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- ABSTRACT -

".Thg objective of tﬁis.study was to.eyaluate reactions of several
aifaifa'ciones and their progeny to selectédispecieS-of three genera of .
fungi causing root- and crown-rots in irrigated»séils of the lower dese;t
véi}eys‘of Arizona. The clones wefe fkoﬁ plants.of the cultivars |
'Afri;an‘ and 'Lahontén' which had survived for three summers under field

conditions where the soil was heavily infested with Rhizoctonia solani,

. Phymatotrichum omnivorum, and Fusarium sSpp. 'Plants Qrown in a greenhouse
with limited environmental control were inoculated with R. solani and

Fusarium spp. grown on sterile oats. Reactions to the cotton root-rot

pathogen, Phymatotrichum omnivorum, were evaluaéed by the degree of

. persistence of plants grown in naturally-infested field soils.

| Commercially-grown cultivars sered as.checks fér“each'experiment,
Results in greehhouse experiments‘werg based on the degree 6f root -
discoloration and perﬁistence of star}d_° ‘

| All of the piants‘weré more spSéebtibie to R. soiani‘alone and
to combinations of R. solani and~Fusariuh spp° than to Fusarium spp.
" alone. There was variation among and between polycross proéeny and
selfed progeny of selected alfa1f$.p)ants for di;ease,claésification
and pefceﬁtage survival. In somé'casés therevwés as much variation
among progeny of the same clone as among prégeny of different tlones;

" Polycross progeny generally were more tolerant than selfed progeny.



INTRODUCT ! ON

Alfalfa ranks third in importance in Ariéona as ‘a ménetary crop
and third iﬁ total acreage. It is planted on approximately 200,000 acres
in the State. Alfalfa is utilized mainly as a hay and seed c}ob, as well
as for soil building which usually fits into the system of crop rotation.

With téday's fntensiyé farming practices, alfalfa is being har-
vested m§re frequently. This causes stands of alfalfa to last onIY a
yeér or two until renovating and reseeding a;e'néﬁessary, Stand'decline
has become one Qf the most serious problems in alfalfa production in"‘-
southern Arizona.

| There are several factors determining,longeVity of an alfalfa

‘stand. Some of these are cultivaral tolerance or>resistance to various
pathogenic organisms, cultural practices such as fertilization, irriga-
tion and harvest frequency. ’ ’ .‘

| Pathogens attacking alfalfa roots and crowns are a major facto;
"contriBUting to stand decline. A numbér of fuhgi; bactéria, viruses, and
-nehatbdes-BaVe-been fbund to cause diseases of>aifa1fa 7h the irrigated,
Tower desert:vaileys of Arizona.

| Since varfous fevels of résistance to insect§ and diseases havé‘
been obser?ed iﬁvalfa!fa, the main objective of this study was to
evaluate selected alfalfas (individual plarts or cultivars) for resist-
ance'or tolé}ance to‘fungi'causiné root- énd‘crown-EOts. Fungi considered
to be fhe prfmary cause of root- and crown-rots were utilized in these -

studies. Several methods of inoculation were tried in an attempt to find

1



the best means of evaluating and selecting alfalfas for kesistance, and

to study methods used by other workers.



"REVIEW OF LITERATURE

introduction

'fhere'havé bgen many studies and reports on the occurrence, symp-
toms and c]aSSificatfon of various pathogens associated with root- and
crown-rots of alfalfa. Keener (P. D. Keener, 1948. Alfalfa tmpr. Conf.
Rep. 11520-21) ﬁade the‘follow?ng statement concerning alfalfa diseaseg
in Arizona: | |

Infections of alfalfa by wilt pathogens are not
"pure.!' That is, wilt is usually accompanied
by such root rot fungi as Phymatotrichum omni-
vorum, Rhizoctonia sp., and Fusarium sp. These
microorganisms along with the bacterium, Coryne-
bacterium insidiosum compose an '‘alfalfa root
disease complex'' in the State.

More recently it was reported (Dennis et al., 1961) that fungi

found in the root- and crown-rot complexes in Arizona included Phymato-

trichum omnivorum and species of Fusarium, Rhizoctonia, Stemphylium,

Stagonospora, and Diplodia.

Graumann and Hanson (1954) stated that alfalfa was susceptible
to more than 75 diseases caused By fungi, bacteria,‘viruses, and nematodes.
Many of these occurred sporadically and were rarely destructive; however,
5 several~Were'important in most major alfalfa-gfowing areas and were re?
sponsible for appreciable losses in forage production. They also stated
that root- and crown-rots occurred in atll regions where alfalfa was
growﬁ°  The fungi causing these diseases were amonQ the<most désfructive
A pathdgens, because they caused injury atiall stages of groch, from seed-

ling to mature plants. Some of the pathogens were most active during

-3



cool, moist periods of winter or early spring; whereas, others were
stricfly—warmftemperaturéVfdngi,

Lehman (W. F. Leﬁman, 1966. Alfalfa Impr. Conf. Rep. 20:75-78)
reported that the root- and crown-rot complex of alfalfég or an individ-
uaf disease in it; was.1is%edka§ the major disease problem by all workers
in Arizona and California.

Selected species 6f three genera of fungi, which are most preva-
lent ih the root- and croWn-rof complex in Arizona, were chosen for this

- study.

~ Occurrence of Selected Species of Three Genera of Fungi Causfng Root

and.Crown Rot

E RhizoctoniaISpp.

Smith (1943) probably gave the first description of Rhizoctonia

root canker caused by Rhizoctonia solani Kuehn in alfalfa. This finding
wasAmadé at the U. S. Yuma Field Station at Bard, California in May‘isbo;
however, Smith believed that the disease had been present several years

‘ prior to this obsérvation. During a survey shortly after this diécovery,
the_disease was found in southern California and southwestern Arizona.

| Smith.(O. F. Smith, 1940. Alfalfa Impr. Conf. Rép. 12:19~21) reported

' that R. solani was an important factor céusing short-lived stands 6fJal-
faifa in the extreme sduthwestern United States. Jones and Smith (1953)
described R. solani as one.of the causal agents of root and crown rot‘of
alfalfa. fn the warmér portions of the Southwe;t, R. solani caused roof
'canker'of alfalfa, while R. crocorum DC. ex Fr. ;aused a root' rot. ThisA

latter species was. more prevalent in poorly-drained fields. Erwin. (1956)



and Houston et al. (i966) also reported that Rhizoctonia.root canker,
caused by R. solani, was responsible for great economic 105355 to gréwers
in the irrigated desert regions of Califofnia,-ﬁhfch,fncluded the'lﬁpe-
rial, Palo Verde, and Coachella valleys. Since no method of ﬁontroJ was
known; Tt'was probably thé most serious disease in that érea. Estimated
stand losses as a resﬁlt of this disease varied from 10 to more than»hb%.

Houston et al. (1960) reported that certain strains of R. solani
attacked alfalfa.stems‘and caused a disease known as Rhizoctonia stem |
canker. This disease was most evident in one- and two-year-old stands
and occurred mainly during fhe spring, early summer énd faTY,. |

Smith (1943) described Rhfzoctonfa root canker as seasonal in
development and closeiy cbrrélated with high tempefatures; Lesions were
characteristic of the disease and developed mainly'in‘June, July, Auqust,
and September, wﬁeh soil temperatures, at 7.62 cm below the surface,
ranged from ébout 21 td 35 C. There was practically no disease develop-
ment during winter honths,_when soil temperatures at'7°62 cm below the
surface were_as'low‘as 5 to 10 C.

Crown;rot.diseases have been observéd_?n‘almost all irrigated
fields of alfalfa in California (D. C. Erwin, 1954.  Alfalfa jmpr. Conf.
Reb° 14:32; Erwin, D.'C,, 1954) . 'ErQin studied three root- and crown-
rot diseases. An isolate of R. solani from one of the Qiseaéed plants
caused a stem and crown canker. |

Erwin (1955) discovered a dark-crown necrosis on alfalfa in
California. R. solani was one of the organisms found among isolates from

diseased plants. A study of these isolates showed that R. solani was
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involved in dark-crown necrosis; also, some isolates of R. solani caused

"erown-bud necrosis and root canker.

) Crall~(1951) repofted that root- and crown*rbtvcaused.by-R.

solani was one of the less important duseases of alfalfa |n lowa. How-

,ever, later workers .in lowa (C. P. Wilsie, D. C Norton and W. F. Wedin,

1965° Central Alfalfa lmpr, Conf. 11:21, C. P. Wl]Sle,and D.-C. Norton, .

1966. Central Alfalfa Impr. Conf° 12:29) reported that root- and crown-

rot were.cqmmon'and R. solani was the 6rganism most often isolated from
diseased alfalfa.

" Root diséases of alfalfa have been a hajor cohcérn of growers in
Canada (Chi and Childefs, 1965; M. W. Cormack and E. J. Hawn, 1954, |
Alfaifa Impr. Conf. Rep. 14:30-31; Hawn and Corméck; 1952). Many fungi.
ha?e been found in asspciétion with diseased crowns and robtsgv They were
believed responsible for'the deterioraiion and lack of peréistence of
stands in that area. Species of Fusarium and Rhiioctohia were found to
incite wilt and root rot. These genera along with other organisms were
also found consistent1y associate& in rotting ;}own buds of alfalfa
(Cormack and Hawn, 1951).

Cro@n-bud rot“which caused heavy damége to alfaif&_stands in the
Lethbridge area in Canada and in southern Manitoba has been reported by
Stevenson (T. M. SteQénson, 1952. Alfalfa'lmer Conf. Rep. 13£2-8)° He

confirmed that at least one species of Rhizoctonia and 'two of Fusarium

‘were involved in this disease. In another study by Hawn and Cormack

(1952) three isolates of crown-bud rot (R. solani, F. acuminatum EI1. and

Ev., and F. avenaceum (Fr.) Sacc.) were described as a disease complex



and proven pathogenic in greenhouse tests. Rhizoctonia solani was the

mos t péthogenic of the three isolates.

In a survey of alfalfa fields in Canada, Hawn (1953) discovered
" that the annual increase in alfalfa crown-bud rot oécurred during.the
early part of the growing season. This'observation was confirmed in
field plot work in 1952 which ghowed that 80.6% of the total increase
occurred in May. Hawn (1957) also confirmed the role of 5: solani -in
crown-bud rot of alfalfa by microscopic examination of artificially ‘
inoculated crown buds. A nqmber of fungi associated with rotting of
foots and crowns of alfalfa in Manitoba, Canada wasrstddied by McDonald

(1955). Rhizoctonia solani was the most virulent of the pathogens

isqiéted.‘ |

chi (D. C. Chi, 1966. Alfalifa Impr.VConf,VRep. 20:5§-61) also
found many fungi in association with diseased roots»anaAcrowns which were
responsible for the detérioration of stands in Canada. - Rhizoctonia sp.
was a frequent isolate. All isolates of the. Rhizoctonia Sp; had the
mycelium and_basidiospore cﬁaracteristics of E,Aéglggl. This organism"
was prevalent on seedlings, but was not often isolated from more mature
plahts Tater'in their-ffrst year. The‘qrganism:was again‘isojated fre-
quently from plants more thaﬁ one year.o]d. |

Twenty-one isolates of 5; solani from various sources were tested - -
on alfaifa and red clover (Chi and Childgrs; 1965). ATIfof the isolates
.,incited deease on these hosts, although their vfrhieﬁce varied greatly.
Elevén other R. solani isolates from alfalfa were also tested. Five were
pathogeﬁic §n seedlings and to both crown and stem§ o% ofder a1fa1fa

plants. Three affected only seedlings and three were non-pathogenic.



2, Fusarium spp.

The occUrrénce»ofva root-rot disease was discovered on alfalfa in
- New Mexico in 1945 (Staten and Leyendecker, 1949) . 1t was found in a
bacterial wilt study, when a large number of diseased plants were en-’
bcountered fhgt did not show typicalxbacterial wilt symptoms. Further
study showed the fungus, F. solani (Mart.) Appel and Wr., was the cause
of the root rot. Wilson (1961) also stated that f,‘gglggi_was generaf1y
prevalent in the major alfalfa-growing areas of New Mexico. In New
Mexico, the disease's prevalence and severity in reducing yield and
stands. were ?onsidered equal to or greater~thén bacterial wilt.

In California, Stagonospora meliloti (Lasch) Petr. is another

fungus associated with the crown-rot complex of alfalfa (Erwin, 1952).
Erwin studfed the pathogenicity of isolates associated with thié crown
‘rot. In 37 experiments, F. roseum'I;k° and F. solanj were isoléted.froml
a»crdwn rot that was characterized by‘dark, dry necrosis of the crown

branches. None of these isolates caused root or crown rot when inocu-

lated on plants growing in sterilized soil. Rhizoctonia solani and
Pythium sp., isolated frequentiy.duriﬁnghe winter from necrotic crown
buds, were pathogenic to buds and seedifngs, A F. roseum isolaté was
severely pathogenfc to seedlings but notﬂfo buds or'c;rowns° Stanford

et al. (Agron. Abstr. 1956:72), also working in California, discovered
that F. oxysporum Schlecht f. medicaginis (Weimer) Snyd. & Hans. produced
a.wilt disease in-alfalfa which under cértain conditions resulted in
~reduction of stands. When>two-~orA§hfee-moﬁth;old alfalfa plants were
;inéculated with this qrganfsm in.thé'grgenhouse, complete killing of very

"susceptible cultivars occurred. -
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Evidence of the occurrence 6fv?usarium spp. in root and crown rot
'Qas.presented by Couch.(H° B. Couch, 1958. - Alfalfa Impr. Conf. Rep. 16:
-40). He.fouhd that F. roseum and F. solani were the most commén isolates

f}om diseased alfalfa roots.and crowns fﬁ Peﬁnsylvania; Inoculations
with fsolates of_E; sbiani}caused5séVéfe crﬁwn cénker, while some iso~
lates of F. roséum-incited a less seQere root and crown»canker;

Several species of Fuéaribm wére isplated from-weak alfalfa
plants from nearly all locations_testgd in-ﬁortheastern United States

(E. S. Elliot, 1966. Alfalfa Impr. Conf. Rep. 20:63-64). The most fre-

- quent isolates were F. oxysporum, F. solani, F. moniliforme, and F.

roseum; The isolates of Fusarium spp. exhibited a wide range of patho- -
génicity WEen used to inoculate alfalfa plants of different ages. Some
~ isolates of F. oxysporum were highly pafhogenic;Ahoweyer, a majority of
the Fusarium‘spp. and most isblates within a species were obviously less
virulent. Under field condifions?'there were usually fewer seedlings‘
lost from damping-off as compared to those lost under laboratory condi-
tioné., Although the roots of alfalfa appeared.élean, species of Fusarium
‘Qere usually_pfesent and easily isolated from them. More and moré evi-
‘dence showed that any stress factor, suchras plant competition,.insect
A attack, unfavorable nutrition, and many-qther factors which weaken plants,
enhanced én invasion by the norﬁa1ly preseﬁt Fusarium flora. Mi]]ar’
(R. L. Millar, 1966. Alfalfa Impr. Conf.vRep. 20:62) found that
increased frequency of harvesting was associated with an increase in
root rot and recovery of Fusarium spp. from the roots.

tn Chi's (C. C. Chi, 1965. Alfaifa Impr. Conf. Rep. 20:59-61)

~ study of root and crown rots of alfalfa in Canada, Fusarium spp. were
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isolated most often from diseased plants and comprised 58% of the total
isolations from a survey over a four-year period. The following species

were involved: F. oxysporum, F. solani, F. acuminatum, and F. avenaceum.

