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Alfalfa ranks hi^-h In importance among forage erops In the United

States. It It renerally oonoeded to be the beet forage erop in existenee

for te-iperate parte of the world In regard both to yielding capacity end

feeding value. It ie very prominent in the drier faming reglone and in

the laet few yen re hae rapidly rained an important plaoe in the north

oentral atatei or eorn belt region. Alfalfa ie not only grown for it»

forage value for etoolc but it also hae a plaoe In orop rotatione elnoe

It le oapable of enrlohing the toll with nitrogen, Ite habit of rapid

growth Iff. alao of importance in any consideration of ite value aa a

paeture plant. It ie an old and stabilised erop, prrbably planted and

oared for by nan before hletory waa written. The plant hae proved ite

value and eeeina pemarently eeta' liehed. 3y natural selection and breeds

leg work by man resietant varietiee have been found and no doubt the

alfalfa orop of today ie rauoh more vigorous growing and disease-free

than it hee been at any other tine in ite hletory.

Any disease-producing organism that onuses damage to euoh a orop

doservee some study. Al'alfa met ie not the most important dieeeee of

the orop today, but in reeent years, especially In 1986 and 1938, it

hae done more danage than realised. It hae ease to the attention of the

Kansas farmer as well as plant patholoiriste because of ite damage to the

later outtinra, especially ite vigoroua attaolc on the crops grown for

seed production. Alfalfa rust has been known to ooour for many yeara

but it seldom hai been found to oause enough damage to warrant much

attention.
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Continued field examination* of nearly any crop will bring to light,

from time to tine, in obviously peraaitio rolee, fur gi that nay generally

appear to be of no real ham to plant*. Suoh parasites are of little

importance to the Teneral fanner and most pathologists, yet, with other

minor pests they contribute measurably to the reduction of yield by

disease. (fc suoh a orop as alfalfa, whloh has a value as a soil builder,

they exert an indireet and tangible infl-jer.ee oonoerred with more than

yield alone. In years when alfalfa ruat Is hardly more than noticed by

the farmer and plant pathologist it often as a direot and detrimental

effect on the vigor ef a plant which is relied upon to improve the soil,

welmer and Sadson (85) presented the alfalfa disease problem very

simply in 1988. They said, "Only in reoer.t years have the diseases of

alfalfa beoore sufficiently destructive to attraot the interest of the

grower. Certain leaf diseases have long been known, but they appear only

at Irregular intervals and apparently oause only a temporary setbaok to

the plant, so they reoelve little attention. During the last few years,

however, a decided ohange has taker, plaoe. In many localities, alfalfa

stands no longer last fron 10 to 15 years or more, but may be so depleted

before the end of the seoond or third year as to become unprofitable.

This rapid dying out »» the alfalfa stands has aroused much interest in

the subject of alfalfa diseases."

Henoe, in view of the faot that very little is known about alfalfa

rust, one of our common leaf and stera diseases, a general atudy was

outlined to determine the importance and distribution of the disease,

faots about its life history, how alfalfa strains may be tested for

reeistaroe under controlled conditions in the nursery, greenhouse and



laboratory, and whether there i« any difference In susceptibility of

various strains and Tarleties of alfalfa to the patbo~en.

RKVIKW OF LIT I

Causal Organism of Alfalfa Rust

Thsre is son* disoreparoy in tho Hterat-ire ps to the classification

of the cr-aniso causing rust of alfalfa. Sob* of tho references list it

as 'Jromyoes medioaglnia Fass. while others speak of it as U. etrlatus

Sohroet., the latter nana holding the preference at present. Arthur (l),

in 1918, oalled it U. -isdloaginls , but later (2) he listed it as D.

itriatus . tfhile there is not oompleta agreement among authors upon the

nana of the organism, it will be referred to in this paper as ' . s»riatu8 .

Arthur (2) stated that the first culture of the rust was by Schroeter

who in 1S84 reported sowing spores from aeola of Euphorbia oyparisslas on

Tri folium agrarlum and obtaining the Uroayoea . o i. ted that Trebaux in

1912 reported wills, aeoiospores successfully from Euphorbia gerardiana

and JS. vlrgata on ertioago faloata , _. lupullna , and U, satlva, and later

stated that he ir.feoted M_. wlrl-na , B, nurex or.d T-ifollin arrange with

aeoiospores from S. vlrgata. From these results Trobaux assisted this

proved that the assignment cf Jronyoes strlatus to both ''adloago and

Trifollun as hosts was oorreot.

Arthur also observed that this sreoies has not been reported in the

united States on Tri folium although Kobel as well as "linkowskl and Lehnanc

(9) obtained infeotions by eowin.- aeoiospores from _B, oyparlssias on

spesiet of t'edioago and Tri folium . Klir.kowski a-rf I«hwar.n er-roluded, "It

serves to mention that the alfalfa rust belongs to the host-changing rust

fungi (alternate host—Euphorbia oyparisslas )."



Arthur (1) made cultures with uredloiporea in 1910 a.-v' a^ein in 1911,

using spores from planta of "edloago satlva eowri on _. aatlva, Trlfollun

pratense , T. -adlun and J, repana, produoed infootion only on edloagp.

Similar acta of sowings were nade later with the sane results. Aooordlng

to Arthur (2) telloaporee are rarely found in Arerioan oolleotions.

Cunningham (6) agreed with Arthur on the above polnta and diseussed

the oonfusion in literature oonearning the relationship of the teleutosorl

on ' 9dlcai-:o satlva, and aeoidiosorl on KuphcrMa oyparlgslas . e also

reported ohroeter'a original work, and, in addition, stated that Jordl

found that aeoidiosorl on this s;:«eiea ooourred in the eyole of a morpho-

lo.-loally identical Uromyoea on a speoies of Lotus , and save to it the

i

name, £. euphorblae-oornloulatl . Tie latter waa considered by Orove to

be a dlstinot speoios, U. lotll r'lytt, although Arthur considered that nana

to be a synonym of U. striatua. Clinton (5) stated that the rust appears

to be closely related to the red clover rust with whleh It was closely

associated in one of the fields he observed. After reviewing all the

evldenoe, Cunnln ham ooneluded that ainoe all ferns under dlaouasion are

norpholo-ioally ider.tioal, it seeded evident that they must belong to the

saae speoies.

