapid, as by the
end of 4 months very advanced symptoms of the disease Eg;e
noted., Observations on the disease transference by grafting
at U.B.C. have shown that plants recorded_as suspicious
‘had inside of 2 weeks time developed the marked primary
symptoms of proliferation and marginal chlorosis. This
was followed by severe dwarfing in another montins ﬁime,
with necrotic symptoms appearing in yet another month.

Histologically, there appears to be very little
mechanical differnce between diseased and healthy tissues,
with the exception of size, and the further exceptions,
detailed later, of leaf palisade sbnormalities. All tissues
and cells, of the diseased plants were observed to be mumch
smaller than in thenormal plants. Gummosis was found freq-
uently in the Xylem eleuments of the crown of diseased plants
especially in the older portions. Food storage of starch
in healthy crowns was found to be diminished with the
'progress of the disease; and was replaced by food storage in
the form of sucrose which is not stored in healthy alfalfa

crovms, It is possible, and indeed probable, that the virus
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may upset, or modiify, the enzymatic balance of the crown
go that this food storage change is brought about. It was
also noted that all diseased crowns were severely roﬁted,
and the rot was sccompanied by (caused by?) an undetermined
Basidiomycetous fungus. The presence of tﬁis fungus wés
not observed in any sections of the nprmal healthy crowns.
This raises an interesting conjecture: Does the production'
‘and storage of sucrose, by impleménting the growth of thd
fungus (sucrose is a favored fungous medium or nutrient),
help to hasten the death of the plant by the rotting of

the crown by the fungus?

In a comparison of cross-sections of healthy and diseased
leaves(exhibiting marginal chlorosis) very marked differences
were observed. In the outer portion of marginally chlorotic
leaves a mechaniéal breakdown of the normal palisade layer
was observed.to occur. The palisade cells rounded up and
lacked orientation, and appeared devoid of chloroplasts
(which would give thé chlorotic coloration to thié area
of the leaf). The breakdown of the palisade layer would
lower the structural strength of the leaves in their outer
portions - this is manifested by the common symptom of
diseased leaves showing a marginel puckering.

The chlorotic appearance of the infected plants pro@uced
one of the more pronounced field symptoms of the disease,

The chlbrotic appearéﬂce, accompanied by dwarfing of the
ﬁlant combined to produce symptoms that were visible at

considerable distances. 1In fact, many fields were obgerved
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from the highway to contain diseased plants - observations
confirmed by.actual visits to the fields.

Over 135 fields were examined in the Interior of the
province during the two summers, and 50 to 60% of these fields
showed at least 5% infected plants. Disease incidence was
generally correlated with management ?ractices of the fields,
but not always. Several diseased plants were observed in
the glfalfa hay field at the Trnaquille farm, and this field
wag anything but mismanaged. The results of a quadrat study
initiated last £all (1950) should point out many features in
thié resypect,

A startling fact emerged from a study of quadrat data
collected by Dr. Brink in 1942-44, When plotted in 1942,
the quadrats contained a total of 140 healthy plants and o3
digseased plants., In 1944, no vestige remained of any of the
93 disessed plents; and only 33 out of the 140 healthy plants
remained in that staté, 27 of them were diseased, and 80

had disappeared altogether. To gain additional information

on the fate of alfalfa plants.in the field,G more quadrats
/were plottedJin the Interior, largely in the Savona district.
These will be observed at intervals Hor the next few years
and more quadrats will be charted.

To angment the quadrat reports, a yield trial was carried
out %% the greenhouse at U.B.C. during the past winter.
Cuttings of comparablé size were propagated in pots, and
the 10 healthy and 10 diseased plants were harve#ted whenever
the heslthy plents started to flower. It was shown that

there was a statistically significant differnce in yield
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of the healthy plénts over the diseased plants, On the 1lst
cutting, the healthy and diseased plants were shown to belong
to the same population as far as weight of fodder was concerned,
However, the 2nd cutting showed a reduction of 51.2% and
the 3rd cutting a reduction of 56.6% in production of fodder
by the diseased plants when compared to the healthy plants.,
Quadrat reports may posé&bly cast light on the host
range of the wvirus, and also on resistance in native stocks
of alfalfa or closely related genera. In the hope of compiling
data on the host range and on resistance, a twinning experiment
has been designed. During the summer of 1950, 40 varieties
and closely related species of alfalfa were planted in a
randomized'ﬁlock in the nursery at U.B.C. To these will
be added, this sypring, plants received ffom 6ther sources
this past winter. Cuttings from diseased plants widl be
planted in close proximity to the healthy plants and observ-
ations made to determine if disease tramsference occurs.
Included in the varieties under test are plants received
from Dr. J.D.Menzies in Washington that are supposed to
contain inherent disease resitance.
Disease transference from diseased plants of alfalfa
to healthy alfalfa plants by means of graft experiments
carried out in the summer of 1950. was observed at U.B.C.
Out of 142 attempted crown grafts, using diseased scibns
ond healthy Rhizoma stocks, 124 plants were living at the
end of 7 months. Successful union of scion and stock was

achieved in 31 cases, and disease tranference was obgerved
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in 27 caseér All cases wherein the scion and stock were in
union and both living showed a disease transference.