Seasonal differences in abundance were noted in some of these species. .

Fusarium solani was abundant during summer and early fall, while F.
avenaceum and F. acuminatum were common early in the growing season on

both first- and second-year plants. Fusarium solani was more prevalent

on two-year-old~plahts. Fusarium spp. were obtained from both corticaj
and vascular tissue.

Schmitthenner (1964) isolated species of Fusarium and Rhizoctonia
from diseased seedlings of alfalfa. He>tested these for their virulence
and found the Fusarium spp. were avirulent or only slightly virulent; the
Rhizoctonié sp. was moderately to highly virulent on alfalfa.

McGuire, Walters, and Slack (1958) obtained results ffom“inocu-

Tations of alfalfa with both Fusarium wilt (f, oxysporum f. vasinfectum)

and root-knot nematodes which showed that the number of Fusarium wilt-
infected plants and the severity of the infection Qere directly correlatéd
‘with severity of root-knot nematode infection. Thomason et al. (1959)
also showed thaf nematodes increased the oécurrence of wilted plants.
- Two and one half bercgnt of the plants showed wilt when inoculated with
Fusarium alone. When inoculatedAwith both Fusarium and nematodes, 10% of
the plants died, 10% had wilt symptoms and the.rest of}thg plants showed

no infection.
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3. Phymatotrichum omnivorum (Shear) Duggar

Phymatotr}chumrroot»rot is known as cotton root rot, Téxas roﬁt
rot, Ozpnium rdot rot, or just root rot. 'This disease is caused by P.
omnivorum, a soil-inhabiting fungus fhat is indigenous and restricted to
alkaline soils of southwestern United States and northern Mexico (Blank,
1953). Thfs fungus attacks approximatély 2,000 species of dicot§ and
gymnOSpérms but is not known to cause disease in monocots. It fofms
mycelial strands on roots of higher plants; mycelial strands and sclero-
tia in the surrounding.éoils, and ''spore méts” on the surface of damp,
warm soil (Streets, 1937)°. |

Streets (1953) described Texas root rot as one o% the major plant
diseases in the Southwest. It attacks most tap-foofed crop plants, in—. |
cluding cotton, alfalfa, fruit trees, ornamental trees, and shrubs. He
stated that the fungus océufred in our soils befqreA“white man'' arrived,
and very probably before Indian tribes occupied the area; The natural
- occurrence pf the fungus is in a very unpredictable manner in many soils.
it is often severe in oﬁe field and absent from an adjoining field. It
may spread as much as 1.83 to 4.88 m in irrigated.fields during a year's
time, although the gréater distance of spreéd:is‘not'common;‘ The fungus
has been found as deeé“as 3.66 m,

Isolates of P. omnivorum were made by Hosford (R. M. Hosford,

1965. Cytology of the fungus, Phymatotrichum omnivorum (Shear) Duggar.
Ph.D. Thesis. University of Arizona, Tucson) from roots of wilted cotton
and alfalfa plants collected from locations in southern Arizona and

southern California.
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Un Callfornla, although not widely distributed, Houston et al. |
(1960) found the fungus in the Palo Verde, Coachella, and Imperial
'vajleys, In addition to alfalfa, it attacked all other broad-leaved
' grobs which grew during the hot summer monthsrin‘these-lower desert
vatleys. The diseaseAwés'not.a probliem during winter months; therefore,
various suscéptible winter crops‘cah be grown on infested land. Nichols
et al. (1955) also described the diséase; its occurrence, and economic
importance in California.

In Nevada, this root rot occurfed 6nly inythe-southern'portion
of the State where warm summer temperatures favored its development
(Smith 1948). Smith reported that the fungus infected the roots, caused
‘them to decay -and eventua?iy killed the piaﬁts, Damage vgried from year
to year. Development of the disease wés févored by fairly moiét soil,
but it'was unfavorably affected by'either very dry or very wet soils.

In relatively warm soil, the disease was most severe. The optimum‘for
disease development occurred around 24 c. |

Staten (1957) reported that the cotton root-rot‘fﬁngus was one’
'of the most important ofganfsms,which attacked_a?falfa in Texas. fhis
fungus was extremely destrdctive and injured plants at'any stage of
development from seedling to maturity. Brooks (1959) later reported it
to be the most serious prob]ém.agsociated with alfalfa producfion in

Wichita Valley of Texas.
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Symptoms of Root and Crown Rot Caused by Selected Spec:es of

Three Genera of Fungi

.ﬁa Rhizoctonia spp. _

V'Smith (1943) reported that Rhizoctonia root canker of alfalfa
wés charécﬁerized by dark, sunken areas, Which sometimes had brownish
borders. Diseased areas were usually circular, but in some cases they
were oblong and extended part way around the root. The Iesions generaliy
’occurred where young roots emerged from larger ones, as evidenced by the
fact that the dead stub of a small root was often found near the center
of each lesion. Lesions often developed inward toward the central region
of the root, but the latter wasvnOt completely rorted off,j There was nery
little spread of the disease up or down the root from the lesion. Lesions
that developed in summer usually healed over dnring winter, and by mid-
winter or early Sprfng, there was often only a scar>on.the root to indi-
" cate the location of the diseased area from the previous summer season.
The organism causing Rhizoctonia root canker often attacked
‘ p]antsrin the fiejd ferming a circular or irregu]areshaped area of dead
plants and in many eases, diseased'plants'were‘more,prevaient in the
wheel tracks made by farm implements (Houston, et afa, l§62)° This. was
probably due fo‘crown fnjury to tne plants in such areas° Since all
?nfected plants did not die at the same time, a spotty appearance occurred
in fields. Piants affected wirh this disease did notvhave predominant or
identifying leaf symptoms. Plants were damaged most when eankers formed
en the crowns. The Rhizoctonia stem canker fnngus attacked the crown and

- stem tissues below the soil line. After infection the stem canker often
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extended 2.54 cm or more above thé soil surface. Areas of the canker
~varied in color frém tan to dark brown. Tissue§ invaded by the fungus
died, causing yel]owfng and wilting of'leave§ and tips of stems.

As a crown rot, R. solani invades the crown and destroys new
buds and shoots (Jones and Smith, 1953). The plants>are so weakénéd
thaf they are easily attacked by saprophyfic‘or weakly pafasitic soi l
fungi, which enhances destruction of crown tissue. R. croéorum causes
a root rot which is characterized by sbread of the fungus usually fn all
directions through the soil, killing piants as it progreSsés,' The foliage
turns yellow, wilts, and eventually dies. Infegied roots héye a mat of
reddish-brown or violet fungal threads on the oqtside of the bark., The
th}eadé penetrate the roots, which then begin to decay and siéugh their.
bark. |

The dark-crown necrosis on alfalfa described by Erﬁin‘(l955)
produced wedge-shaped lesions on the crown, or longitudinal lesions on
crown branches. Eventually the entire crown was affected and the plant
died. Isolates of R. solani from thesé-diseased plénts gave different
effects. Somevstrains were pathogenic, ofhersvwere nétq Certain strains
were pathogenic to éeed!ings and produced stem and crown canker that
resembled-dark-crowh necrosis. Other strains caqsed:crown-bud necrosis.

An isolate of R.. solani, which caﬁsed bud cankers‘of alfalfa;
was fouhd'fn the vesseIs‘of infected stems, and caused‘a discoloration
of the crown tissue above and below the canker (Erwin, 1954). Hawn
(1953, 1957) stained preparations of crown-bud tissue which revealed
extensive penetrétion and ramification by mycelium of R. solani and

other fungi in 15 days after inoculations under greenhouse conditions.
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ﬁn fqrther sfudies,.secfions'ofrdfseased'fissue stained wifh Conant's
- quadruple stain showed identifiable @ycelium and fruiting strdcturés of
the above-mentioned fungus.  Myceiium of R. solani ramified the créwn
buds inter- and'intfa-celluiarly; _ -

| -~ Chi (c. C. Chi. 1966. Alfalfa Impr. Conf° Rep. 20:59-69) iso-
lated Rhizocfonia sp. mainly from cortical tissues of alfalfa plants.
Cultures of this organism weré applied to seedlings which éherged,but
were badly stﬁnted and malformed. The hypocotyls of many Were swalén

but had not elongated.

2, Fusarium spp.

‘The Fusarium root-rot fungus (F. solani) produced reddish-brown
vascular diséoioratEOA'in alfalfa that could be followed to the point of
origin, which in most cases was from lateral roots (Staten and Leyendecker,
']9h9); Mahy infections remained localized in the cfown area causing

“typical crown rot.

3. Phymatotrichum omnivorum

Streets (1953) found a loose network of fungal strands of P.
omn i vorum forming aldﬁg the surface of plant roots. Soon,»filaments
from the strands wedged their way into the outer tissues of the root,
killing them before invading the woody part. Simultaneou;]y, the fungus
spréad; in all.directions-aiong the root. The fungus may grow independ-
ently froﬁ'roots of one susceptib]e plant to:another, sﬁread?ng as it
grows; | | |

;Stunting of the pianfs was about the oniy visible stpfqm shown

bybthe foliage of plants infected with P. omnivorum (Houston et al.,



I960)= ‘Infesﬁed areas appeared'as circles of dead pfents° Lesions en
the taproots were'yeflow to broﬁn,'sunken, quite cleerfy defined; and
irregular in shape, o s

| Smi th (1948), describing the symptoms of Phymatotrichum roofxrot;
etated that the first above-ground.sigh—ef reof infectfonrwas usually the
‘ wiltihg of the tops which always was hrecedee by root decayoﬂiOneror tWo
days efter'wiiting, the infected plants died. E}nomhfvorhm first in- :
fected the bark of the root and slowly penetrated into the woody cylinde}
until the root was rotted through. The disease in the field épreed in
ailhdireetions (smith, 1948; Staten, 1957)} It hsually‘started froh a.
smé]TFiecaiized’infection and spread in a well-defined, circular afea,
killihg the plants. At the margih of this erea was a zone ofrdeadrahdj*
dying plants beyondiwhich were apperentiy healthy plants.“TheAtaproets ‘
- of surViV|ng plants generally were rotted off and the plants were kept
alnve by means of lateral roots above the decayed portnon of ‘the taproot,
Affected roots usuaily broke of f easily at or near the sonl surface when
ﬁhe planfs were pulled; BroWniSh; fuizy strands. of hycelihm usually were

seen on affected. roots.

"AVfalfa Resistance to Root and Crown Rot Caused by Se]ected,Species of :

Three Genera of Fungi

1. .Resistanee to Rhizoctonia spp. | |

vSmfth (1945) inoculated California Common alfalfa with’ieo]efes_‘
of R; 521521 Some of the planfe did not exhibit offdeve1op reot»cankerf
ﬂesuons when inoculated with hlghly pathogenlc strains. This was the

': earﬁlest work that |nd|cated a possnble source of resnstance to thls fungus°
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Erwin (1954, 1956) found no differences between alfalfa cultivars
ih level of resistance to root canker, stem cankér and cro@n-budhecfoéis°
Later, Houston et al. (1960) stated that a search was befng ﬁade by
California workers for resistant plants to Rhizoctonia -root caﬁker.
Progeny from selected plants, while not highly resistant, showéd promise
of being more vfgorpué and longer~lived'than existing cultfyars.

Matocha and Cowley (1965) tested 12 alfalfa cultiVafs for Fofage
yield and persistence of stand in a Rhizoctonia root canker infested
area in the Rio Grénde,Valley of'Texas; The cultivars,'African;' 'Moapa,'
and " 'Sonora' demonstrated the greafest persistence of sta&d after two R

years of testing.

2, Resistance to Fusarium spp.

Wilson (1961) studied six cultivars and 53 strains. of alfalfa
for their reaction to Fusarium spp. Selections from New Mexico Common
aIfaifa were the most resistant to Fusarium wilt ([, solaﬁi)°

in tests at University Park, N.M., Wilson and Melton (i962)

B féund that strain 9-64 was more resistaﬁt to Fusarium wilt than New

" Mexico Common. There were other linesvthat had a lower disease index i
than New Mexico éommon° ‘Selections with resistance to bactefial Wilt
and Fusarium wilt (E,-sblani) were utilized to develop the §u1ti9ar

"Zia' (Wilson et al., 1959).

3. Resistance to Phymatotrichum omnivorum -

Houston et al. (1960) mentioned that to date no report of

resistance in alfalfa to.fs omnivorum had been published.
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In past tests at lowa Park, Texas, the major local culthar,
"Oklahoma Common,' showed more tolerance to.tﬁis robt;rot organism tﬁan
'; any'otﬁér‘cu]tivar tested (Brooks, 1959). lﬁ a study of nine new culti-
~vars at lowa Park in 1957-1958, all entries were suscépfible to cotton
root rot. 'Buf‘Falo,‘l !'Du Puits,' and 'Williamsburg' Bad the lowest

~ mortality and highest forage yield in this test.

Methods of Inoculation With Selected Species of Three Genera of Fungi

~and Their Disease Classification

1. Rhiiocténia Spp-

Smith (1943, 1946) made pathogenicity tests by'growfng young
alfalfa plahfs in soil infested with R. solani. Planis about three mpnfhs
Vold'were used,lfor at this age they had roots large enough to test the
ébility of the fungus to cause root lesions. They were transplanted to
galvanized iron cans, 17.78 cm in diameter and 30.48 cm déep° In all

cases transplants were allowed to grow at soil temperatures between 16 -

.~ to 20 C, which was unfavorable for disease development, for at least four

bweeks>before soil temperatures were raiéed to 25 to 30 C, which favored
'diééase deyelopment._‘The soil Was infested with barley grain, previously
sterilized, on which the fungus had grown for about two weeks. The grain
fnocuium was applied at 20 g dry weight to 7,900 g soil. The grain had
been soaked with water pr#or‘to sterilization. The _inoculum wa§ addedl
'eithéf'by.mixing with the soil just prior té tranSplant7ng;or the trans-
piant;'wefe allowed to grow aboﬁt a month in‘non-infested soil. After
.this_tiﬁe iapsé, five holes of about 0.64 cm in diameter and.20,32,to |

_25.40 cm deep were made in each can of soil, and the inoculum placed in
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the soil. Both methods were sétisfactory. Thé plants were grown at
optimum soil temperatures of 25 to 35 C for two*months, then removed'and'.
examined for symptoms. ‘ |
fn studies of crown-bud rot of'alfalfa; Hawn and Cormack (1952)

rﬁsed inoculum grown in soil-corn-meal medium. Thfs,was scattered among
,crownsvand_lightiy covered with soil. The maximum,infectioﬁ,deveIOped
after twobweeks on three-month-old alfalfé plants. |

| Using pathogenic isolates of‘ﬁf solani, E%Qin (19Sh)'inocdlatéd
various cultivars of alfalfa planted iﬁ‘soilrwhith had never been planted .
to alfalfa. The différent cultivars were planted in rows 10.16 to 15.24
cm abart in plots 3.05 m wide by 3.66 m long. Both check and test plots
‘were feplicated,' In May, when plants were two—ﬁonths old, 21 g of
ground-driéd oat inoculum of a pathogenic R. solani isolate were distrib-
uted in a shallow furrow close to each row éf plants except in the check
plot. He took samples of 150 to 200 plants in July, sampling diagonally
.acrbss plots examining and rating each plant for severity of rootAcanker,
stem canker; and crown-bud necrosis;. No differeﬁées were found among

~cultivars. Rhizoctonia solani was reisolated from diseased pl-anté°

MchnaId (1955) prepared inoculum by mfking agar plates of
‘several isolates of'Rhizoctonia. Twenty=-five m1'of'H20 per plate were
added and placed in a Waring Blender and mixed for_"three‘minutes° The
suspension was mixed with silica sand to hélf fill the tumblers. Tests
on mature plants were conducted at 16, 20, Zh; and 28 C in a temperature
tank. Plants were grown in steam-sterilized soil until 14 weeks old
‘then tfansplanted to a sterile soil and sand-corn-méal inoculum in 1.89

liter crocks. Roots-were dipped in a suspension of mycelium and/or
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spores of the fungus. Six weeks later the plants were examined for
disease lesions. -

To study post»emergenée'seedling root rot,'it was necessary forl
the seéd]ings to develop beyond the damping~off stage before infection
(Schmitthenner and Hilty, 1962). They were able to do this by placing
the inoculum of Rhizoctonia Sp; four centimeters below the seed at
planting. This allowed sufficient time for the alfalfa plants to develop
before incculation occurred.