anga or <Jeographleal Distribution of Causal Orfwilssi

Alfalfa rust is common in the united States and is perhaps world-

wide in distribution sinoe it haa been reported from every continent where

alfalfa ia grown. Its range, acoordlng to Arthur (2), is Vassaohusetta to

3outh Dakota, southward to North Carolina and Texas, and frora Oregon

southward to Arizona and southern Callforniai also in the neat Indies,



I'exioo, South America, Kurope, southern Asia, northern Africa, Japan and

W Zealand. 1'attraes (17) In 19S3 reported Uroayoes atrlatue on luoeme

as new to the island of Cyprus,

Arthur (Z) reported rust on different s eolee of "edloam in the

United states namely, yedioa.73 satlva L. in Alabane, Arlsona, California,

Colorado, Indiana, Iowa, Kansas, Louisiana, ;'ehras';a, W:io, Oklahoma,

Pennsylvania, South Dakota, Tennessee, Texas an? Utah; ','. falcate L. in

South nakotai V. hlsplda Oaortn. (j|( dentloulata valid.) in California

and LouisJanai _. lupullna I., in California, Delaware, "entucky, assa-

ohusetts, Tew York, North Carolina, Ohio, Oregon, Jennsylvania, BOst

<nie and Ontario; and M. t'jborculata Killd. in Louisiana,

the following naps (Fire. 1-3) afford a better picture of the dis-

tribution f the disease ir. the united States. Figure 1, whloh le froa

the Tlart Disease <*porter (20), rlvee all reports of rust on ' edloaso

aatlva ar.d U, lupullna up to and Including the >»ar 1922,

Figure 2 includes all reports of the disease in the United States

from 1917 to 1989 inclusive (Plant Disease Heporter, 20). This is by

no means a oomplete reeord ef the ooeurrenoe of the rust. It does,

however, give a Rood idea ef its prevalenoe and distribution in the states

and lists the relative number of ttaM that the disease las been reported

to the disease survey.

Figure S lrdioates only »he states in whioh the writer has had

direot eorrespordenoe with plant pathologists In an effort to learr. more

about the 000 rreroe, distribution and prevalenoe of the met organism.
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Economic Importance cf Disease

Alfalfa rust la considered to be of very little economic importance

in sore regions. Dut in other areas it is oonsidered by authorities as

one of the most important leai
- and ston diseases. Its dana,^e in any one

seasont of oourse, depends to a great extert upon the prsvailin- o limatic

eoniitlons, especially the amount of rair.fall during the summer months

and the later part of the growing season. This rusttln all oases, seems

to do its greatest damage to the erop that is being saved for seed, as is

well illustrated in Fig, 4. However, under favorable conditions, it may

be conspicuous in the later hay outtings in the western Mississippi valley.

Figure S shows rusted steir.s in oci.trast to a noninfeeted stem*

From all indioatlona the disease oauees greater losses in the wamer,

more humid parts of the United States than in the cooler areas. Brown and

3ti"«ets (8) reported, "In Ariscra, in irrigated fields, usually there is

enough moisture for the development cf the disease on the lower leaves of

the alfalfa plants i in dense stands spotted leaves and ste-.s nay be

abundant." They listed such injury as hypertrophy or overgrowth of plant

parts oausir. - a defomed a pearar.oe and infected seed pods that often

produce a variety of sises of seeds, sons abnormally larre, sons normal,

some small and dwarfed. Suoh abnormalities are certain to affeot the

economic value cf both the hay and ssed crop,

Kelehers (14) said that rust is not as injurious to the alfalfa crop

in Kansas as the two leaf spots, Tseudopeslsa leaf spot and alfalfa leaf

blotch. Over a S or 10 year average this is truej however, so-™e attaolcs

by the rust funi-us in more recent years ' tve unquestionably been important,

depending on prevailing weather conditions.



ETPLAKATIOK OF

A. Stan froa a heavily mated plant enowing »«»« defoliation and
numerous uredia on intornodea.

B. Stan froa a rust-free plant of the anna age ahowinc retention
of leaves and olean lnternodes.
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In California, Weinr-r and Kadeon (23) found that the disease ooourred

on alfalfa leaves ar.d fre-uently on eteae during a largo part of tha> year,

hut was espeelally abundant during tha auamer. Tha leaves and sterna of

tha aead orop ware usually heavily infeeted and often oeuaed serious

injur;,-, Suet, however, aeeo.-dir.r to them, rarely did auoh damage to tha

hay crop,

Flamnel and King (19), reporting on four rew fungous dlsaaaas in Iowa

in 1910, stated ttiat rust ahowed up in July and spread very rapidly during

the next two weeks, reaching the epidemic stag* in early Aupuat, Alfalfa

rust baeaine epidemic again ir. the lata sure-pr of 1911 in the alfalfa plots

on the oollege farm, especially on voluntear plants,

Clinton (5) stated that rust has bear, found in (ton-actlout alfalfa

fields only twioe ard than It was so scarce that it caused no evident

harm. Freeman (8) froa Kansas likewise found that rust oauaod no serious

loss in alfalfa fields in this country but that it was rather oo-mon,

Olckeon (7), ir. 1959, said rust ooourred fairly commonly on alfalfa in

the United States, esieoially late in tN> season, h-t little da_-!iaee -esulted.

In a report from Germany Minkowski ar.d Lehmann (9) stated that in

Ferioda of damp weather ruat injury from "romyoes striatus was stron ly

manifested, Urge losses caused by this fundus were hardly known. They

reportad that in oertain regions of the Ebited itatea aead alfalfa was

often so greatly injured that a considerable out in yield resulted.

Hivikov (18), in 1938, deteoted a dsranreraent of Tietabolisre in the

leavos of alfalfa when infeoted with the ruat ronyoea striatus . By

ohemioal analyses >e endeavored to determine the eignifioanoe of alfalfa
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He gathered leaves at different dates from both healthy ar.d diseased

plants lr.feeted naturally. Ch the flrat date, the leaves of the diaeaaed

plants were about 50 pereert Infeoted. On the seoond date, just three

weev-e later, the leaves of the plants were 100 ceroert infected. Theaa

samples ware analysed for oarbohydratea, monosaccharides, di saccharides,

dextrin, staroli, heni-celluloae, oelluloae and also for total nitro-en,

pr tein nitro -en and nonprotein nitrogen.