A grafting experiment, such as was performed, outside
of showing a very good symptom sequence for disease recogpiﬁion
purposes, is of more interest to the Plant pathologist than
to the agronomist. A crwwn graft places strains on a plant
that it seldom (if ever) receives in nature. The plant
breeder requires tec@niques for testing large numbers of
plants without seriously modifying the tested plants.
In dealing with bacterial and fungous diseases, and, indeed,
even with the easily trensmitted mosaic type virus diseases,
geveral procedures are available to the breeder. |

However, in the difficultly transmitted virus diseases,
transmission and testing is_not such a simple matter. Whenﬂ
the insect vector of the virus disease is known and available,
registance tests then become a relatively simple performance.
The only known vector of Witches' Broom of Alfalfa, the

leafhppper, Platyroideus acutus, has successfully resisted

attempts at being reared, and indeed, is not considered to

be the chief vector of the disease. Aanyway, én easily

employed vector, althoﬁgh it would be advantageous, is not

essential to the plant breeder in determining field resistance.
Field resistance may not imply true immunity, but

merely the fact that the plants can grow successfully in the

presence of the disease. The possession of field resistance

can readily be determined by interplanting diseased and

healthy plants, as in the twinning experiment previously
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discussed, preferably in an ares where the disease occurs
naturally and where the natural agents of inoculation reside.
With this in mind, experiments of this type are ?lanned to
be initiated this year at points in the Interior where the

disease is endemic.

SUMMARY

The distribution of the Witches' Broom disease of Alfalfa
in British Coluinbia is shbwn to be confined to the areas of
low rainfall.r Severity of the disease is discussed on the
vasis of field and quadrat observatiqns.

Quadrat and yield data are included. Diseased plants
are shown to have a statistically significaﬁt reduction in
yield comparéd to healthy plants under s ame conditions.

Symptomology of the disease is enlarged. Recovery
of diseased plants is noted. A histological study of tle
disease shows gummosis in the vessels of the crowns, and
mechanical breakdown of palisade cells of the leaves. Storage
starch is shown to be depleted in the crowns, and instead
food is stored in form of sucrose,

Successful transmission of the disease was achieved
by crown grafts, Seed transmission, and inoculations with
expressed sap gave negative results at present.

Experiments designed for the future study of the

digeagse are discussed,
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Mileage No. 139,

Sept.
Date Charted.....CF¢

2

18, 1950

Location.......

SAVONA

v

«C.Brink

€ of main highway - Kamloops - Savonaﬁ near telepBone pole 11/34 KA 112 with cross support on epposite

Bige(s)
with 2 above men

Character of Site.

(b) Altitude

Plant Type. (a) Formation

(¢) Principal species

tioned

‘tele

side of highway; quadrat in field 8. of highway between irrigation furrows whioch line up
phone poles; 21 paces south.of fence

gentle

* (c) Soil light brown, till, fine sandy loam,rsﬁéii stones

(b) Association

{
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Average

height culms......oc.....

Seed production
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Symbol....oooereeens
No. of specimens.............
. 1 Veg.
Average | growth............ -
height flower
cstalks..........
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Relative Forage Value of Quadrat

Distance of Quadrat from nearest watering place

Other Factors affecting

Remarks

grazing
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grazing....

% Carry-over




Quadrat No

R

fb—-.i

. Y

Acntie d.
_c..-—c,a-l-l/-/‘?o—-u-ﬂ'&
i ek, From. S

Ly W3

A Aa.)‘. ; wéc{ 7~7

7

OM

No. Species éé'ea(.miln lggl'nfsf Leavégverage Helgéx{ems %eed Prod. Vigour REMARKS.
7', WiTekh S Dfoons RLEAR s FRST 7 L L
) . £ Procirr)
7 HEmeT o RBEFaLERST , 4 Saate
y




Boih
RS (v

. mileage No.,

142,

4

Ghara.ctér of Site. (a) Exposure and slope...

V.CBrink

{c) Soil..

light brown, sandy

(b)) AR et
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(b) Non-Grasses.

Symbol.ee,

No. of specimens............

veg.
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Mileage No. 165.65

Sept.

1950

Date Charted 18, Loca.tlon Wallachin

Near "Hoodoo Cliffg" Wallachiﬂ'

Hay staoker and lone deciduous tree make a line on which Qquadrat

(Haywa rd gy
Character of Site. (a) Exposure and slope............ 8 ‘
(b) Altitude... > 5. " 1600" i (c) Soil.... 11ght Dbrown e
Plant Type. (a) Formation.. Alfalfa - K. bluegrass. (b) Association.....
_(c) Principal Species........coo oo enenes
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stalks
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Relative Forage Value of Quadrat

Distance of Quadrat from nearest watering place
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