Chi and Childersr(1965) studied the virulence of Rhizoctonia sp.
on alfalfa and red clover. They prepared inoculum by gfowing the iso-
lates for two wegks on an autoclaved corn-meal-sand medium. Seedlings:
to be tested were grown in white sj]ica sand and in sterilized and non-
sterilized field soil. The soil was steam sterilized for two hours at
approximately 1 kg/cm2 préssure for three successive days before ‘use.

The inoculations were made by mixing one ﬁart inoculum to 15 parts white
"sand or soil. Surface~disinfectéd seed of 'Ranger' alfalfa and 'Lakeland'
red clover were planted in a mixture of. three parts vermiculite to one
part sand to produce seedlings. fwo-week-old seedlings were transplanted
to pots and placed on greenhouse benches. Plants in sand were kept
"moist with 0.5-normal Hoagland's solution while those in soil were
watered with distilled water; Control plants were grown in the same
mixtures without the patﬁogen, aléo.controls in sand or soil were used
without the corn-meal-sand mixture. Sixty-five days after transplanting,
all plants were removed from the pots, washed and examined for the .

development of disease symptoms on the root and crown areas. Virulence
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of the Rhizoctonia strain was measured by,diséése sevérity and oven-dry -

weights of plants.

2. Fusarium sﬁp°
- Staten and Leyendecker (1949) used two methods to study the

pathogeniéify oflthefr isoiates-of F. solani. . One method utilized sur-
face steriiized geed that were planted in autoclaved soil infested-with
the patﬁogen° The second method consisted of surface sterilizing
healthy alfalfa blaﬁts with mercuric chloride and then b[anting them
into pots containing artificial]yfinfésted soil which had béen autoélaved°
After the plants had become well established their crowns were split and
inoculated with the organism. vAfter'l8 weeks as many as 80% of the
plants from both methods exhibited’symﬁtoms like those that had been
previously noted in the field. Plants shqwed stqntedﬁgrowth'with
coloring of ieaveé being light greenrto ye110w,- The fungus was easily>
}eisoiéted from diseased roots and crowns. | |

Witson (1961) used.various'metﬁqu of.inoculation in testing
* alfalfa strains and cultivars for resistance to Fusarium wilt and Bac-
Aterial wilt. In preparing Fusarium inoculum, the organism was grown in
petr{ dishes containing potato-dextrose agar. After a period of growth
of the organism the entire contents §f a dish with some distilled water
were maéerated'in a Wéring Blender. The material diluted with distiiled
water was‘képf in a steriiiéed glass contafner

For one mefhod of inoculation with Fusarium sp., the'rpot-ball
method described by Wilson (1961) was used. AThe soil was knocked out of

~ pots containing alfalfa plants, the roots and soil ball cut through,
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parallel to and ébéut 5;08 cm be}ow the soil surféce;..Thé lower‘portion
of.the root ball was returned to the pot and inoculum added. Theﬁ.thei
top 5.08 cm of the soil ball containing the plaqts wefe replaced err
the inoculum, ‘

| A second method, the split-crown methoa, utilized. cotton balls
which had been soaked in inoculum. The crowﬁs of the plants were sblit
with a knife and the cotton ball forced into the'incis?on, In both of
these greenhouse tests the top growth was reﬁoved pfiof to inoculation
and later placed over.the crowns. The pots were kept.under high humidity .
until the disease organism had sufficient time to bécome'estabIFShed,
After a period of time, the plants were removed from the pots and
scored for resistance. Classification was based on the amount of dis-
coloration in the taproot. A longitudinal cut through the entire crown
and root of each plant was made for classification. The plants were
divided into seven classes based upon symptoms;
One field study used two inoculations on tHe same plants (Wilson,
1961). The first inoculation was accomplished by'scraping stems near the
crown and rubbing inoculum into the wound. A.second iﬁoculation was made
by~§p1itting stems neér the crown and placing inoculum in the split. At
the tfmé of exéminat}on and classification the p]éntslwere dug, washed,
and rooté split 1ongitudinally; A Fusafium wilt index was used to scoré
eaéh piant; The index ranged from 0 {(no eviﬁence of infection)‘to 7.5
(dead plant). |
| A second method of inoculation usea in field studies was the

split-crown method (Wilson, 1961; Wilson and Melton, 1962).



In a'survey b? Legch (1959), roots éf alfalfa were collected and
examined for vascular and cortical discoioration and insect injury;i The
disease symptoms were deférmined by splitting the roots Tong?tud?nal!y
at several locations along their lengths. The amouht of vascular dis-

. coloration and-cortical disco]ofation or decay was rated.

Cralley (E. H, Cralley, 13952, Aifalfa'lmpr. Conf. Rep. 13:58?
59) described a method of evaluatfng élfalfa breeding stock forrresist"
ance to roo£ disease. Most of his work was done-Wi{h Fusarium épp.
isolated from diseased alfalfa plants. The plants were grown in sand
- and watered with a basic nutrient solution plus some trace elements.

The solution was applied three times a week at the rate of 0.96h4 liter
solution to each 11.355-1iter jar. The inoculum was grown in a liqﬁid'j‘
medium. The fungus was a]loﬁed to gréw about two dayé and then wés
applied to six~week~o!&'plants. The inoculum was épplied to roots which |
had Eeen cut with a scanél. Usihg one isolate; it was shown fhat:a

high level of N and P and a 1ow ]ével of K were Very-févorable for in-

" fection and subsequent death of the planﬁ

Schmitthenner (1957, 1964) descrlbed his mbthods for lnoculatlon -
of plants with root-rot pathogens. Virulence of the pathogen was eva?u~
- ated in the cotyledon stage by placing inoculum under the seed at plant~

nng time and at the unifoliolate stage‘by injecting a mycellum suspens.ion
around the base of ten-day-old plants. Such plants were usually beyond.
the’démping*off-étagé, Plants ffom sterilized §eed were grown.in auto-
claved qﬁartz sand‘in 0.473 liter paper cups and wétéred with a cémpféte
‘mineral solution. Mineral nutrition was controlled and roots Weré re;

~ moved easily from the sand culture. Each cup was infested‘by an
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injection ef 50 ml of two- to three-day-old shake culture of fungi in
Tiquid mediuh,> These injections were méde with a hypodermic syringe.’
‘The needle lnoculatlons were faster, ellmlnated abnormai woundlng of
.piants, and resulted in as severe disease as dld transplantlng in sand

nnocu]um mixtures. These methods were used to demonstrate pathogenucrty

of certain isolates of Fusarium, Pythidh, Rhizoctenia, andrPhytophthoré;
" Fulton and Hanson (1960) conducted studies on root rots of red
clover under greenhouse conditions at Wisconsfn; Pure cultures of iso-
lates were tesfed_fn white siiica sand, steamed soil, fum?geted sei1 |
and fiVe naturafiiy-infested.so;l'ls° Foluage of the plants was clspped at
frequent intervals to weaken plants and increase their susceptlblllty to
_pathogens. The amount of clipping that plants could tolerate was largely
lnfluenced by thelr rate of growth, which was influenced by temperature, *
iight, and other environmental factors. Twelve-week-old piants-recovered
less rapidly and deve1oped more disease‘thaﬁ eight-week-on'plahts'when
"given ;imilar clipping treatments. Clipping was a useful technique in
predisposing red clover to attack by weak pathogens. High tempera&ures
“stimulated development of disease, and more -disease developed_fn seme
'soils than others. In this teet the addition of pure cultures.of'fso-
lates to,naturéiiyfiﬁfested field soil had little effect on disease
| seQerity on unclipped biants° When pTante,Were weakened byiclipping,
sdme %soiates fncreased'the disease symptoﬁs iﬁ'some'soils, some had no
effect, and others reduced disease severity. The disease index used-in
this_étudy'was based on a scale of 0 to 8; 0 - no disease, and 8 -1Qer9 :

"severe; with dead plants not affecting the index.
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Cﬁi and Hanson (1961) studied the effect of balanced and un--
balanced nutrient solutions on the dqvelopment of red clover in sand
culture with ana~without Rhizobium and with and witﬁout F. oxysporum,
F. solani, or F. roseum. Less disease occurred under obtihum conditions
for the host.v'Six concentrations of Hoéélénd‘s solutfon wére used. The
soiuffon ranged from 0.05 to 3.0 times normal; 0.5 was best fdr;host
' development and least favorable-fof disease develapmént. 'fhe pathogen
grew over the éhtire range of soiution concentration, but grew best at
a concentration somewhét higher than the optimum for the hbst,V”Concen~'
tration of the nutrient so1ufion seemed more important on the hosé’than
én the pathogen. Disease severity was highest at nutrient con;enffations
below optimum for the host. The nutrients N, P, anﬁ K were omitted from
an otherwise balanced sélution. This reduced plant development while
the disease increased. When any of these nutrients (N, P, or K) were:
added, the disease decreased. Potassium caused the greafest decrease;
Plants inocujgted with nitrifying-Rhizobium were ﬁofé vigorous and‘had
less disease than’those uninoculated. |f high infestation WSth high
 disease severitvaas waﬁted, the concentration would lack N,_P,,énd K;'°
and be below optimum for the host, with no Rhizobium .fnoculation.
~Some methodg used for wilts also may be used effectively for
other diseases, such as root and crown rots. Armstréng and Armstréng
(3965); in>their»study of F. oxysgofum on alfalfa, grew plénfs‘fn steamed'
'sand in ei‘ght-iiter glazed pots with nutrientSolQ’tién -added 'dai.iy,, The
pﬂanfs'were inoculated by cutting the roots on §ne side_and.pouring:a_
R three-day—o]d.liquid culture of the fungus’around‘themn>'A témberatﬁre of

- approximately 28 C was maintained in a manually ventilated greenhOQSe,
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3. Phymatotrichum omnivorum

Streets (1937) mentioned foﬁr types of inoculum used for the
study of resistance of plants to P. omnivorum: (l) diseased roots fresh.
'Vfrom the field,'(z)'pure cultures from diseased roots, (3) fresh conidia
from spore mats, and (4) soil from root-rot-infested areas.

Butler (K. D. Butler, 1937. Studies on Phymatotrichum omnivorum

with special reference to the watermelon, Citrullus vulgaris schrad.

M.S. Thesis University of Arizona, Tucson) used both diseased roots
direct from the field and pure culture in studying resistance of water-
melons to P. omnivorum. In another test, roots of diseased cotton plants
were placed in hills along with the waferhelon seed at planting. A
second test was conducted using a pure culture grown on steamed carrots.
The inoculum was placed in holes in the center of the hills. Wilted and
. unwilted plants were removed from time to time. ~The roots were examined
and isolations attempted.

Brooks (1959) conducted é test for resistance to P. omnivorum
in alfalfa. The alfalfa cultivar test Qas planted on naturally-infested,
" Yohola, loamy, very fine sand following a cgop of sweet corn; The culti-

vars were piantéd in single-row plots, 91.44 m tong, 91.44 cm apart and

- replicated three times. The planting was made in late fall. The follow~

"~ ing spring’ali cultivars had good stands. Mortality from root rot
occurred in all cultivars by mid-summer. Stand reduction was measured in
linear hefers of dead plants per row. .

Infection studies (M. L. Milbrath, 1966. Histopathological

studies of infection of root tissues by the fungus Phymatotrichum

" omnivorum (Shear) Duggar. M.S. Thésis.v University of Arizona, Tucson)
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were conducted by exposing corn and cotton seedlings to a mycelial mat
of P, omnivorum gfown on agar. Histological sections were made of the

roots to compare the infection process of this fungus on young monocot

and dicot hosts.



MATERIALS AND METHODS

Parent Material

Selected plants from the 'Africaﬁ' and 'Lahontan' cultivars

served as,éargnt material for the study of the reaction of’their probé-
guies,énd progeny to the'fungi studied. These fUngi:Were R. solani,
.E, omnfvﬁfum, aﬁd Fusarium spp. The speciéé'of-Fusarium were not
identified. | |

- The original plant selections were obgained from Dr. M. H;
Schonhorst, alfalfa breeder, University of Arizona, Tucson. These’parént
planté had survived three sdmmers inléoils heavily contaminated with root-
’and crown=-rot fungi at the University of Arizona's Mesé Branch Station
- where the primary pathogen was P. omnivorum. Cotton was interplanted
- among surviving alfalfa plants the last two yéars preceding selection to
maintain a high Ievel of unfestatlon of this fungus in the test area.
The African plants from Mesa were desngnated as Mesa Afrlcan Root Rot
Resnstant (MAR) clones, the Lahontan selectlons were labeled the MLR
clones. | |

~ The surviving blants after three years in thé foot-rét area were
tagged for i&ehtification and cuttings wére made from them as needed.
The first bropagules were establisﬁed in bots in the greenhouse. These
plants alsb were utilized for making mére cuttings for field testing,
greenﬁouse testing, and setting up,po]ycréss seed‘producfion biocks.

Selfed seed was produced: from potted plants in the greenhouse.

28
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Other seléctions-were made from plants growing in a foot- and
'crown-rdt4inféstedrarea at the U. S. Department df'AgricuIture Plant
Materials Center, Tucson, Arizona. These plants,‘mainly of the cult?var
African, had survived in this area for several years. The plants were
treated simiiar to those from the Mesa Station. These alfalfa plants
were aesignated as Root Rot Resistant-Plant Material Center (RRR-PMC)
~clones. | |

Soﬁé commercial cultivars were used as checks to compare their

relative susceptibility to the root- and crown-rot fungi.

Propagule and Seed Production for Plant and Progeny Testing of

Selected Plants

Propagules were obtained from the three plant sources described
in the previous section.