The healthy and diaeaaed leaves of the firit fathered did not, as a

whole, ahow a difference in carbohydrates, notwithetanding *he faot that

the diaeaaed leaves expend more of them. This, '>e said, waa due to the

faot that the paraaite can drew or mobilise reserve oarbohydrutee from

other organs of the plant to the plaoa where thay are being esreoially

rapidly oonsumed, in oonreotion, for example, with, apore formation, "la

analysis of the second gathering showed many feet-ires in coranon with tha

first but waa quite dlrfere't in some respects. The total oarbohydratea

waa 14.6717 for the nonlnfeoted and 11.7839 for the infeoted,

His data on tha oontart of nitrogenous subataneea in he> lthy leaves

are of no less interest. The diseased leaves of the first gathering had

leaa total nitrogen, as alao less protein and nonprotein nitro^n, than

the healthy one. By tha time of the aeoond gathering, the nitrogen oontent

had increased in the healthy leaves and deoreased in the infeoted ores,

especially in the case of protein nitrogen. He remarked that it waa

hardly probable that nitrogen should be drawn from the diaeaaed leaves

into other organs of the plant. He then ventured the supposition that

infeotion with rust oreated oonditiona in whioh oombined nitropen waa

converted into gaaeoua nitrogen, whioh in turn, esoaped from the leaf.
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KlviJtov later stated that infeotion of any of the higher planta with

rust led, n :t only to a deoreaae of tha general production of dry aubstanoe

but alao to a yield poor In nltroganoua oompounda. Consequently, the

food value of planta lr.feotod with rust was notably diminished. ;'e alao

remarked that thia faot ia eapeolally Important with regard to luoerne,

whieh, when lnfeoted with mat, loaea, to a certain extent, not only ita

food value, but lrasmuoh aa ita nitrogen oontent decreases, alao one of

the principal propertiea determining ita place in crop rotation—that ia

to aay, ita capability of enriching the eoll with nitrogen. In closing

he concluded! "Aud ao, aa a oauae of deran -ement of the physlolo.Tioal

rr oossca, the rjst, nromyaea atriatua , ia a serious source of Injury to

lueerne and consequently ought to reoeivo more attention than ia ordinarily

paid it."

For losses due to the or-anisa and aa an aid in determining the dla-

trlbution of the diaease, the riant Disease importer (20) was very helpful,

-urirg the twenty-five years, 1916 to 1940 inclusive, alfalfa mat waa

found to be listed 29 tinea, either in the -Supplements or the regular

numbers of Hie Plant Diaease Ssporter. These reports, in a general way,

gave a panorama of the oeeurrenoea of the diaease In the United States.

They, however, are not abeolutely aoourate alnoe alfalfa rust undoubtedly

must Kara appeared some place in the United Statea on years when it was

not reported, [luring tl.e years 1916, 1917, 1918, 1926, 19S2, and 1938 no

reporta were aent to the diaeaae aurvey. Thia mlmht indicate that on

theae years ruat waa relatively unimportant or perhapa not even noticed,

but notee recorded in files at the Kanaaa station by Dr. D. P. Creager In

the sunnier of 19SS denoted that the diaeaae appeared on July 7, one of

the earlieat recorded dates si coourrei ce of the disease.
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Aooording to reports, ru»t was aoat severe in Oha United States In

the years 1915, 1921, 1922, 192*, 1980, 1933, 1934, and 1939, Turing

1928, the states cf fennsylvanla, Illinois and Missouri reported the

disease to the survey for the first time. It also ooourred In Irdlana In

much greater quantities than usual that year, especially in tfea oertral

and northern parts. In ''issouri It was unusually abundant in the far»

orop plots at the university, irhlle workers reported that the outbreak

of 1922 was tie most severe that had ever been noted In 'ansae. Consider-

able loss also was reported from Louisiana, where the disease is usually

prominent, while In Arkansas much damage resulted frosi the shedding of

leaves.

In a report of the plant diseases In Iowa in 1927 unusually severe

lnfeetions of rust were recorded for some of the southern counties, causing

considerable dwarfing of the leaves. Kelner (21) reported In 1929 that

rust (£, madloaglnls) was very prevalent in southern r-alifornla In the

fall and added that he i ad never Been the disease so destructive elsewhere.

In some fields as h< rh as 76 percent of the levee were attao-ed and

ste-i lesions wsre also abundant. Again, in 1933, <ielsier (22) reported

Mast met was very severe in his plot* in October when nearly 100 percent

of the plants were affeeted and swuiy leaves were lost.

The occurrence of heavy infeetlo' a of alfalfo rust In Cklahci-a were

observed by Oester (4) in 1939. Ba noted the presence of the disease in

uany flelOs and added that only rarely had the or-ani«» been known to oause

the defoliation frequently observed in that year. These observations were

ta!-en as early as July 18.
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Kpiphytotioa soer. to ooovr in looalised areas in the 'nited States

nearly every year, depending on the prevailing weather conditions in the

area, 'ew Jersey, the Carolines and Georgia, the Half states, eapeolally

"ississippi and Louisiana, and the part of Texas along the lower io

Srar.de Valley seem to report rust very frequently, However, the locality

in the Tfaited state* where the irrpatest amount of danase Is done year after

.year is in the fo.-. belt along the eoaat in southern California. Extended

rainy periods during the month* c-f July, Aur.ust, or September nay lead to

general epiphytotiss In the inland states suoh as Kansas, Oklahoma,

Uissouri, Towa, Illinois, Indiana and Arkansas.

Alfalfa rust also scams to manifsst itself in the irrigated distriots

of the Southwest, ma'nly ).'aw "exioo, Arizona and parts of southern California.

In the 26 years, a total of 34 states and the territory af 'avail

reported alfalfa rust to the disease survey. Of the 84 states, California

and Texas reported r-st the greatest number of tines.

In an effort to learn more about the prsvalenee, distribution and

ooononio importance cf alfalfa rust in the middle western states and also,

perhars, to obtain information on overwinterin?;, and the date of first

anpearanoe, t're writer eer.t letters of inquiry to plant patholo-ists or

y
forage men from several of the states and Canada. In several, the lnforma-

iS The writer is indebted to the following persons for information on
alfalfa rust supplied throuph eorrespondenoei Dr. K. Starr Chester of Okla-
homa A. end K. Collegei Dr. VI, E. Haneval, University of '.'issourlj ir. J. 0.

5rown, tnivereity of Arlsonai Dr. A. A. Dunlap, Texas Agrteultnrnl IxwerisMBt
:">tationj ' r. J. 0. Diokscn, diversity of Visoonsin; " •. '. . Melhus, Iowa

State Colle -e| Or, I. -'.. Forbes, Louisiana state ''nivorsityi TV. J. J.

Christenoen, University of Winresotai TV. J. !
! . Jensen, University of "ebres—

Vai Dr. 0. B. CumraingB, Purdue University; I. «. lewis, Sichi -an ' tate Col-

legei r r. ', ".'. Durrell, Colorado State Colle»e| Dr. L. C, Snyder, South
Dakota State Collegei Br. J. U. Raeder, University of Idaho| '". E. 'orris,
Montana State Collegei Dr. V. 17. Toung, University of Arkar.sasi Dp, Tf. K.