Seifed éeed was produced on some of these clones grown in pots
in the greénhopge° Selfing was accomplished by rolling the raceme be-
tﬁeen the fingers to faciiitaté tripping and self pollination. This
method has been described by Bolton (1962). The seed pods were collected
at maturity and the seed was threshed and'cleaned.

Methods of crossing also have been described by Bolton (1962).
Iindividual selected plants were cross poilinated. The plants were
selected for their vigor of growth in the greenhouse. :Crossing was done
in the greenhouse by using a paper boat (folded index qafds cut to a
pofnt),: The point of the boat was inserted between the keel and standard
of the flower. This action tripped the flowers and the pollen Was col-

lected in the boat. The boat was then inserted into the flower of the
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- other plant involved in the cross. This procedure‘was very'effective'in
. transfer of pollen° This was repeated unti]_Sufficient crosses were made. -
The first flower trfpped was removed'to avoid. as ﬁanyrsejfed eeed as
: possi’ble° In this method no emésCutations wereinade, Amount of crossing
depended on differential pollen thbeAgrowth and Tevel of se]f—fertiiityq

- Polycross seed blocks were set up in the field at the Unfvers?ty 77
of Arizona's Campbefi AvenuerkFarm° The polycross method of,testfng '
alfalfa clones has been described by Tysdal et al. (1942)0 “Clones orig- |
inating from the same cultivar were kept in the same crossing biock; A
polycross of MLRfs was established with 56 clones. Three replicatione
were planted with blocks being randomizedrwith two propaguiea per entry
per rep1ication; The MAR's also were estahiished in a polycross seed
production block. hForty-three clonal lines were established in o]ots
| and replicated four times. Two propagules per plot Werersoaced 30.48 cm
apért*in the row,~and 66.20 cm between rows. .

A smaller crossing block was planted’to clones which produced
seed desugnated as . (PXS). There were 20 entries with two repllcatvons
aTwo propagules were p1anted per entry per plot. The entries consisted
" of some of the MAR selectlons and some PMC selectlons, whnch were avail-r
bable at the time of planting.

Ali polycross blocks were covered wnth plastic screen cages to-
insure isolation.. Crossing was accomplished by |ntroduc1ng honey bees
',nnto the cages,A The bees were. provided‘by personnel of‘the U;‘S.-
Department of Agrlculture Bee Research Laboratory in Tucson.

At maturnty seed was harvested from each entry° This eeed was -

'used for produc1ng p]ants for further testlng
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Preparation of lnoculum and Soil Mixture
A Fusarium sp. was isolated from diseased alfalfa roots by the -
late Dr. P. D. Keener of the Plant Pathology Department at the University

of Arizona, Tucson. Rhizoctonia solani was isolated by the author from

diseased roots'of_alfalfa in greenhouse studies using naturally—infested;
nbn-sterile sofl; o S . | - N -
Stock cultures were increased for‘use in inoculation studiés in
the greenhouse. - The stock cultures and recent isolates were transferred
to both slants and petri dishes containing potato-dextrose agar (PDA).
An oat medfum was also prepafed to increase cultures for inqcu!av
tion. Jars (0.95 and 1.89 liter) were half fi}led with oats then dis-
tilled water was added to f%ll the jar to 3/4 full. A hoie'was'punﬁhéd
in the lids of the ja?s-and a cotton plug inserted. This made it
possible to autoclave them’without,remcvihg the ]ias thereby—reddéing
contamination. lt’alsé facilitated inoculation of the oat mediﬁm wfth~
out getting contamination. The oat medium was aﬁtoc]aved three times,
usually at Qhe-Week intervals at 120 C with approximateTy 1 kg/cm?
‘pressﬁre for 20 minutes or longer. Plugs cut with a-cork Borer from
the mycelfal growth on agar or portionsvof the’stock:culture including
'mycelial growth and agar were tfansferred to the oat medium; Thé
culture-grew until most'ofrthe oat medium wa$>covered With mycelial
growth. It then was QSéd»for ?nocufatiné éojl mixthes in greenhoUse
“benches. | | |
Soil for the.grgénhouse expefimehts was prepared by mixing'fwo
parts loam Qith one part sand. \This mixture was fumigated by pouring

chloropicrin over the soil. This was covered'with'damp newspapers,
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“fthen w1th a piastlc sheet and a canvas>tarpaul|n to retain the fumes |
'iThls son? was._allowed to remain undlsturbed for three days before the

”rvcoveruﬁg was_removed° After remova] of the coverung, the soil m!xture

was exposedito air for a day. The-Jpam-and1sand mlxture was.moved-thh" 

- equipment which had been'treated Qith'S% formaldehyde°  A1I bencﬁe;n 
‘prepéred'for~the scif'mixture were $prayed with Captan fuhéicide prior
to ﬁlacihg_the soil mixture in them. fhe,loamVand>sand mixture was

'then mixed at a rate-qf approximately 18 parts ldém and_sénd fb thréé

i parts peat'moss~aﬁd onerpaft perlite. Thfs mixfure wa§ placed in several

 of fhe~benches which were to be used for the inoculation studies.

Methods of Inoculation and Materié]rTested
Greenhouse Qthies were conducted on four Iargeiﬁenches‘whi;h
Qéré partitioned into four parts each. These bencﬁ éections were given
a letter des{gnation for identification, e. g., Beﬁch A,~Bencﬁ B, Bénch C,
and Bench D composed the flrst Iarge bench, as'showh iﬁ Figure 1. Each
: desugnated bench e.g. Bench A, was approx:mate]y 2.44 m by 60 96 cm and |
- 25.40 cm high and was filled with about 0.31 m of soil pr soil mixture.

_ Greéhhouse Experiment 1: Bench D was planted wifh'pfopagu1és éf :
séjected piénts on November lk, T962, This investigation was-conducté&
fojdeterMineAthe persisience-o? pIantﬁ'ih fhe bench with no inoculation
éﬁd to study plant Spaéiﬁg and salt ac;um@latiénu _éixteénfentries Qerg‘ '
planteﬂ in fheTbgnch Qith six bféntihg rates. Some of the rates- were
dependentron.the-amouﬁt-of propagules avéfiasie, Rows Qere 60.96 cm ioﬁg
with 6, 7, 10, 14, 15}'ahd 20 planfs per'row;v THe rows were épproxi- o

" mately 15.24 cm apart.
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, Benches M and N were filled with the soil.mixture,r Seed of'nfne
~cultivars or strains of alfalfa were planted in Bench M for later use in
'>testing'established seedTihgs, Six of the lines were planted at two
~ rates in Bench M. Fifteeﬁ rows were planted with‘rows ISQZQ cm apart.'
Bencﬁ'N was treated the same as Bench M ekcept two of the alfalfa lines
vyﬁere changed in this plaﬁting. The planting was made oﬁ November 28,
1962, |

| Greenhouﬁé Expériment 2: Bench B containing the soil mixture was
'fhocuiated with 3,78 liters of Fusarium inoculum growing on oat medium,
The inoculum was spread uniformly over the soil and covered to a depfh of
2.54 cm on November 18, 1962, Ceftified seed of Hairy Peruvian alfalfa
(Lot 6099A) was pianted in 60.96 cm rows spéced 30.48 cm apart on February
16, 1963. This planting was made to determine the virulence of the
Fusarium spp. being used. A reinoculation of BenchlB was made August 15,
1963. inocutum was placed in furrows befween the rows of established
plants.

.Greenhouse Experiment 3: Bench J wés inoculated with macerated
roots and crowns of diseased alfélfa planfs dug from a border-size plot
(6G-79) of Sonora alfalfa at fhe University of Arizon; Mesa Brancﬁ Station.
Macerated roots and crowns (18.93 liters) were mixed with the soil mix-
fufe. " This experiment wasAplanted on May 14, 1963 with selfed seed of
selected clones. Certified Hairy Peruvian,(Lot 6099A)‘was u;ed as a
check in all experiments except Greenhouse Experiments | and 2. 'Selfed
seed of a selected plant, Caliverde ''C'", Was used as a éheck in.only

| part of the tests. Twenty-five seed were planted per row at 2.54 cm
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intervals l°27 ﬁm deép° Rows were spaced lS.Zh_cm‘apart. Selfed‘sééd
from'll éelected parent;plants'were planfed aionglwithithe checks. "

éreenﬁouse Experimént 4:_ Bénch L was iﬁoculgted.with,macérated
roots énq crowns of Sonora alfalfa. Seedlings from Bench M were trans4>»
piaﬁted to BenéhkLVOn_May 9, 1963. The root sy§tem§ were-injuféd'by o |
cuttingroffvfhe roofs about 5.08 cm Below the crown. Thirteen séé&iiﬁgéii
from each of eight Iines'weré é]anted in rows spaced 30.48 cm apart;
Greenhouse_Experiment 5: This test waé plantedlin Benéh'I and.
_conducted similar to'ExpérTment 3 and 4. Seedlings grown in Benches M
and N were t'ran‘Splanted:to'Bench’ll'° Six seedlings‘from eight ]in¢5'were
planted inArowé that Were spacéd 30.48 cm apart. The soil was inoculated
'oﬁ May 1L, 1963 and fhe seed]ings.Qefe tranéplanted én May 16;.1963.'<
Roots of these seedliings were nof damaged by cutting or wounding. i
Greenhouse Exﬁeriment 6: Bench E was filled with a mixture of -
- approximately eight-pafts_of soil from an area heavily infested with>the
cotton root-rot organism on‘thé u. S. Depértment'ofAAgriculture Plant
Materials Center at’Tchéﬁ‘with one part perlite and two parts peat moss.
| This bench waé planted on June 21, 1963 with polycross seed of MLR p‘ant5,
.- and seffed seed of the MLR's and MAR's. Fifteen liﬁes were plénfed with
25 seed of each line per row»at,lS,ZQ cm between rows. |
- Greenhouse EXpefimenf 7: Bench~F'cohtained soil from the U. S.
Department‘oflAgPiéulturé Plant Materials Cenfer at Tuchﬁ'With perlite
at a rate of 10:1, The‘benéh,was’planted on June 21; 1963 with polycfoss 
seed of MLR plaﬁts and selfed seed of the MLR's and MAR'S.. Fifteen lines

were planted with 25 seedzbf each line per row at 15.24 cm between rows.
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- Greenhouse Experiﬁent 8: Bench G was filled with a mixture of |
eight parts soil from the University of Arizona Mesa?Branch-Station root-
rot area, with two parts péat moss and one parf perlite. The bench wés
. planted'on June 21, 1963 with polycross seed of MLB'p]ants and selfed .
seed of the MLR's and MAR's. Fifteen lines were planted with 25 seed of
each line per row at 15.24 cm between }ows, |

Greenhouse Experiment 9: Bench H waé filled with a mixture of 10
barts soil from the University‘of Arizona Mesa Branch Station root-rot
area to one part perlite. The bench was planted on June 21, 1963 with
polycross.seed of MLR plants and selfed seed of the MLR's and MAR's.
Fifteenvlines were planted with 25 seed of eachAiine per row at 15.24 cm
between rows. |

Greenhouse Experiment 10: Bench 0 was filled with a mixture of
. four parts soil from the root-rot area on the U. S. Departmenf of Agri-
culture Plant Materials Cénter at Tucson to four parts soil frém the
Uhivérsity of Arizona Mesa Branch Stétion root-rot area to two»éarts beat
moss and one part No. 2 pe_rﬂte° The bench was planted on Auguét 12,
"1963 with polycross seed of MLR plants and selfed seed of the MLR;S ané
MAR's, Fifteen lines were planted with.25 seed of eacH line per row at
15.24 cm between rows.

Greenhouse Experiment 11: Bench P contained a mixture of five
parts soil from thé University-of Arizbna Mesa.Branch Station root-rot
area to five parts soil frqm the root-rot area on the U. S. Departmgnt.bf
Agriculture Plant Materials Center at Tucson'to_oné'part No. 2 perlite.

The bench was planted on Apgusf 12, 1963 with polycross éeedydffMLR
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.blaﬁts and selfed seed of thé MLR's and'MAR's..>Fifteenrlines were
planted with 25 seed of each line per row at 15.24 cmﬁbetﬁeeh rows .
Greenhousé Experiment 12: Benches A and C were pértitfoned‘into
{hree'sectiOns which were designated Afl,'A-Z, A-3, and C-1, C-2, C-3.
Bencﬁ A-1 contained a standard soil mixture to which 5.68 lfters
of R. solani oat culture were mixed. The inoculation of fhe soil was
made on August 15, 1963 for. all sections-of A and € beﬁéhes; vPlants or
seed were planted on September 19, 1963. -Established seedlings from
Bench M were planted in Bench A-1. These plants were selected for uni-
formity and their roots cut off 10.16 cm below the crown at the time of
p]antiﬁg into fhe_inoculated sofl°
Bench A-2 was inoculated with 5.68 lfters of Fusariﬁm sp. oat
culture and planted to established seed]ingSafrom Bench M. Four rows
with six seed]ingé per row.were plantéd. The p]ants.were selected for
unifOrmify and their roots cut off 10.16 cm below the crown at thé time
of planting into the inoculated soil. |
Bench A-3 was inocﬁléted wfth 3.78 liters of Fusarium sp. and
3.78 literg of R. solani oat culture. ‘Established seedlings from Berch
M were plaﬁtgd in four rows with six seedlings per row. The plénts were
selected for uniformity and their roots cut off 10.16 cm Ee]ow the crown
before planting into‘the inoculated soii;
Bench C-1 was prepared similar to A-1 with Bfrsolani oatlculfures.
" This was planted to four entries of>25 séed eéch.
Bench C-2 was inoculated with Fusarium sp. oat culture and

planted to four entries of 25 seed.
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Bench €-3 wés in&cu]ated with 3,78 liters R. solani oat culture
and 3.78 lfters of Fusariﬁm’sp. oat culture on August 15, 1963, and =
planted on September 19, 1963 with the same fouf entries as in C-1 and~
c-2. | |

‘Greenhouse Experiment 13: A second planting was made jn Benches
A and C after the first planting had been removéd° The second planting
was made on August b, 1964. . Bench A was hot-refnocdiated aszench € was
with the same type of {inoculum as used in the firét planting. Both
benches were planted with four entries. Two entriés were the cheék cul-
tivar Hairy Peruvian. One entry of Hafry Peruvian was untreated seed
while {Be other was coated wifh a bacterial residue provided by Mr. Elton
Mann, who at that time was with the Plant Patho]ogy Départmentvat the |
University of Arizona, Tucson.

Greenhouse Experiment 14: éénches_l, 4, and L were rep}anted
Jafter the first planting had been removed. fhe Bench with soil mixture
Was covered with a canvas tarpaulin and treated with methyl bromide.
~ The benches were exposed to the air for several days then repianted.i_
Bench | was ihqcu]ated with 11.35 liters of R. solani fnotulUm and
plénted oﬁASeptember 19, 1964 with seed of five entries that'wefe
replicated three times. - Bench J also was pianted on September ]9, 1964
with the éame entries and rep?icatfons as Bench I, but only inoculated
with 11.35 liters of sterilized oats with no érganism grbwiné on the

‘medium. Bench L was planted on September 21, 1964.  No inoculum was

added to Bench L. The same entries were used in Benches | and J.
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Field Experiments

:Fieid experiments were conducted. in a root-rot infested area to
detefmihe the relative persistence of-the progeny of MAR andiMLR clones.
The main organfsm in this area was P. omnivorum. |

Field'EXperiment 1 was a progehy test of African ﬁ]ants which
were selected for root-rot resistance. These were progeny of MAR clones
from Fieid H Mesa Branch Station andisome were progeny pf RRR-PMC clones.
Four repi?cations of 50 seed were'plantéd'in rows 2.44 m long with a .
30°48'£6 alley and 30.48 cm betweeh»rows° F@fty-three iines were in-
cluded fdr progeny testing either of éelfed seed, seed from the large
- polycross or small pd]ycross blocks. Eléven other strains or cultivars
also were in this test. This study was p]énted in Field H Border 16
Mesa Branch Station on December 30, 1963.

- Field Experiment 2 was composed of progeny testing xMLR'p],'ants°
Al1 of the seed was from a polycross'bTock,df the MLR c!oneé; -There
,wefe 30‘entries for pﬁdgeny testing. Thé test also included fpdf cﬁl-.
tivars. Four replications ofVSO seed per entry were planted in rows
2.4 m long with 30;48 cm alleys at the ends of the rows and 30.48 cm
between the rows. This test was p]anted'on December 30, 1963 af the
Mesa Branch Station in Field H Border 16.

‘ Field Experiment 3 was a second test of polycross pkogeny:df MAR
and RRR-PMC ciénes. . There were.30 MAR entries and two RRR-PMC entries.
Two cultivars also were pianted. This expéfiment was blanfed in a |
comp?éte randomi zed bloék designrwith four replicatioﬁs in Field H Bor;

“der 14 Mesa Branch Station on March 12, 196k. Fifty seed were plénted
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ber entry in rows 2.44 m long with 30.48 cm a]Jeys.aﬁ ends of the rows.
and 30.48 cm between the réws. | |

Figld'Expekiment L was planted in Border lh?,Fiéld H;vMesa
Branch Station on March 12, 1964, This was a progenyrfest 6F'46 MLR .
entries with four cultivars. FourvreplieatiOns.in a randOmized completé 
block design were planted witH'EO seed per entry,“sfmilar té the'ofhe} i

field experiments.

Evaluation and Classification

Greenhouse E%perimenté
Plants in Benches A fhrough P except Benches M, N, B, and D were

removed from the benches and scored for'tﬁeir resistanée‘or susceptibi]fty
to a pure culture of organisms tested, thdﬁe;organisms bresent fn_rp§t |
and crown inoculum or organisms present in ﬁaturally-infested'sbilf'
Peréentage survival of eﬁtrfes was recorded. Classifications were based
voﬁ discoloration of the root and crown. Discoloration wés determined by_.
cutting Iongitudfnaily.fﬁroughvthe entire root and crown of each‘plantQ
| Six classiff;ations_were used: |

0 - No'discoloration ‘

1 - Slight discoloration

2 - Moderate.discoiofation

3 -vHeévily diséolorgd

L - Diséolorét?dn'extensive_thfoughouf'}oot_and crown

5 - Dead plant
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A disease index was for the evaluation of tested lines. This showed the
relative amount of resistance to each line to the organism in the green-

- house experiments.

Field Experiments
Experiments were evaluated according tovabiiity of the alfalfa
]ihes to persist in the root-rot areas in which the plantings were made. -

This evaluation was based on percentage survival.



RESULTS AND bISCUSSION

Greenhouse Experiment |

Plants in.Benﬁh D were not dug for root ékamfnétioh, They were
~only observed for persistence in the bench under greehhouse conditions.,
All plants were alive at the time the lastvgreenﬁouge experiment was
concluded. The plants persisted over two yéars with no apparent ill
effects. This wbuld give an indication that a secondary pathogen coﬁ]d
be used in studies in greenhouses where_the plant deteriorates very
slowly. Although thfs type of study would take several years, it could
show whether an organism was. pathogehic_or non—pathogenic. One'wbu]d

also have to prevent contamination in the other benches.

Greenhouse Experiment 2

The Fusarium sp. isolates used in this experiment wereAnot vifu-
lent. Plants were ﬁot injured in any way to make an avenue for :infeétion°
‘Plants in Bench B were not dugifor root ‘and crown examination, ajthough
periodical?y some.planfs Were remqved-to maké {solétions. TheAplénfs
persisted for over two years until tHe final greenhoﬁse studieS'wefe con= -
cludéd° The Fusarium sp. was reisolated easily on potaté-dextrose agar.
Thus, the fungus was present in fhe plant. its presence could hot be.‘
'determined visually. There were no symptoms.‘_Fulton and Hanson (1960) .
had a‘simiTarlexperience‘in thgir,WOrk with'red'clover.'AThey'fandrthat
~ the dryAWefght measureménts indiéated some stuﬁting‘was-caused-by tﬁé

Fusarium sp. used; also, weakening of the plant sometimes permitted the

42
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fungus toishow its pathogenic nature. Theée regults indicafe& that-hanyb
 of the so-called non-pathogenic or secondary pathogens may;hévé effects
on plénfs but present methods of testing or observation for diseése:

~symptoms are not adequate.

Greenhouse Experiment 3

o

Results showing vafioUs,degrees of discoloration of rOot; énd
crowns of the entries in this‘test are Shown in Table 1;‘ The entriés
are'iisted in order of their dfsease index.t One entry,rMAR-38'S]§ was
completely lost in the experiment. The disease index was low,_this
v indicatedvthat althqﬁgh macerated'roots and crowns were a diréct source -
of inoculum, the'amount was'probably.small, Another possibility was
either some re;istahce to the organisms or the parasites on thé root
and crown were not'vefy virulent. .THree entries»o? the qhéck cﬁitivaf
Hairy Peruvian Were at various rankings among the entries. The open
polliﬁated cultivars were usually more variable than plants ffoh'segd :
of a single clone. .Sterilizgd oats could proyide a bettér medium and
greater distribution of the pathogen from‘the diseased root§ and ¢réwns

if they were mixed together in the soil.

Greenhouse Experiment 4

In Experiment 4 (Table 2) transplants were piaced ?n'inocu]ateﬂ '
'ASofiuv The'disease classification wa$ taken for both roots énd crowns..
Thé'diseasé-indexiwas determined by taking the averaée disease cléssi-
ficatfén Qf tﬁé roots and crowns and dividihg by the'number'of plants_}'
' ~claSSiffed,,.Usually the cfowns had a higﬁer diéeasgjclaésifiéation thah

" the root. This indicated that the disgase'organism'either attacked the = -



Table 1. Greenhouse Exberiment 3. A comparison of disease classification of 12 S; populations and
~ three check alfalfa cultivars; planted May 14, 1963 and classified January 31, 1964,

Total

- . -~ Disease
Entries N?° p]??tz | disease Diseasg , -~ Index
classi 13\ .classification a/ |gdex_ E Rank
MAR-27 S S 2 0 0.0 1
"~ Cert. Hairy Peruvian 1 7 0.6 2
MAR-35 Sy 9 7 0.8 3
.. MAR-33 § 7 6 0.9 b
- MAR=39 S 6 6 1.0 5-8
. MAR=32 S, o k 1.0 5-8
~ MAR-1 S, 3 3 1.0 5-8
MAR-43 S o , 2 2 1.0 5-8
Cert. Hairy Peruvian 7 8 1.1 "9
Caliverde '"'C'' Sy ' 7 9 1.3 10-11
- MAR-30 Sy s 6 -8 1.3 C10-11
Cert. Hairy Peruvian 10 1k T.h 12
MAR-4 S, 6 1 1.8 13
MAR-23 S, 5 10 2.0 1h
MAR-38 S, 0 0 5.0

15

a/ Classification is based on a scéle of 0 fo 5: 0= no4diséolora{30h of root and ci‘own9 and 5 =

mature plant dead at classification.

‘in the entry.,

This is the total disease classification for all plants

‘2/ Average of the disease classification for the entry.

4y



Table 2, Greenhouse Experiment 4. A comparison of percentage survival and disease classxficatnon ofiz'
‘ eight cultivars; transplanted May 9, !963 and classified January 27, 1964,

. No. of plants_ Survival | ~ Total disease,, Disease‘ Diéease

Entries trans-  classi- as classification = . c/ index
planted fied percentage rank - root crown index = rank
Lahontan~Lot 8-02-A | 13 11 84.6 2 6 11 0.8 i
Cert. Hairy Peruvian 13 10 76.9 4 6 1 0.9 2
Cert. Chilean 21-5 13 13 100.0 1 12 17 1.1 36
Zia B T § 84.6 3 10 14 1.1 3-6
Cert. Sonora 13 8 61.5 7 5 13 L. 3-6
Lahontan»Reﬁidue E/' 13 .7 53.8 8 5 10 1.1 3-6
Bam (PX) . | 13 10 76.9 5 o7 1.6 7
Sirsa (v-M) 13 9 69.2 6. 13 25 2.1 8

a/ Ranked accordlng to the number of mature plants at classification compared to the number of plants
emerged. - :

b ' , ) |

b/ Classification is based on a scale of 0 to 5: 0 = no-discoloration of root and crown, and 5 =
mature plant dead at classification. This is the total disease classification for all plants in
the entry. ' : B

4 Average of the disease classification for the entry.

d/

=" Remnant seed of Lahontan whlch was orlgenally pianted in the root-rot area at the University of
Arizona Mesa Branch Station and from whlch MLR selections were made°
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crown first, thereby discoloring it first, or the crown provided a more

optimum environment which allowed greater growth than in the root.

Greenhouse Experiment 5

_VExperimént 5 (Tab]e 3) was comparable to Experiment h.-‘lt'waé
expected.that the average .disease index in Experfmenf L should have been
higher than Experiment 5 since the roots in‘E*beriment b were cut off to
provide’a path gf infection while in Experiment 5 the aifempt was made
not to injure the roots. Secondly, the plants were spaced closer in
Experiment 4 which creafed more competition between plants. and therefore
produced weaker plants than in Experiment 5. Using Spearman's coeffi-
cient of rank correlation, there WAS no correlétion‘between the same
entries in Experiments 4 and 5; A higher diséase index in Experiment 5
“could be due to greater exposure of the roots tolthe fungus because of

less competition and more growth of the roots through the inoculated soil.

Greenhouse Experiment 6

Entries were ranked according to their disease index wheﬁ grown
in heavily infested soils from a_rdot-rot area (Table 4). This ranking
was.used primarily because the author beiieved that disease-free plants,
in the case of a classification of no discoloration, would be a better
method of selecting than on the basis of.percentage survival rank,»whefe
each individual plant was given a disease classification. Theré might

be soﬁe escapes due to the lackbof distribution of organisms or the lack
of a bath of infection into the planf, but these plants would be dis-
vcovered.in further tests. Soil from disease-infested fields was a Very

good source of inoculum. This gave the entire range of soil microflora



Table 3. Greenhouse Experiment 5. A comparison of percentage survival and disease classification of
eight cultivars; transplanted May 14, 1963 and classified January 27, 1964,

No. of plants

Total disease Disease

frirtes o T el erntoge romee/ Sisificationd 10 indes

" Sirsa (Y-M) 6 6 100.0 1 5 8 1.1 B
P2 x M-56-11 6 6 100.0 2 7 7 12 2
Zia 6 5 83.3 6 5 1.2 3

_ A}lingﬁon Cﬁilean 6 6 100.0 3 8 8 1.3 L-5
- Cert. Chilean 21-5 6 4 6.6 8 1 9 1.3 s
Lahontan Lot 8-02-A 6 5 83.3 7 7 7 1.4 6
Cert. Sonora 6 100.0 4 - i1 9 ]°7 7
Cert. Hairy PeruQian 6 6 100;0 5. ; 10 Il“ ' 1,8 » 8

a/ Ranked according to the number of mature plants at 6lassification compared to the number of plants
emerged. ' : : ‘

&/ Classification is based on a scale of 0 to 5: 0 = no discoloration of root and crown, and 5=
mature plant dead at classification. This is the total disease classification for all plants in

the entry. :

</ Average of the disease classification for the entry,‘

Ly



Table &,

Greenhouse Experiment 6.

A comparison of percentage survival and disease classification of

five Sy and nine polycross populations with one check alfalfa cultivar; planted June 21,

1963 and classified January 31, 1964,
Total .
. No. of plants Survival disease Disease, ~ Disease
Entries emerged al cl?55|- percentage rank &/ classi- “index 9/ index
' fied . fication™ _rank
- MAR-15 S 18 6 33.3 15 3 0.5 . 1
MLR-1 (PX) 19 14 73.6 5 8 0.6 2
CMLR-14 (PX) 17 10 58.8 8 7 0.7 3-4
Cert. Hairy Peruvian 15 6 Lo.o 14 4 0.7 3-4
 MAR-30 S, 17 15 88.2 3 12 0.8 5-6 .
MLR-56 (PX) 16 9 . 56.2 9 7 0.8 5-6
MLR-11 (PX) 17 16 9k .1 1 14 0.9 7-9
MLR-18 (PX) 18- 13 . 72.2 6 12 0.9 . 7-9
MLR=-37 (PX) 17 9 52.9 10 8 0.9 7-9
MLR-3 (PX) 21 19 90.4 2 19 1.0 10-12
MAR-32 S 22 15 68.1 7 15 1.0 10-12
RRR=-PMC- 2 Sy 8 8 Ly b - 13 8" 1.0 10-12
MAR-38 Sy 20 16 80.0 b 18 1.1 13
MLR-9 (PX) 14 7 50.0 . 12 9 o 1.3 14
MLR-6  (PX) 19 10 52.6 11 14 1.4 15

3/ 75 seed planted per entry.

b/

emerged

</ Classification is based on a scale of 0 to 5:

mature plant dead at class:flcatlon

the entry.

— Ranked according to the number of mature plants at classification compared to the number of plants

0 = no dlscoloratlon of root and crown, and 5 =

9/'Average of the disease classification for the entry.

This is the total disease classnflcatnon for al! plants in

8y
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found under actual field conditions, which would not be possible when.
using only a 'pure culture' for inoculation of plants.

Rhizoctonia solani and Fusarium sp. were isolated from roots of

plants from Bench E. Other fungi and bacteria were also isolated but
these were méiniy non-pathogenic. One isolate of R. solani was later

used in Experiments 12 and 13.

. Greenhouse Experiment 7

In éxperimént 7 (Table 5) 13 PX progeny of MLR and MAR with two
checks were tested in naturally-infested soil from the-U; S. Department
of Agricultﬁre Plant Materials Center, Tucson. Conditions were simila}
to those in Experiment 6 except perlite replaced peat moss in>the soi l
mixture. There was very little difference in fhe'results from these two .
experiMents;‘ The average disease index of bofh experiments was éEout the
same. This.inaicafed that the addftion or deletion of the peat moss did
not increase the amount of infection.  Again, the use of naturally-
infested soil provided a good source of inoculum for disease study. |

Rhizoctonia solani was identified as the major cause of damping-

" off. In isolates from older plants, Fusarium sp., plus some non-
pathogenic organisms were found. This showed both the presence of fungi,

" and that the naturally-infested soil could be used as an inoculum.