Brentsel, }!orth Dakota Agricultural Collepiei J. J. Baylea, Superintendent
of the Texas substation at Bolnorhea, Texasi and Dr. I. L. Corners, of the

Central Experimental Farm at fittawa, Ontario, Canada,



tion obtained wes of very little value as far as an increased knowledge

of the organism Itself is eonoerred. It farther proved that little Is

really known about the life history of the cr seisin, evorthaless, by

MM of eorrespooderco, opinions were obtained on the Importance of the

rust In various areas, as well as valuable Information concerning the date

when the disease generally sokes Its appearance.

It was interesting to note that In some states alfalfa rust was un-

known, while in others, pathologists were very much aware of its preser.ee,

AeocrdW to information obtained by oorreepondenee, rust has never been

found in Idaho, Kcrth Dakota and Montana, <r.ly one roport was listed fran

Klnnesota and South Dakota. It is not at all omaoB In Colorado and

investigate rs In Arkansas had almost no Information to report. All these

reports, however, do net ooinoide exactly wit), those of the Plant nisease

Reporter. In 19J1 the disease was reported fror. Mr* ->akota and in 1989

Oromyoes r-crMoaylnl a was listed as ooourring among the diseases of alfalfa

in Uontara. Tnis latter report was the first time that it had been r.otioed

in ti.e state.

Aa a direot contrast to the absrve statenents, Chester reported that

Uroayces striatus was very prevalent in Oklahoma and ha reraart-ed that

lettere from growers nearly every year expressed oonoorc at the trouble

and requested control reoomendations. M stated, "The rust Is apparently

our leadir; leaf disease er>d cause of defoliation and must be seriously

affeotlng tonnage in many oasea. This past year I hare found it in every

alfalfa field examined. In October, 1938, I observed a field near :;orman

ae heavily rusted as to ohange the color of the field when viewed from a

dlstansa. I estimated 10 percent damage, but thia may have been an under-

estimation."



Brown of Ariior.a reported that rust can be found praetioally through-

out tha year In son* of their alfalfa growi-~ dietrlots but that aore mat

usually ooourred In later outtings aa oceipared with the first outting in

spring. He remarked, "Ordinarily, the rust does not appear to oauae great

loss, but occasionally It is bad In oertaln fields. At tines it is present

only in a few apots per leaflet! again it is abimdant. Ctae field of

alfalfa near Tueaon, 18 aeroe in extent, was so badly affeoted by a ooa-

bination of rust and girdle at the beginning of autumn that further

outtine was abandoned and liveatook turned in to graze.''

Alfalfa rust oaused oooasional heavy losses in Missouri and Iowa

reported that stria ti-es it becomes destructive. Growers from the irrigated

land of western Texas have reported that the disease had reduced the crop

in their flelda Bore than half, ether states, Wisconsin, Nebraska,

Indiana, and Hiohinwi reported ruat to be usually of winor importance.

It is also intereatlr.g to note here that rust, aooording to I. L.

Connera, ocourred and oaused some injury in Canada and ean be found aa

far north and east aa Prince Edward Island. U listed six references to

the disease in the Canadian Annual -terorts slnoe 1926,

HOST AKD PARASITE PELATICBSHIP8

Etiology

Urpp.yoee strlatua la a true rust, belonging to the class Baaidiomyoetes,

order 1'redinales and fanlly r-ueoinl«ioeae. It haa the characteristic one-

oelled t«liospores of the wnus Uromycea, and exoept for the abaer.oe of the

I and II stages In the United States this ruat ai^it be conaidered as

typioal for the renua. It is reported as heteroeoious by several workers
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In Kurope, however, with the aeoial stage developing pare r.ial mycelium In

Euphorbia oyparlsaiaa L. The details of the oyole have never been worked

out in the Itaited Stateai in faot, very little ie known concerning it.

It has been suy/ested that the fungus lives ever winter In the leave*

injected late In the fall and infection ncoura fron upedioaporea produced

the following aprin6. Thia supposition la doubted beoausc of the reaulte

of experiments reported herein.

Spore forss have been desoribed by various investigators. However,

after examining aeveral descriptions, the work of Cunninjrhaia seamed Boat

usable in this oaae, and her.oe has been adopted in spite of the faot that

the original work was done in Europe and Arthur's work (8) on rusts is

considered as authoritative in thia eountry. Following la the description

of the oauaal orfsanlara aa given by Cunningham (7)i

0. Pycrloaori hyjcphyllous, numerous, hor.oy oolored.

1. Aeoi liosori hypophyllous, soatterod. ferldla oupulate, margins
white, revolute, laoerate. Spores polygonal, 18-23 mloror.s
diameteri epiapore densely verruoulose, 1.8 mloror.s thick,
hyaline.

II. Uredoeori araphijenous, aoattered, elliptioal, to 1.6 mm. Ions-,
pulverulent, cinnamon brown, surrounded by the ruptured epidermis.
Spores subglobose or elliptioal, 80-25 x 12-20 miorors, average
22 x 19 mloronsi epiapore sparsely and finely echinulate, 2
mlorone thlok, pallid browni germ pores 4-6, scattered.

III. Teleutosori similar to and lnalxed with the uredoeori, oheatnut
brown. Sporea obovate or subRlobose, 18-28 x 15-18 mlorona,
average 20 x 16 mloronai apex rounded, cot or scarcely thickened,
baae uaually rounded, seldom attenuatej epiapore 2 mloror.s,
oovered either with fine longlt -dinal atriae or with scattered
irregular warte arranged in lines, cinnamon browni pedicel
deeiduoua, hyaline, to 50 x 6 mloronsi S»m pore aploal, orowned
with a narrow hyaline papilla.

The markings of the tellosporee are not always the same in differert

eolleotlonai for oertain speoiaens they arpear aa finely scattered atriae,

in others aa warts aggregated in linea or even aoattered somewhat.
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rjredlospo-es Teliospores

Fig. 6.-—Spores of Uroayoes strlatus on "odloago satlva .

Symptom*tolo -y

Sign* and ayapto-ia "f alfalfa rust are very definite and are not

eaally mistaken for those of any of the other leaf and (tern diseases.

The flrat symptoms of r.st ir.feoticr, on the alfalfa leaflet is evideoed

by a sills' ' t yellowish or ohlorotio spottlr ;, a sort of fleoked appearanoe

as in t'e oaae of r :st-infootod wheat. Li .-( t-yellowish, raised pimples,

due to the upward growth of gro P» •• spores, then begin to a > pear on the

lower surface of tie leaflets and soon the epidermis 's ruptured, t*lsolos-

lng a nass of reddish-brown to olnnanon-oolcred spores. >ese pustules

(uredia) appear firat on the under surfaoos of the leaves but later they

oar. be four d on both sides of learns and on the sterna, iiaoh spore nass,

although relatively small, oan be seer olearly without aid of a lens.

After exposure the spores rub off on the firgere in the form of a rusty

powder.

The uredlal stags on the leaves Is reddish brown with small, round

uredia usually seatterpd over the leaf. The telia appear in the sane

lesions am' in indeperder t lesiors later in the season and are darker

brown in oolor. Leaf lnfeotion often reao- es the atai» when the Infected

areas lose their color and a reorosis of the tissue ooeurs, leading to

leaf fall, especially if petiole lesions are very numerous. In eoted

leaves terd to ourl and dry up readily after the pustules make their
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appearanoe. Seoor.dary infeotiona ere uomnor. as evidonoed by i •. 7.

Sometimes at many as three or four ootioentrio rin^s of pustules have

notloed on the aa"te leaflet. H.jure 6 shone the ohlorotio spotting often

notloed on the upper surfaee of alfalfa leaflets lnfeoted with rust.

Stem and petiole pustules Tary greatly from those on the leaves. They

are generally larger and more elongated, aa shown by Fig. 9.



Hb 7.—iMVletm at Tark—tim >W»« alftilf* tfwlrg ru*» ln«*otion

Bote *• larfli oo««l urea* «rtt-.out ehlorosla »«
ocneertrle rtnjd ef pu"t»l»a «^o«lrr avoecdary lcfaotUw.
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Us, 8.—leaflet* of Kansas Conoc alfalfa, shooing rust Infection on «ie

upper surface of a aodsratsly resistant type. (l.S X)
' ofce the snell ursdHs surrounded by oMorct'o areas and ebssnoe
of ssoondary Infection.



(to •liBlffc oollaaUad la theFig. 9.— eavlly ruetad a<*a>a of 1

field. (2.3 X)

) ota the Urga u redla an the Interne tee, ettpulee loafle's.
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Laboratory Experiments

Spore Germination Studies. Laborsto -y work with the problem waa

limited -alnly to reiorosoopie spore examination ar.>' gemination studios.

However, one inoeulation deviee was also worked out and studied In the

laboratory.

Che of ttte foremost queations in the writer'a mind oonoerning alfalfa

ruat was how the organism overwinters as far north as Tansas. If the

alternate host is not needed for the propagation of the organism the

uredioapore nuet be the all-important spore in the life eyole. But can it

overwinter in Kansas? And, if ao, why doss this spore not germinate in

the spring and infeot the early outtings of -the orop Instead of waiting

until late July or August when the dlaeaae ttakes ita appearar.oe?

With these queations in mind an experiment waa set up to ascertain

how long ttie urediospores remained viable under different environmental

oonditione. Samples cf rusted plants oolleoted in the field on different

dates were saved for this purpose. 'usted plar:ta were oolleoted in the

fleld ( dried in plant presses, labeled, and plaoed in screen wire envelopes

for storage or overwintering. In all eases the spores were allowed to

remain on the host. More tellospores occurred in the later oolleetior.s,

therefore, they were used for tolioapore germination studies. All material

used in this teat waa oolleoted on :«-te->ber 13, 1939, and plaoed in storage

on -etohor 4, 1939,

Four different indoor storage plaoes were selected for the 'iredioaporee

besides bei:.;-. stored under natural conditions outslds. A wire envelope of
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rusted alfalfa atone and loaves wae plaood in a nam location in the Experi-

ment Station Laboratory, another in a cooler plaoe in the herbarium room in

the basement of the Horticultural Building, a third in a oool fruit storage

room in the basement of a dwelling bouse, and still another in the :horticul-

tural odd storage room.

The temperature and relative humidity varied greatly in these different

environments. Several readings were taken and the averages for the differ

ent environments are listed in Table 1.

Table 1. temperature and relative moisture oontet t of air in rooms used
for storage of rusted alfalfa samples in 1989-40 as determined
from readings on a Lloyd Hygrcdeik.

l-ooatlon

Bet bu
wa.

JVErodelk readings
ilb r ry bulb Ave. Rel,ry

Ave. humility Additional notes

Laboratory

erberium room

57+ 75 32

'ortloultural

oold storar-e

room.

61 81 28

No readings taken.

35+ 35+ 80

Tempo rat'j res rather high,
moisture content of air low.

Constant high temperatures,
air dry, low relative
rumi di ty.

Conditions varying with
temperature and humidity
outside, never below freet-

Constant oool tenporatures
with hi* relative humidity.

eadin.a taknn between Jan. 26 and April 8, 1940.

In the oase of the dwelling storage, the conditions varied so much with

the external weather th*t average readings would have shown very little. A

window to the small room was often opened in warmer weather but remained

olosed in oold weather. Temperatures were never below fressing, however.
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Average dry bulb temperatures ranged fron 35 F, in the Horticultural

oold roen, to 81° F. in the herbarium, while the average relative humidity

range was from 32 in the herbarium room to 80 in the "ortioulturel storage

room. Uese average readings were formulated frees a series of readings

takes between January 26 and April 8, 1940.

Samples of spores from eaoh of t' ese envelopes were examined in the

laboratory under the mioroeoone at fairly regular intervals. Van Tieghem

cells were mounted and sealed on f-laes slides. A drop cr two of water was

plaeed within the sell, then a oover slip on whioh spores ware suspended

in a drop of water was Inverted and plaoed on the upper border of the ring.