Greenhouse Experiments 8 and 9

The rank of lines according to their disease index from Experi-
ments 8 and 9 is shown in Tables 6 and 7, respectively. The average
disease index was very low. The check cultivar had a similar ranking in '

both‘Experimenfs 8 and 9. Both were inoculated with naturally-infested



‘Table 5. Greenhouse Experiment 7. A comparison of percentage‘5ur0uVai and- disease classification of

eight Sy and nine polycross populations with one check alfalfa cuitlvar, planted June 21,
1963 and classified January 31, 1964,

: : No. of plants : ‘ - Jotal Disease
‘ . - TecsTs Survival . disease Disease i nd
Entries . emerged a/ C_?SS' " percentage rank 2/ classi- index 9: fndex
‘ ' fied fication & e raﬁk
"MLR-22 Sy 17 15 88.2 5 8 0.5 1
MLR-25 (PX) 21 16 760 8 1 0.7 2-3
MLR-35 Sy 20 11 : 55.0 T4 . 8 0.7 2-3
MAR-45 S 19 18 9%.7 2. - 15 - 0.8 4-6
Caliverde ''C" Sy - 10 ~ 6 60.0 1 5 0.8 L-6
MLR-44 (PX) . 9 -5 55.5 12 b 0.8 L-6
. MAR-46 S, . .20 - 19 95.0 i 17 0.9 7-12
CMLR-B1 (PX) .15 14 -~ 93.3 3 : 12 0.9 7-12
MLR-29 (PX) . 23 - 20 .~ 86.9 6 17 0.9 7-12
MLR-13 (PX) - 15 o 73.3 9 10 0.9 7-12
. Cert, Hair ry Peruvian 100 . -7 70.0 10 6 0.9 7-12
MLR-7 (PX)" ' 19 ~ 10 52.6 15 9 0.9 7<12
MLR-32 S] 5 9 - 90.0 Sk 9 - 1.0 13 -
MAR-BH Sy L 18 10 55.5 13 12 1.2 14
MAR-38 Sy . . 18 SR LT 77.7 7 19 1.4 15

3/ 25 Seed planted per entry

b/ Ranked accordlng to the number of mature piants at ciassuflcatlon compared to the number of plants
emerged : : . . 4

e/ Classification is based on a scale of O to 5: 0 = no dlscolorataon of root and crown, and S
mature plant dead at classnflcatlon Thas is the total dlsease c1assnflcat|on for all piants in
the’ entry :

/ Average of the dasease c!assnflcatson for the entry

05



Table 6. Greenhouse'EXperiment 8. A comparison of percentage survival and disease classification of
six Sy and eight polycross populations with one check alfalfa cultivar; planted June 21,
1963 and classified January 30, 1964,

No. of plants . Total o Disease -
Entries classic Survival b/ disease ) Disease ind
emerged al fied percentage - rank = classi=- indexd/ tn ?x
' ted . ' fication & ranx
MLR-2 - (PX) . 25 1 bho 12 3 0.3 1-2
MAR-1 S, 21 9 42.8 13 3 0.3 1-2
MLR-37 (PX) : 24 17 70.8 7 7 0.4 3-4 -
Cert. Hairy Peruvian 24 S k5.8 11 L 0.4 3-4
‘MLR-17 (PX) 23 23 - 100.0 ] 17 0.7 5-6
MLR-6 (PX) 22 - 13 59.0 9 9 0.7 5-6
Root Rot PMC 4-8 S 18 18 100.0 3 14 0.8 7-1
~ MAR-45 S, . 23 23 - 100.0 2 18 0.8 7-11
MAR-33 Sy ' 23 22 95.6 - 4 18 0.8 7-11
MLR-4  (PX) 24 S22 91.6 5 - 18 0.8 7-11
* MAR-35 S 22 - 19 86.3 6 15 0.8 7-11
MLR-10 (PX) : 21 14 © 66.6 8 13 0.9 S 12-15
MLR-44 (PX) - .15 . 8 . 53.3 10 7 0.9 12-15
MLR-7 (PX) 21 S ' L2.8. - 14 ' 8 0.9 12-15
MAR-24 S, , .20 7 35.0 15 6 0.9

12-15

a/ 25 Seed planted per entry.

b/ Ranked according to the number of mature plants at classification compared to the number of plants
emerged. : ‘ : ‘ :

£/ Classification is based on a_ scale of 0 to. 5: 0 = no discoloration of root and crown, and 5 =
?ﬁturetpiant dead at classification. This is the total disease classification for all plants in
e entry. o . ' S .

4/ Average of the disease classification for the entry.

s



Table 7. Greenhouse Experiment 9‘ A eomparlson'of percentage'surv1vai and diseese classification of

seven S; and seven polycross populations with one check alfalfa cultlvar, planted June 21,
1963 and classified January 31, 1964

No. of plants Total

A : Survival disease Disease Disease

Entries a/ classi- : b/ eeetd v - index

_ emerged = fied. percentage rank 2 classi c index = rank

- ' fication <~ :

MLR-55 (PX) . 17 10 58.8 -9 5 0.5 R
MLR-7 S - 11 9 - 81.8 4 6 0.7 2-3
Cert. Hairy Peruvian ' 19 10 52.6 14 -7 0.7 2-3
-RRR-PMC-1 Sj : : 13 12 92.3 1 9 0.8 L-9
MLR=3 (PX) ‘ 23 21 91.3 2 16 0.8 L-9
MLR-7 (PX) o 15 - 10 66.6 7 - 8 0.8 - b-9
MLR=12 (PX). - 22 N T 63.6 8 11 0.8 - h-9
MAR-29 S 2y 12 57,1 10 10 0.8 ~ b-9
" MAR-342 , : 17 .9 52.9 13 7 0.8 - b-9
MLR-16 (Px)‘ . 18 L 77.7 5 13 0.9 - 10-13
MAR-23 Sy ‘ 4 20 . 14 70.0 6 13 0.9 - ~10-13
MLR-56" (PX) SR .8 - 57.1 1o 7 0.9 10-13
‘MAR-27 S ‘ 15 . 8 53.3 12 7 0.9 10-13
MLR-18 (PX) 23 200 ) 86.9 3 19 1.0 14-15
MAR-Z S N o | S 28.5 15 L 1.0 14-15

a/ 25 Seed planted per entry.

b/ Ranked accordtng to the number of mature plants at classification compared to the number of plants
emerged ‘ :

</ Classification is based on a scale of 0 to 5: 0 = no discoloration of root and crown, and 5 =
- mature plant dead at classnflcatlon This is the total disease classification for all plants in
the entry. o ‘ -

g/ Average of the disease classificafion for the entry.

(4]
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soil from the root-rot area at the Universify of Arizoha Mesa Branch
Experiment Statioﬁ. The disease index gbtained in Experimeﬁt 8 was lower
than that obtained in Experiment 9. This could be due to the'differeﬁt'
ent}ieS'used in each experiment; Also,Athe.additionrof peat mogs might.
have some hindering effect on the organisms in this éqil. if piants'had' 
been allowed to remain in the soil for longer periods of time, a Beftéf _
determination in the‘difference between lines probably could have been.

made .

Greenhouse Experiments 10 and 11

In Experiments 10 and 11 (Tables 8 and 9) a mixture of two soils'
from different root-rot areas was used for testing. Experiment 10 had.
peat moss while the soil mixture in Experiment 11 did not. The disease
indices were low. This would normally occur because these planté had a
shorter growing period, i.e., from time of planting to harvest. Thé
shorter the time in the bench, usually the less inféction and root and
crown discoloration. This soii was the samé‘as that ‘used for Experiments
6, 7, 8, and 9. There was a longer lapse of time between‘coilectingAbf
the soil frém the field and planting in Experiments 10 and ll,Athan in
other experiments. Plants of check cultivar Hairy Peruvian gave the -
samé disease index in both experiments.} The mixfure of naturally-
infested soils provided the source of inoculum. The mixture of the tworr
soils might have héd a greater diversity or'organiéms and bossibiy aﬁ. |
_interactionvbetween sources since they did ndt occur together under

fiéTd;cohditions



Table 8. Greenhouse Experiment 10. A comparison of percentage survival and disease classification of

six Sy and eight polycross populations with one check alfalfa cultivar; p!anted August 13,
1963 and classified January 28, 1964,

Total .
£ . No. of pla?ts o Survival disease Disease - D!§ease
ntries emerged a/ cfgszl percentage rank —/ b/ classi- indexfy i ndex
- e ficationt rank
~ MLR-1  (PX) .21 10 50.0 14 5 0.5 1
-~ MAR-46 Sy 20 17 85.0 7 10 0.6 2-3
MLRfRS‘(PX) 23 ‘ 19 82.6 .8 11 0.6 2-3
MLR=7 (PX) 22 12 54.5 13 8 0.7 4
MAR-23 Sj 25 23 ' 92.0 3 19 0.8 . 57
" MLR-52 (PX) 23 21 : 91.3 b 17 0.8 - 5=7
" Cert. Hairy Peruvian 16 12 . 75.0 10 9 0.8 5-7
MAR=~45 Sy ©23 . 23 100.0 1 20 0.9 . 8-12
MAR-38 Sy c - 23 22 . 95,6 2 - 20 0.9 8-12
. MLR-37 (PX) 20 . - 18 90.0 5 16 0.9 8-12
Caliverde "' Sy ' 16 10 : 90.0 6 9 0.9 8-12
MAR-342 S, 23 . 16 69.5 1 1k 0.9 8-12 .
MLR-18 (PX) 23 19 82.6 9 19 1.0 13-15
- MLR=-25 (PX) 25 17 . 68.0 12 17 1.0 13-156
MLR=36 (PX) - 22 -8 36.3 15 8 1.0 13-15

a/ 25.Seed planted per entry.

b/ Ranked according to the number of mature plants at classification compared to the number of plants

.emerged.

</ Classification is based on a scale of 0 to 5 O = no discoloration of root and crown, and 5 =

mature plant dead at classification. This is the total disease classification for all plants in :

the entry.

4 Average of the disease classification for the entry.

ie]



Table 9° Greenhouse Experlment 11. A comparison of percentage surv:Val and disease classification of
eight Sy and six polycross populations with one check alfalfa cultlvar, planted August 13,
1963 and classified January 28, 1964, ‘

Total

Disease -

No. of plants Survival disease Disease
Entries emerged 2/ CL?SZ'- percentage . rank2/  classi- ,  indexd/ Index
e fication& rank
MAR-1 S, ' 20 15 75.0 13 2 0.1 1
MLR-1  (PX) 22 22 100.0 ] 7 0.3 2=3
MAR-32 S] 20 '720 100.0 2 6 0.3 2~3
MLR-7 Sl ' 17 17 100.0 3 6 0.4 L
‘MAR-15 S, 22 19 86.3 10 10 0.5 55
MAR-29 S] 25 20 80.0 11 11 0.6 6
MAR-45 S .25 24 96.0 5 16 0.7 7-9
" MLR- 43 (Ax) ' .24 22 91.6 7 15 0.7 7-9
. MAR-342 s, S 20 15 75.0 14 11 0.7 7-9 -
MLR-18 (PX) ‘ 21 ' 21 100.0 4 16 0.8 i0-12
MLR-37 (PX) - 19 17 89.4 8 13 0.8 10-12
Cert. Hairy Peruvian 17 12 70.5 15 10 - 0.8 10-12
.MAR-38 § 21 - 20 95.2 6 17 0.9 “13-15
MLR-%8 (5x) _ 25 : 22 - 88.0 -9 19 ‘0.9 ~13-15
MLR-49 (PX) ; 22 17 77.2 12 15 0.9 13-15

3/ 25 Seed planted per entry.

.. b/ Ranked according to the number of mature plants at classification compared to the number of piants

emerged.

</ Classification is based on a scale of 0 to 5: 0 = no dlscoloratlon of root and crown, and 5
mature plant dead at classification. This is the total disease classif:catlon for all piants in
the entry.

4/ Average of the disease classification for the entry.

S
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Greenhouse Experiment 12

“ Bench A

Bénch A, in this experiment, contained transplants from Benches
M and N. Only one plant from éaéhiline from each section was given a
disease cIassificati‘on° Reisolation of.the_inoculating organism was
also made. The Fusarium sp. was easy fo'isolate; the R. soléni was
‘present on transplants but not common. The number of plants placed fﬁ‘
BenchrA andvtﬂe number remaining at harvést are.éhown.in'Table iO, In -
?.Bench A Section 1, which.wés inoculated with an isolate of R. solani a
"comparison was made on the discolorafion of the root bark of Sirsa (YM)
and Sonora plants. Sirsa (YM) had a lighter-colored root bark than
Sonora. The individual plants, chosen at random to make fsolates, showedr
more interidr root discoloration in the plant from Sonora than Siréa (Ym).
There might be some correlation between exterior>and interior root and
crown discoloration but this phase was not investigated.

in BenchAA Section 2, which was inoculated only with a Fusarium
' Sponisolate, the réot bark discoloration was about the same for all
entries. This might indicate that there was either little difference in
—resiétance’or the pathogen>acted uniformly on all entries as far as tﬁe
exterior of the root was concerned.‘

Sectioﬁ'3 of Bench A waSvinoculéted with both Fusarium sp. and
' 5} solani. In a comparjsoﬁ—éf exteriqufoot discolorat}on between two
entries, Héiry Peruvian showed a lighter discoloration fhan Sirsa (YM).

On individual plants taken for interior -root discoloration and isolation,



- Table 10. Greenhouse Experiment 12 (Bench A). Plant survival and single plant élassufucatlon of four

alfalfa cultivars in three lnocu!ataons, tranSplanted September 19, 1963 and ciassnfled
January 25,7 1964 '

Transplants ' No. plants at . Single plant

Sec 3

Entries - per bench harvest classification
section Sec 1. Sec 2 Sec 3 3/- ' Sec 1 Sec 2 Sec 3

Cert. Hairy Peruvian 6 6 6 5 ] 0 1
Certified Sonora 6 6 6 5 3 2 0
Lahontan 6 6 5 L 1 2 1

~ Sirsa (YM) 6 6 5 6 1 1 L
= Sec | = Rhizoctonia solani

Sec 2 = Fusarium sp.

Rhizoctonia solani and Fusarium sp.

LS
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Hairy Peruvian again-had less discoloration than Sirsa (YM). Whether |

this would be true for a larger population, is not knoWn.

Bench C

Threeviines‘and one check cﬁltivér'were planted with three inocu-
lations. These inoculations were Rhizoctonia sp. alone, Fusarfum sp. -
alone, and a combieation of the two. An analysis of variaﬁce wae run to
determine if differences occurred between lines or treatments (TabTe-ll)°
Hairy Peruvian, MLR-7 (PX), MLR-29 (PX), MAR-46.S] were compated..'The
"~ Fusarium treatment had nobeffect on ehergence so this was used as the .
standard for normal emergence as well as for the pre- and post-emergence
of the otHer two treatments. The efrof degrees ofrfreedom wae co}rected
for one value which was missing,in the data,l DunCan's:ﬁultiple_range
test between the three treatment means is shown in Table 12. There were
differences between the RHizoctonia_sb. inoculation, RhizocteniaAsp. and
Fusarfug sp. and thebFusari;m ep, alone. There was a nen-signifieant
. difference betheh Rhizoctonia sp. and the combination of Rhizoctonia sp.
and Fusarium sp. The Fusarium sp. eieher was-notvviru]ent.or acted as a
secondary pathogen with little effect by:itself or in cqmbinatioh'with
_Rhizoctonia ép. The Fusarium sp. also appeared not‘to hinder the“develop- 7_.'

ment er'pathogenicity of the Rhizoctonia sp.Aused.

Greenhouse Exberiment 13

This experiment was conducted in Benches A and C. ~Bench C was
reinoculated with the same strain of inoculum as used in Experiment 12.

Hairy,Peruvfan, Heiry Peruvian coated with a bacter?al4fesidue,'MAR-h6 Sys

and MAR-46 S2

were used in this test. The analysis of variance was based .



Table 11. Greenhouse Experiment 12. Ana]ysis of variance for four
' alfalfa entries and three inoculations based on percentage

survival.

Source - | df _ ss MS | F
‘Inoculations 2 15,072 7,536 36, Lhxk
Entries : 3 | 525 : 175 0.85ns
Error 2/ 4 827 207
Total ' 9 16, b2k 206.75

*% Significant at the 0.01 level

ns Not significant at the 0.05 level
a/ '

2/ Corrected for missing data

Table 12. Greenhouse Experiment 12. Duncan's new multiple range test of
mean percentage survival of four alfalfa entries when subjected

a/

to three inoculations. =

Rhizoctonia

— s Rhizoctonia - , Fusarium
4+ Fusarium —— —
22 28 " e 100

Means underscored by the same line are not significantly different at
the 0.01 level.
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' on root and crown discoloration. There were no differénces between,]fﬁes
as shown in Table 13, There was a difference in treatments; thch'ié
shown by Duncan's multiple range test in;Tab]e 14; These differences
were for root discoloration at harvest. ‘The amount of survival caléulated
for post- and bre-emergence damping-off also showed differences between

treatments (Tables 15 and 16). The higher means showvgreater survival.

Greenhouse Expefiment 14

The results of Experiment 14 are shown in Tables 17, 18,—aﬁd 19.
There were significant différences émohg entries (Table 17). Error (b)
in TaB1e 17 was corrected for six missing values. The entries were
ranked accordiﬁg to their disease index (Table 18). The MAR-46 S, showed
cbnsiderably more root and crown discoloration than any of the other
. entries. There were no differences bétween>fhe inoculations (Table 19).
Thishwas probably aue to ineffective soil sterilization byvthe méfhyi
bromide treatment an&.meant.the soil in the bénches Qas already con-
taminated. This gave about the‘same efféét és adding ‘a pathogenic ’
‘_ brganism° | A

Thé (MLR-7 PX) Si had the best disease»indéx ranking (Table 18).
_This‘entry was‘the.se1fed pfogeny~of a selected plant from MLR-7 (PX).
Thé plant wés selected for its lack of dfscolbration in the root énd
crown. Thls indicated that this was an effectnve method of selecting
plants for more disease res:stancea The (MAR 38 x MAR- hz) S‘ was
 selected like (MLR-7 PX) Si- The entry from which this parent plant
wasAsélécted waS not in this ekperident. The dlsease |ndex of (MAR 38

x MAR-342) S was slightly lower than the check, Halry Peruvuan
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- Table 13. Greenhouse Experiment 13."Ana1ysis of variance of six
inoculations and four alfalfa entries based on disease
ciassificationf

Source o df - SS MS F

Inoculationis 5 0.85 . 17 ' 8.9k

Entries . 3 0.03 .01 .526ns
Error 15 0,28 - .019
Total 23 1.16

%% Significant at the 0.01 level

ns Not significant at the 0.05 level

Table 14.

Greenhouse Experiment 13. Duncan's new multiple range test of
mean disease classification of four alfalfa entries when sub-
jected to six inoculations. 2

Fusérium R+ F : inoc R Rhizoctonia Inoc F ‘ ;nzcé
0.25 0.4 0.4 0.5 0.5 0.8

D

‘“E/ Means underscored by the same line are not significantly different at
the 0.05 level .
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Table 15. Greenhouse Experiment 13. Analysis of variance of six
inoculations and four alfalfa entries based on percentage

survuval
Source - df . ss A s F
lnoculations . 5 23,616.95 4,723.39 - 30,65%%
Entries 3 125.89 | 41.96 0.27ns
Error 15 2,311.66 154,11
Total = - 23 26,054.9

%% Significanf at the 0.01 level

ns Not significant at the 0.05 level

Table 16. Greenhouse Experiment 13. Duncan's new multiple range test of
mean percentage survnv7l of four alfalfa entraes when subjected
to six inoculations. =

lnoc :F'

R+ F inoc R inoc F R + Fusarium Rhizoctonia
10.9 1.3 - 25.7 L7.9 82.9 87.3

a/ Means underscored by the same line are not sugnlflcantiy different at
the 0.01 level
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Table 17. Greenhouse Experiment 14. Analysis of variance of five alfalfa
entries and three inoculations based on disease classification.

Source : o df | SS MS F
Replications 2 2.37 1.87 2.27ns
Entries (Seed’Lots)‘ L 47.22 i1.80 14,29%%
Error_(a)r : 8 B 6,61 .83
lnoculations 2 © 3.08 1.54 3.83%
ﬂnoculatiohs'ﬁ Entriés 8 - | 3.00 .37 1.00ns
Error ) & 18 7.23 ko |

Total ‘ 42 69.50

* Significant at the 0.05 level
%% Significant at the 0.01 level
ns Not significant at the 0.05 level

af Corrected for missing data
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Table 18. Greenhouse Experiment 14, Duncan s new multiple range test of‘
' mean disease classification of five alfalfa entries when sub-

jected to three inoculations. &/
_: oo (MAR- ' Hairy '
(MLR-7 PX) S| MLR-7 PX MAR—34%) : Perovion MAR-46 S,
0.66 . . 0.7 .02 1.06 3.39

a/ Means underscored by the same line are not s:gntflcantly different at
the 0.01 level

Table 19. Greenhouse Experiment 14, Duncan's new multiple range test of
mean disease classuflcatnon for three lnoculat;ons on five

alfalfa entries. -

No inoculation v Sterilized oats. gh'ZOCtOP‘a.:
A ; inoculation

1.26 ' RN | | IfRS

/ Means underscored by the same line are ‘not sugn|f|cantly dlfferent at
the 0.05 level .
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- MAR-L46 Sy's werebthe selfed progeny of a field—selecfed planf. It is "
possible .that the parent plant.could have beeﬁ‘an eséape‘or,differenf
pathégéns were present in the bench than those that oécurred fn the

root-rot area from which it was selected.

Field Experiment 1

Results of Field Experiment 1 are shown in Tables‘20 aﬁd 21,

This was a polycrbss progeny test of African seledtioﬁs. The analyéis
of a spfit plot design based on stand counts at three different stages
of disease devélopment in the field is shown fn Table 20,‘ The first'
stand count was taken April 29, 1964. This was béfore the pathogen

had become active.' The second stand couﬁt was taken on August 13,

1964, which was about the middle of the séason for the main pathogen

(P. omnivorum) in the test area. The final stand count was taken on
October 3, 1964, when the pathogen was once again entering its dormant
stagé° The stand counts were significantly different (Table 20), which
indicated the pathogen was killing plants during tEe period the stand
counts were taken. This wés éSpeciall} noticeable between the first

and second_gtand'counts. Percentage survaa] at the last étand count

is shown in the last column in Table 21. This could be a criterion used
“for selecting parent clones for a disease-resistant synthetic. Those
clones whose progeny were above the mean in the test Qbuld be expected
to pgrfqrm the best. In a recurrent selection program,‘the‘surviving
plants éohld be isolated and iﬁtercrossed. The seed planted from these
crosses would be for another cycle of selection to increase’ the gene

frequency for resistance against the pathogens causing root and_crbwn rots.
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Table 20. Field Experiment 1. Analysus of variance for percentage sur-
vival of polycross and S] progeny of 43 African clones with
10 check alfalfa cultlvars 4

Source T S MS F
Stand Count . 2 - 15280.74 7640.37 1214, 30%+
Replication . = 3 -~ s126 . 17.09 2.72ns
Error (a) 6 35 6.29 |
Entries 52 783.59 1507 3.97
Entries x Stand 104 1164.60 o 11.20 2.95%%
Error (b) 468 1775. 74 3.8
Total . 635 19093.68

*% Significant at the 0.01 level

ns Not significant at the 0.05 level



Table 21. Field Experiment 1. Averages of stand count on three dates

and percentage survival of polycross and Sl progeny of 43
Afrlcan clones with 10 check alfalfa cultivars.

Stand - ' '
tan Stand Stand % Sur-

Entries 2/ : “Count 1 . Count 2 - Count 3 ' b/
 4/29/6h - 8/13/6k qos3s6h - Vvival .

MAR-16 (PX) L 7 500 -~ 2.500 . 2.250 30.000 -
MAR-24 (PX) L. 8.000 . 2.500 2.250 - 28.125
MAR-18 (PX) L 6.500 1.750 - 1.500 23.076
MAR-3 (PX) L 8.500 2.500 1.750 20.588
MAR-45 (PX) L 10.750 2.250 2,000 18.605 -
MAR-6 (PX) L 7.250 1.250 1.250 17.2h1

. MAR-2L4 S 12.750 3.250 2.000 15.686
MAR-34 S, 13.750 2.250 2.000 14.545
MAR-27 S 20.250 3.500 2.750 13.580
MAR-38 (PX) L 11.500 1.500 1.500 - 13.043
MAR-4 (PX) L 13.750 2.500 1.750 12.727
MAR-19 (PX) L 10.500 1.750 1.250 11.905
MAR-12 (PX) L 11.750 2.000 1.250 10.638
MAR-29 (PX) L 12,750 1.500 1.250 9.804
MAR-27 (PX) L 10.250 1.500 1.000 9.756
MAR-32 (PX) L 10.500 1.250 1.000 9.524
MAR-30 (PX) L 8.750 1.250 0.750 - 8.571
Zia (ck) 6.500 0.500 0.500 7.692
RRR-PMC -4-8-5s, 10.000 1.000 0.750 7.500
MAR-342 Sy ‘14.000 1.750 1.000 7-.143
MAR-22 (PX) L : 11.000 1.500 0.750 6.818
MAR-13 (PX) L ‘ 11.250 1.250 0.750 6.667
Arlington Chilean (Ck) 11.750 2.250 0.750 6.383

~ MAR-26 (PX) S 8.500 . 1.000 "~ 0.500 5.882
RRR-PMC~4-8 (PX) S 12.750 1.000 0.750. - 5.882
Hairy Peruvian (Ck) 9.500 0.750 0.500 5.263
MAR-40 (PX) L 9.500 1.750 - 0.500 5.263
RRR-PMC-4-8 S, 19.500 1.500 1.000 5.128
MAR-25 (PX) S 10.250 .1.000 0.500 L.878
MAR-43 (PX) L 10.250 1.000 - 0.500 4,878
MAR-14- (PX) L 10.750 1.000 0.500 - 4,651
MAR-46 S . 16.500 1.000 0.750 4,545
RRR-PMC-2 S » 16.500 1.250 0.750 4,545
P-2 X M-56-11 (Ck) 17.250 1.000 . 0.750 L.348

0.750 0.500 b

MAR-23 (PX) L : 12.000 167
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Table 21 (continued).

_ ‘Stand Stand Stand o
Entries a/ Count 1. - Count 2 ‘Count 3 V?V2$rb/
L/29/64 8/13/6k 10/3/64 ST
Chi lean 21-5 (Ck) ' 12.250. - 1.500 0.500 L.082
MAR-30 S . 14.000 - 0.750 0.500 3.571
MAR-10 (ﬁx) L. 9.000 1.250 . 0.250 2,778
MAR-9 (PX) S ‘ 9.250 1.500 - 0.250 2,703
Bam . (Ck) o 9,250 - 0.500 0.250 2.703
_Y-M Sirsa (Ck) 9.500 voﬁ500 0.250 2.632
MAR-31 (PX) L 10.500 - 1.250 0.250 2.381 "
MAR-2 (PX) L 10.750 0.500 0.250 2.326
MAR-33 (PX) L 10.750 0.500 0.250 2.326
MAR-35 (PX) L : 11.000 - 0.750 0.250 2.273
M-56-11 X P-2 (cCk) 11.250 0.500 0.250 2.222
RRR-PMC~2 (PX) S 11.500 0.750 0.250 2.174
MAR-1 (PX) S 12.000 0.500 - 0.250 2.083
RRR=-PMC~1 S 12.000 1.000 0.250 2.083
RRR=PMC~-1 (ﬁx) S 13.250 - 1.000 0.250 1.887
MAR-37 (PX) L 14.250 1.250 0.250 1.754
Lahontan (Ck) - 14.500 - 0.250 0.250 1.724
Sonora (Ck) 10.250 0.000 0.000 0.000
Means 1.472 1.330 0.835 7.279
a/ (PX) L = Seed produced in the large polycross block.

(PX) S
3

Seed produced in the small polycross block.
Selfed seed produced in the greenhouse.

noen

E/_Rankéd according to the percentage of plants at final count (Stand
Count 3) compared to the number of plants at the original count
(Stand Count 1). : '
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Field Experiment 2

Resuits of Field Experiment 2 are shown fn Tables 22 and 23.
.This was a progeny test of Lahontan cfones;A Stand counts of thfs'field :
experimént wgrg'Significantly diffefght, as were those stand counts in
Fieid Experiment 1. The sfand counts were taken at the samé time in both
experimentsov‘égrcentage survival is shown in‘the last column in TabléVZB;
For recurrent seiection, those surviving plants could be-intercrossed and
the séed produced planted back in the réot¥rot area for another cycle of

selection.

Field Experiment 3

The analysis of Field Experiment 3 (Table 24) was based on three
stahd”counts. The first stant count was made on June 4, 1964 before the
péthogen in the naturally-infested soil had killed any plants. The
secondAstand’gount was made on August 26, 1964 which was about mid-season
for the predominant pathogen (Ef-omnivorum). The third and final stand
count was made on October 3, 1964 at the time when the pathogen entered
itsAdormant period. There was a significant difference between stand
counts (Table 24). The greatest reduction in number of plants occurred
between .the first and second stand counts. Percentagé'survival is shown
in:tﬁe Iast column in Table 25. Selectioﬁ of clones for further testing
could be based on this ranking. The parents of progeny that were above
fhe-meaﬁ in ranking could be combined for a s?nthetic. Sprviving plants
in the test could also be used for intercrossing and subsequently used

for another generation of selection.



70
Tab!e"22° ‘Field Experiment 2. Analysis of variance for percentage sur-

vival of polycross progeny of 28 Lahontan clones with six
check alfalfa cultivars.

Source o Css. ks Fo
Standeounts 2 7299.95 . 3649.97 95. 7k
Replication 3 , | A48 11 49.37 1.30ns
Error (a) | o | 6 ,‘. 228,74 : 38.12 | |
Entries 33 s517.58 15.68 2,65
Entries x Stand 66 833.22 12.62 2. 13%%
Error (b) - - .297  - 1760.40 5.93

~ Total = ho7 10788.00

%% Significant at the 0.01 level

ns Not significant at the 0.05 level
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‘Table 23. Field Expériment 2. Avefége stand count on three dates and
‘percentage survival of polycross progeny of 28 Lahontan clones
with six check alfalfa cultivars. .