The slides were then plaeed on moistened filter paper In Fatri pletee. The

spores seamed to germinate best In this manner but some were plaeed direotly

on -lass elides and geminated in r.oist otri dishes, lererally, fair

results were obtained but all technical work was done by the former method,

Estimated peroertagee of germination were determined by observing

different fields under the microscope, Results of these examinations are

sh=wn in Table 2 and Fig, 10, Urediospores were first taken from storage

for examination on v ovenber 10. All samples at that tine were geminating

approximately 100 percent. U) r*oember 7, however, there was a very sharp

drop In the viability curves In all oases exoert that of the spores In the

oold storage room. The latter epores were still germinating around 75

percent an-! It was not until one month later, on January 10, that they

showed a sharp decline in germinating power. All spore samples tended

to show a rather abrupt drop In germination for a 2-month period, then a

leveling off with an ultimate decline in viability to the point where

nee of the spores ;-emln*ted. In the ease of the spores In the Kxierinent



Station laboratory, th s paint was reaohed on ebruary 10, 1940, just

three months after the first test. Spores In the herbarium room remained

Triable until arch 28. Hone geminated after April 10. A very few of

those stored in the basement room geminated on May 9, 225 days after

oolleeting. CO June 3, germination had stopped completely. Approximately

10 peroert of the spores In the orticultuml cold storage room were viable

on Hay 9. Co the fourteenth of the month the use of this room was discon-

tinued and ttie spore material had to be removed. It Is hip^ily probable

that some of these spores would have retained their viability for another

month or more. These spores and those from eolleotions made on September

22 and September 29, 19S9, were tested for pwmlnetlon on tfovwmber 5, 1940,

They had been plaoed In a refrigerator soon after twin,- removed from the

oold room but no speres were viable at t' '. s late date.

Table 2. ioroert of eerailnetion of uredlospores under different environ-
mental conditions In the laboratory.

i

Approximate percent cf germinatl on
fate of

examination nerbarlna
Basement of

itwellln^

T'ortioultural oold
room

'•'ovember 10 m 60 70-75 7 --' i

'.leoember 7 7-10 30-36 20-28 70-78

January 10 and II 1-2 p 10-12 45-BO

February 10 1-2 10-12 15-20

lebruary 28 8-10 12-16

r>ro: TZ 6-8 15-16

April 10 1 15-20

Hay 8 1 10

June S
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Fig. 10,—Viability ourvee •howing deoline in rerainfttion of
uredioeporee of '.romyoee atrlatue when itored under
different srvirociaente.1 condition*.



FresK spores, when taken from the living plant! generally showed 100

percent gemination. This was evidenced several tl^ea by taking spores

from artificially Inoculated plants In the greenhouse and running a test

with the other spores.

areval (12), la his studies on the viability of uredioapores of rusts,

has kept spores under various conditions! both In the open ard Indoors. He

oolleoted then late in the fall and, after drying, kept them In a oool

room, S-16 C., most of the tine. At intervals germination tests were made

by floetlrg the spores on distilled water and inoubatlng them at room

temperature for one cr two days. He experinented with several different

rust epeeies but his results of : ronyoes strlatus on cdloago sativa only

are of interest here. areval states, "Uredioapores of this rust were

oolleoted on Koveriber 11 and kept in a eool room. Ko tests were made until

March 25 when a fairly large proportion of spores germinated. Subsequent

tests on iiaroh 31, April 15 and 20, and "ay 7 gave positive results, but

no spores germinated In a final test on June 9." 'redlospores were also

oolleoted on October 9 of the following year and kept at room temperature

until November 14, after which they were stored In a oool room. He reported,

"A high peroentage of spores were germinating on November 14. . ubseuuent

tests resultsd as follows! Deoenber 12, fairly high peroerti January 4,

10-15 peroentj February 1, few sporesi February 27, numerous sporesj

Vareh 29, plus 1 peroenti April 17, negative. Spores of this rust there-

fore remain viable for at least 175-178 days after colleotlon."

In the presort studies, it was found that the uredlospores, under the

right conditions, will remain viable for at least 833 days. It is believed

that even longer periods sight be obtained siroe at the end of this tine
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10 percent of the spores were germinating. The oloslr.g of the oold room

en May 14 necessitated the termination of the experiment.

Length of YiaMUtyi therefore, see-s to depend mainly upon a tempera-

ture relation. Voisturs conditions no doubt are likewise Important. The

environmental conditions in the horticultural oold storage room were no

doubt near optimum. Those in the dwelllr>: house basement were so variable

that It Is diffioult to report definite results, but sore of the spores

ratal ed their viability for more than ZOO days. The temperature In the

herbarium was constant, but too hl'h, and there was probably a lack of

moisture. The high fluctuating temperatures in the Experiment Station

laboratory and also a definitely low moisture oontent In the air at all

times led to *e rapid deoline in Pennine tic* power of the spores.

Kaneval's oorel ;slons as to the overwintering of urediosrores out of

doors are sorieti-nes doubtful, slr.oe mycelium may live through the winter

and spores present in the spring may have developed during the winter or

early spring. In all probability, however, this does not happen in the

oase of alfalfa rust in Kansas since the winter* are too severe for myoelium

to survive and no spores have been found to develop in the eprini% Maneval

ir»de eolleotlons of iirediospores on Varoh 8 and April 2, but all efforts

to germinate them failed.

About 88 percent of the urediospores were still germlnatinr in the

Manhattan oolleetions stored outside on December 6. It must be reranbered,

however, that hardly any oold weather had occurred up to this tiite In 1989.

Only three or four spores were found germinating on February IS and the

last s'.gos of viability was on March 21 when cnly one uredlospore was found

to produoe a germ tube.
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Thi* diseased material was collooted in otober and placed in screen

wire envelopes. Some were plaosd flat on the ground, other* were laid on

dead weeds and another was hung on a low limb cf a bush about a foot from

the ground in order to have oaaparable conditions to those surrounding old

alfalfa stubble as it overwinters.

It not only was Tory desirable to ocnduet germination studies with

t'e urediospores, but the tellospore also offered another phase of inter-

esting study. Kenoe, the purpose or funotion rf the tellospore, if any,

in the life oyole of the or an ism in Kansas was another problem eonneoted

with tMs study, Kas this *teg* aotually neoessary for the yearly oooitrrenoe

of the disease or was the urediospore the only functional sta ^e in the life

oyole? Experiment* suoh as those with the urediospores were set up in order

to obtain nor* information concerning these q'iestior.8.

austed material , oollested in late October, 1959, was placed in soreen

wire envelopes, labeled and left outside to overwinter under natural oondi-

tions. From February 18, 19*0, at different intervals, these spores were

soraped from the leaflets and tested for germination. Ho teliospores were

ever found to be germlratlnr. It was decided after running several dupli-

cate test* for a month to try treating the spores in a different manner in

the hene that semination oould be obtained. The different methods used

were as follows! (1) An alternate wetting and drying of the spores on

slides in alternate periods of light and darkness (day and r.i cht) for three

to four weeks, (8) placing spores in hanging drops in refrigerator pan at

a temperature of 24° F. and alternating with warn temperatures in labora-

tory for a period of three to four weeks, (3) plaoing spores on slides in

droplet* in refrigerator at an average temperature of 42° F. and alternating
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with warm, exposed oor.dition in laboratory for some period ;-f tiros, and