‘Stand Stand Stand
Entries. Count 1} ~ Count 2 Count 3 % Sur;/
' - L4/29/64 8/13/6k 10/3/64 vival =
MLR-30 oL - : - 9.500° 3.000 2.250 23,684
MLR-29 : -7.000 2.000 : 1.500 21.428
MLR-20 , -~ 8.750 2.250 1.750 20.000
MLR-19 s 4,000 1.250 0.750 18.750
MLR-24 13.750 3.000 2.500 18.182
MLR-26 ‘ 10.000 ©2.500 : 1.750 17.500
Hairy Peruvian (Ck) _ 6.250 . 12,000 1,000 16.000
MLR-17 : 10.000 2.250 1.500 15.000
MLR-6 = . ' 10.250 2,000 1.500 o 14,634
MLR-16 ) . . 10.500 2.750 1.500 14,286
MLR-33 ‘ o 7.000 o 1.250 1.000 . 14,285
MLR-7 . 13.000 2.000 1.500 11.538
- MLR-32 . 9.500 1.500 1.000 10.526
MLR-10 : 12.500 2.000 1.250 , 10.000
- MLR-8 10.250 1.250 1.000 9.756
. MLR~34 - 10.500 1.500 . 1.000 9.524
Zzia (Ck) : 5.500 0.750 0.500 9.091
MLR-25 o 11.500 1.250 1.000 8.696
MLR-18 _ _ 6.250 0.750 0.500 8.000
MLR-3 ) 10.250 1.500 0.750 7-317
MLR-11 | 10.500 1.000 0.750 o 7.143
MLR-13 | | | 14.000 2.000 - 1.000 7.143
MLR-21 10,750 1.500 ’ 0.750 6.977
MLR-4 11.250 0.750 0.750 6.667
MLR-12 15.250 -1.000 1.000 6.557
- MLR-23 12.500 1.250 : 0.750 ©6.000
MLR-22 ’ 8.500 2,000 ‘ 0.500 - 5.882
MLR-31 . - 10.000 1.250 0.500 . 5.000
MLR-1 (Ck) o 18.750 1.250 0.750 4,000
Bam (Ck) . 6,750 0

. 750 0.250 / 3.704



Tabie 23 (continued).

Stand Stand Stand .
Entries . . Count 1 Count 2 Count 3 % Sur;/
4/29/6k 8/13/6h 10/3/64 vival =
MLR-9 7.000 1.000 0.250 3.571
MLR-15. | 10.500 0.250 0.250 2.381 -
MLR-27 10.500 0.750 0.250 2.38]
Lahontan (Ck) 15,000 1,000 0.000 ~ 0.000
Means B 10.221 1,544 0.978 9.569

af Ranked according to the percentage of plants at final count (Stand

Count 3) compared to the number of plants at the original count

(Stand Count 1).
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Table 2h. Field Experiment 3. Analysis of variance for percentage sur-

vival of polycross progeny of 32 African c]ones with two
check alfalfa cultivars.

- Source . df , SS ‘ MS . . z. F
Stand Count - 2 - 4679.37 2839.69 »l 152;88*%
Replications 3 33.02 II;OI ‘ V‘Qa59ns
.Error (a) - , 6 111.45 18.58 .
Entries 33 906.02 27.46 3.78%x
Entries x Stand 66 h99;l3 - 7.56 - .i,okns
Error (b) | 297 2156.03 " 7.26 |
Total ko7 9385.02

*% Significant at the 0.01 level

ns Not significant at the 0.05 level
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Field Experiment 3. Average stand count on three dates and
percentage survival of polycross progeny of 32 African clones
wnth two check alfalfa cultivars,
Stand Stand Stand : o
Entries &/ Count 1 Count 2 Count 3 % Surg/
6/4/64 8/26/64 to/3/6h - vival 2
MAR-19 (PX) L . 9.250 4,000 3.250 35.135
MAR-45 (PX) L 9.500 3.750 3.000 " 31.598
- MAR-12 (PX) L 11.750 5.250 3.250 27.660 -
MAR-27 (PX) L 9.250 3.250 2.500 27.027
MAR-23 (PX) L 12.500 - 5,250 3.250 26.000
MAR-10 (PX) L 18.000 8.750 L.500 25.000
MAR-31 (PX) L 12.500 - 4,500 3.000 24,000
Hairy Peruvian (Ck) 6.250 3.500 1.500 24.000
MAR-43 (PX) L 5.250 - 2,500 1.250 23.809
MAR-16 (PX) L 8.750 2.250 2.000 22.857
MAR-25 (PX) S 8.000 3.750 1.750 21.875
MAR-2 (PX) L~ 13.750 5.500 3.000 21.818
MAR-18 (PX) L 12.000 3.000 2.500 20.833
MAR-14 (PX) L 8.500 2.750 1.750 20.588
MAR-30 (PX) L 9.750 3.750 2.000 20.512
MAR-3° (PX) L 6.750 4.000 1.250 18.518
MAR-38 (PX) L 11.000 3.500 . 2.000 - 18.182
MAR-29 (PX) L 10.000 2.750 1.750 17.500
MAR-37 (PX) L 11.750 - b.500 2.000 17.021
- MAR-24 (PX) L ~9.500 4.500 1.500 15.789
MAR-9 (PX) S 8.000 - 2.750 ¢ 1.250 15.625
MAR-22 (PX) L - 13.000 4.000 2.000 15.385
MAR-6 (PX) L. © 7.500 1.500 1.000 13.333
MAR-40 (PX) L - 11.500 2.500 1.500 13.043
MAR-32 (PX) L 8.250 1.500 1.000 12.121
MAR-35 (PX) L 14,750 5.750 1.750 11.864
MAR-33 (PX) L 14.250 2.750 1.500 10.526
MAR-1 (PX) S 10.000. 1.750 - 1.000 ~ 10.000
MAR-L  (PX) L - 9.500 1.250 0.750 7.895
RRR-PMC-2 (PX) S - 12.750 3.000 1.000 7 843
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Stand

a/ ~Stand - Stand )
Entries = Count 1 - Count 2 Count 3 % S"rg/
6/4/6k 8/26/64 107376 - Vvival =
MAR-26 (PX)_S : 8.000 1.250 0.500 6.250
RRR-PMC-1 (PX) S 13.000 2.500 0.750 5.769
MAR-13 (PX) L 9.000 3.500 0.500 5.556
Sonora (Ck) 10.500 1.000 0.500 ‘ L.762
Means 10.412 3.412 1.82k  17.518
3/ (PX) L = Seed produced in the large polycross block.
(PX) S = Seed produced in the small polycross block.
b/ . .

~"  Ranked acéordnng to the percentage of plants at final count (Stand.

Count 3) compared to the number of plants at the original count

(Stand Count 1).
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Spearman'srcoefffcient of rank correlation was calculated for the

rankings of common entries in Field Experiments 1 and'3. There was posi-
tive correlation between the two experiments at the 0.05 level. This

indicated a similar reaction in these two field tests.

Field Experiment &

Results of ?ie]d Exberiment‘ﬁ aré shown in Tables 26 and 27. Thé'
gtand counts for{this experiment were made on the same dates as Field
Experiment 3;, The standAcounts were significantly different between the
first and second counts, showing that the péthogen was ﬁost active'during
that period. Séfection‘of parentbc!ones of .tested progeny again_wdu]d Be
made on percentage survival shown in the last célumn in Table.27. A
selection critérion'for a synthetic would be those parent clones Qhoée
proéeny had a percentage survival above the mean. Recurrent selection
cquld be made by intercroésing surviving plants and planting the seed
back>in the root-rot afea.

~ Spearman's coefficient of rank correlation was made between com-
mon entries in Field Experiments 2. and L, which were both of Lahontan
selections. There was no correlation between the two experiments. This
might have been due to the fact that during the previous growing year,
the border in which Fiefd'Experiments 1 and 2 were planted had the high?y »
_ susceptible cultivar 'Bam' grbwn in it. All the Bam plénts in the bbr-
der,»with very few exceptions, were either killed or stuht;ed° This meant
thaf the oréanish was well distributed ovgr'the entire border. The bor-
der with Field Experiments 3 and 4 had been planted the previous year to
' ﬁbtton.r The cqfton was planted between surviving alfalfa p1ants; The

infected areas were large spots, but did not cover the entire border.
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‘Table 26. Field Experiment 4. Analysis of variance for percentage. sur-

vival of polycross progeny of L6 Lahontan clones with four
check alfalfa cultlvars

Source df -ss oM F
Stand Count 2 9169.81 h§8h.91 360, 18w
Replication 3 103 035 0.33ns

. Error (a) , 6 | 76.38 3 12,73>.

CEntries 49 1008.91  20.59 3,78k
Entries x Stand 98 775.52 7.91 1.45%
Error (b) b} 2401.09 5.4k
Total. 599 13432.74

* Significant at the 0.05 level
*% Significant at the 0.01 level

ns Not significant at the 0.05 level



Table 27. Field Experiment L.
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Average stand count on three dates and '

percentage survival of polycross progeny of 46 Lahontan clones '
with four check alfalfa cultlvars »

- Stand

Stand

Stand

a/ -

MLR-4

12.500

0.750

0.750

" Entries Count 1. -~ Count 2 - Count 3 % Sur-
" 6/4/64 8/26/64 10/3/6,  Vvival =
MLR-37 10.500 3.250 2.750 26.190
MLR-33 12.000 3.000 2.750 22.917
MLR~-17 11.250 2.750 2.500 22.222
MLR-39 11.750 3.250 2.500 21.277
MLR-32 .- 7.250 L.000 1.500 20.689
MLR-18 10.000 3.750 2.000 . 20.000
Hairy Peruvian (Ck) 10.000 3.000 2.000 20.000
MLR-34 i4.250 3.000 2.750 19.298
MLR-16 8.000 L .000 1.500 18.750
MLR-35 13.500 2.750 2.500 18.519
MLR-27 5.500 2.000 1.000 18.181
Lahontan (Ck) 14.250 5.500 2.500 17.544
- MLR-47 8.750 3.000 1.500 17.142
MLR-13 6.750 1.250 1.000 14.814
MLR-42 10.750 1.500 1.500- 13.953
MLR-49 10.750 2.500 1.500 13.953
MLR-41 14.500 3.000 2.000 13.793
MLR-55 12.750 2.250 - 1.750 13.725
MLR-56 11.250 - 3.000 - 1.500 13.333
. MLR-40 13.250 3.250 1.750 - 13,208
MLR-21 7.750. 1.500 - 1.000 12.903
MLR-19 . 6.000 . 2.250 0.750 12.500
MLR-25 9.500 1.750 1.000 - 10.526
MLR-6 - 7.750 3.000 0.750 9.677
MLR-46 10.750 2.250 1.000 9.320
MLR-15 8.250 1.750 0.750 9.091
MLR-36 11.000 1.750 1.000 9.091
MLR-31 12.500 3.250 1.000 8.000
MLR-52 9.500 1.000 0.750 7.895
MLR-10 6.500 3.250 0.500 7.692
Zia (Ck) 3.250 1.000 0.250 .7.692
MLR-24 13.500 2.250 1.000 - 7.h07
Bam (Ck) "~ 13.500 3.250 1.000 7.407
- MLR-22 8.250 1.500 0.500 6.061

' 6.000 -
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‘Table 27 (contiﬁued).

Stand Stand .- Stand

- Entries ' Count 1 Count 2 Count 3 _% S?ra/‘ :
6/h/6k - 8/26/6h 10/3/6k vival =
MLR-43 8.500 . 0.750 0.500 5,882
MLR-7 . 8.750 | 1.500 0.500 5.714
MLR-53 ‘ 8.750 0.750 0.500 © 5,714
MLR-45 . 9.000 1.500 0.500 5.556
MLR-8 10.000 1 2.500 0.500 5.000
MLR-20 , 10.500 1.500 0.500 4,762
MLR-26 11.000 0.500 0.500 - 4,545
MLR-30 \ 11.250 2.250 0.500 L, 44y
MLR-50 ' 6.750 - 1.500 0.250" - 3.704
MLR-44 14.000 2.500 0.500 2.857
MLR-3 11.250 1.000 0.250 2.222
MLR-9 7.500 0.750 0.000 0.000
MLR-38 ' 6.500 0.250 0.000 0.000
MLR-48 6.250 0.000 0.000 0.000
MLR-11 6.750 0.750 0.000 0.000

Means 9,885 2.170 1.115 11.279

o/ Ranked according to the percentage of plants at final count (Stand

Count 3) compared to the number of plants at the original count
(Stand Count 1).



SUMMARY

Testing of alfalfa for its reaction to R. solani, P. omnivorum,
and Fusarium Spp.'waé conducted on propagu]eé and progenf of parent
material selected ffom the cultivars African and Lahontan. Check cul-.
tivars weré also used. |

Séveral inoculation experiments were made in the greenhouse.
Fungi were grown on an oat medium and mixed with a sterile soil mixtufe.
3 Macerated.diseased roots and crowns also were mixed with a sterile soil

mixture. NatUra1|y°infested soil from root-rot areas also wés used as a
source of inoculum. Established seedlings and éeed of various polycrosses
and selfed seed from parent material were planted with the various |
sources of inoculum to determine effecfiveness of the inoéﬁlétion, and to
-determine differences in level of resiétance of individual entries in

the test. |

Methods of inoculation and resistance of lines were evaluated by
percentaée surv?val, root and crown discoloration, and visual observation

of plant condition. Some inoculations of fﬁngi were made to determine
which organisms were the causal agents bf the root and crown rots.

Four field experiments were conducted in a root-rot area at the
University of Arizona's Mesa Branch Station. Polycross seed from parent
clones; selfed seed, specific crosses, along with check cultivars were
planted using randomized complete block designs. This was to evaluate
éarent material by progeny testing and to determine which lines had the

highest survival percentage. The surviving plants in theses tests were

80
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saved to produce intercrossed seed to continue the program of'recurrgnt

selection for resistance to the root- and crown?rot.complex of southern

Arizona.

fieid experiments:

L ]
°

There wefe several observations made from the greénhouse and
There was less effect on older plants when they.ﬁere planted in
inoculated soil than~§n younger plants or plants produced by
direct seeding into inoculated soil.

The longer plants grew in inoculated soil thé.highef their disedse
index was, based on root and crown discolgration.

Inoculations made witH diseased plant material were less severe

on plants than inoculation with pure cultures grown on an oat
medium., Naturally-infested soil also was a good sourcerof inocﬁ¥,
lum for greenhouse experiments.

Plants persisted for two years in bencﬁes containing sterilized
soil.

In inqcﬁlation studies, fungi were easily reisolated from pléntsv
fnoculatéd with specific fungi.

There were differences between lines of alfalfa in suscebtibilityA
to the strains of pathogens useda,'>

Field experiments were more valuable than greénhouse tests. They
permitted testing much larger populations with much less effort.
In general,_polyéross progeny from resistant parent plants had a

higher level of survival than the driginal or parent cultivars.
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