(4) placing; r ated a terra and leaves in refrigerator pan and leaving them

there, axoopt for tha various ti"ies they ware rwoved for examination. At

no tire were any of the teliosporei teen to be gerainaUni;, An alt^'nate

wetting and drying under room ecditiorswere alao tried but with negative

results,

A 5-ptroent aolution rf pctaesiua dihydrogen phoaphate (r'l.fO^) waa

made a: d spores oolleoted September IS and October 12, 19SS, an<< overwirtered

out of doors were suspended in it for germination tests. The mounts were

examined miorosoopioally after 12, 24, 50, and 60 hours but there was no

signs of gemination in either the uredlo- or teliosporoe,

Teliospores froo the oolleotiors stored out of doors were tested in

duplicate on February 18, Haroh 1, Varoh 11, March 21, April 8, April 12,

April 21, Uay 9, and May El. Cn no oooaaion did any of them show signs of

gsiwdcatin p. Two to three uredioepores ware germinating, however, on

February 15, another was found on March 21 and two more were found la all

tha aounts tested on April 21,

The pustules seerr, to disappear, to dry up aa the leaves and stents

weather and disintegrate, By the first af «y It was very di "fioult to

fird pustules eontainir g spores, even or the stems. Saprophytic molds and

other fungi tend to destroy the stems when left lying on the ground. Cne

of the packets of rusted material, however, had been brought inside about

the first of !/aroh and had been nuns outside a north window, Thia remained

fresh and elean, free from eaprophytlo growth, and oould be used as a source

of lnooulua until late in the year. The best polloy, it swis, for over-

wintering materiel would be to hang or suspend the -naterial about 4-« inehea
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from the ground. There, !t would really be under more natural conditions

since the old items stand throughout the winter, and in this way the

•material would esoaps a considerable amount of saprophytic growth and

subsequent rotting,

Haneval (11), in 1928, also oonduoted some experlnents on the gemina-

tion of teliospores of rusts. In general, he found that tellospores of

rusts geminate only after a more or leas definite resting period, usually

extendinj; from summer or autumn of one year to the ti-r.e of leaf develop-

raent of the host the following year. It is generally reoeasary for tha

tellospores of heteroeoious rusta to pass the winter in the open. He olalned

that li£.ht, moisture, temperature and sane ohemioals may affeot the gemina-

tion of these spores. Generally a praotioslly saturated atmosphere was

neoessary for gemination and he and other worlcert found that gemination

was especially favored by prolonged floating on water and by alternate

wetting (ismeraion in water) and drying. In various later tests (13),

teliospores of oertain rusta geralnatsd better in a solution of potassion

dihydrogen phosphate than in distilled water. !o one, It seems, haa reported

lnprofensnt in gemination by using complex rutrlent solutions, however.

In conclusion, he stated (11), "Toliospores of oertain rusts having a more

or less definite rest psriod may geminate to sore extent in ieoeraber or

earlier. As the season advances there Is a aartced inoroase in the per-

centage of spores that will geminate and a deorease in the tl-ne neoessary

for gemination to begin."

Inoculations. Germinating <pore material in the laboratory suggested

a means of Inoculation, other than by the r.ethode used with potted plants

in the greenhouse. After so-™ experimentation 't was found that excised

alfalfa leaves would live from three to four weeks in moist rotrl aisbes,



especially If the petiole and a email portion of the item were left attached.

This discovery led t'-e writer to believe that leaves oould be lnooulated In

etri disSes srd resistance studies made Just the ease as with potted

plants in the greenhouse.

T!>e first experiment mas performed with only three dishea and leaves

of a variety knrwn to be very s soeptible from field observations and

greenhouse tests* Filter papers were plaaed In sterile Petri plates and

nolste: ed well with distilled water. I ol«' n, well-formed, nendiseesed

leaf was placed in the dish and each lea let pressed dowr In order that It

waa In eor.taot with the paper. Spores thor. were soraped fror rusted leaves

with a scalpel ar.d plaoed on tea leaves In the Petri dishes, A droplet of

water was left on a few of the leaflets and more distilled water was added

to the filter paper with a dropper as it was needed. Thus it was easy to

keep a very high humidity Is the dishea at all tines.

After nine day* the leaflets were notioed to be turning a yellowish-

green oolor around the tnoeulated spots and small protuberances, looking

very srooh like snail pustules seeded to be appearing. Two ^ays later

the leaves were exanlned with the blnooular nieroeco:e and small but

definite pustules oould be seen, esneoially on the dorsal surfaces.

This was definite proof that rust -;ould be cultured on sotal-ewised leaves

in the laboratory,

» erd of 25 days the last notes were taken on tress leaves and

they we-e then discarded. After three wee's the leaflets were turr'

yellow and some were beoomi-p detaehed frow, the petiole. New leaflets

were sent out frost the node, ard snail, whl*«, hairy roots were growing

from the er.d of the out petioles and stems, A few of the leaflets were

being attacked a* soils and other funri by this time, especially if they
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had bean Injured badly or bad bean broken from tha petiole. Other* were

• till greer. except for the spot where tha rust or.s-anisa had raada Ita

attaotc. Here, the leaflet firat turned a yellorriah oolor, later changing

to a dark brown to black.

Before dieeardir.g thla experiment, more extorsive and thorough testa

were started, Ki^-teen dishes were lined with moistened filter paper as

before, era! outtlngs of all six of tha oomnon varieties used in the field

test ware prepared. Three to nine leafleta oould be plaoed in each dish,

depending on the site of the leaf.

Fresh spores from infected plants in the greenhouse were applied to

tha leafleta by Beans of a snail oamel's hair brush after they were pressed

well against the moist filter paper. »oth dorsal and ventral sides of

different leaflets were expoeed in order to test the differences, if any,

in the power the organise had to infeqt the different surfaces, Cften,

wen the brush was wet, it left a film of water over the leaf stirfaoe.

This, according to all findings, should have bean ideal oor.dltione for

rust infeotlon if the oxyger supply was not too United.

By the end of the fifth day the leafleta were showing a definite

mottling and yellowing in the areas where spores were inoculated anil on the

seventh day the first pustules were bursting from the surfaoe. This inou-

batlon period was at least two days shorter than it was found to be in

the greenhouse where it was from eight to nine days before any signs of

the or-aniatr. appeared.

The pustules were just as numerous on the upper surface as the lower

or it at least seemed so fron observations with the naked eye and binooular

lens. This should be true if alfalfa ruat infeotlon oeours through sto-ata

aa do other neBbere of the Uredinales. "lller (IS) reported that the



average number of storaata in thousands per square inok of leaf surfaoe it

109 for the upper surface and 89 for the lower, or a ratio l/l! equal to

0.816, This difference, however, would Dot be easily dlsoemlble by a

general -beervatior of the total number of pustules a
r
peering on the re-

spective surfaces.

Upon examination under the binocular the pustules were seen to be

very numerous, especially alone *• midrib where snail droplets of water

seemed to collect due to surface tension. They were, however, scattered

over the whole leaflet. The pustules appeared very erumpent and the

brownish spores piled up into snail pillar-shaped structures. Nothing like

this had ever been observed on leaves collected in the field or greenhouse.

Undoubtedly, the difference in the appearance of the pustules was due

mainly to the environment. The leaves In the Petri dishes were undisturbed,

not moved about by air ourrents, man, lneeots, eto.i hence, instead of the

spores being spread, they were piled up into email columns after the

rupturing of the epidermis. The heavy ir.feotion, as a'ated before, was

often largely oonfined to the area along the mldrlbe of the leaflets where

droplets of water containing spores seemed to converge. Figure 11 shows

the snail rust pustules as they appeared on a leaflet taken from a iwtrl

dish. Figure 7 showed the pustules as they appeared on leaves In the

greenhouse

,

radatiors from large erumpe t pustules to those Just beginning to

burst throutfi the epidermis could be found on the sane leaflet. The

Immature pustules appeared as li.rht-oolored, boll-shaped lesions, and

spores could be seen just beginning to form.
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After 23 day* rust readin % «n taken on elx varieties. In the

laboratory, aa In the greenhouse, these readings were baaed on their

relative susceptlbilit to rust, and given a numerical value of to 5,

the low number always representing the most resistant types. The follow-

ing are the readin -s taker on this testi

1. Ladak, I, leaves did not live as long as other varletlesi sow

rust, but not to the extent of the Turkestans. leaves turned

yellow.

2. Kansas 308, 2.5, pustules muoh fewer in number, but, in fMwMli

larger than other Kansas Common selection. Cue specimen, espeoial.

ly, was not rusted to any great extent. Leaves not infected were

still at green and vigorous looking as they were when placed in

the dish 23 days earlier*

3. Kansas Common 205, S, moderately rusted, pustules numerous but

rather snail.

4. arim, S, plants definitely rusted, Just as badly on one surfaoe

aa the other.

5. Turkestan 19304, jB, very badly rusted on both surfaees.

6. Turkestan 86696, JB, ruated seriously on both surfaoes, pustules

very numerous and larger than usual when in euoh dose proximity

to eaoh other.

A still more inolusive test was made at a later date in which ten dif-

ferent varieties were used. The sane camel's hair brush -.ethod C inocula-

tion was found to be the most effective in getting good infection, "rops

of water were added to the fwtri dishes every day. It was learned that

if the dishes were placed in the ll 5ht near a north window and covered with



an inverted glass ,1ar they would not only retain their moisture lor.pr

but would also renain green for a greater lerj-th of time.

The leaf cuttings were not kept so long this tine aa in the previous

case. Snail pustules again began appearing on the seventh day, always two

to three days ahead of the greenhouse potted plant lnooulations.

Following are the sumr.ari red notes taken on this groupi

1. ' edioago ruthonloa , .5, vory sli^St infeotion on two leaflets,

molds and other fungous rotting organisms quiokly killed the

outtin;-s,

2. odlcago fcloata , .5 , very little infeotion,

3. Senlpaletinslr, _1, slight infection.

4. Kansas Common, 1,8 , infeoted, but not heavily.

5. Udak, 8.6 , good infeotion on one leaf, others relatively free,

8. Hairy Peruvian,
J5,

moderately rusted.

7. Kansas 508, 8.6 , irfeotlon i?ood, definite ohlorotic yellowing of

leaves, especially around pustules,

8. Srlran, 4, infeotion very good, outtings regained alive well.

9. Turkestan 86696, 4.S, larger pustules than all previous,

10, Turkestan 19304, 5, very good infection but saprophytic funjl

destroyed all evidenoe after an early reading.

Another interesting faot was observed with this last experiment, Just

pustules definitely were found to ooour on both surfaoes of a leaf, even at

the sane tine, "his was observed in the three varieties, ransaa 308, I*dak

and Turkestan 88696. Leaflets that happened to stand on edge in the dish

due to a be; d in the petiole were found to have rust pustules on both

surfaoes, but they were always largor and more prominent on the upper side.



In on* oase the leafletm standing In an almost vertioal position and

the ruat puatuleg on the two aurfaaaa wera found to be almost Identical

In alsa and shape. The myoellus, therefore, seercs to fruit freely on

either leaf s ;rfaoe, depending either upon the Intensity of li^ht or the

oxygen supply, or perhap* a conblnation of theae tax faotors. '.-ore work

should be dona on this phase to determine positively to what it ia due.

In oonneotlon with all these leaf experiments extra eheolc dlshee of

susceptible Turkestnne war* inoculated, Theso were examined at twelve,

twenty-four and forty-eight hour intervals in an effort to find gem tubes

entering the atonatea. It waa found to be praotieally Impossible to strip

off pieces of the epidermis of alfalfa leaves, except possibly for thin

strips c.f tissue along the veins, 'fence, only very snail strips of

raoe rated leaf tissue could be mounted for examinations under the nioro-

eoope, Vany spores oould be found scattered over the field, so-* on tha

tlsau* and others floating In the medium. The wredlospores, when viable

and under ideal conditions, began germinating almost at once. Several

spores were found to be germinating but no germ tubea wara found to be

aotually entering the stomata.

One exceptionally good mount showed a cross section of a small sorua.

Definite uredinlal stalks oould bo seen. The urediospores still were

attaohed to two or ttroe of them. Theae atalka appeared to be two-celled

and hyaline in nature. No mention aver baa been made of this fact in tha

literature, or in the descriptions of the sorus and spores. Tie spores

undoubtedly break off vary early, however, and the atalka disintegrate.

In tha case of the teliospores, the stalks are hyaline but more realstant,

and they often ware found oor.neoted to teliospores floating in water.
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Oreenhouea Studios

Vcthods and Results of Inooulation . The work in the greenhouse oon-

ltted of searches for a procedure or netted of inooulation by which alfalfa

rust lnfeotion ocmparable to thet In the field oould be obtained. After a

satisfactory nethod was finally worked out a varietal testing program and

a search for rust-resistant types was begun.

It soon was evident that Some nethod sf obtaining rust lnfeotion with

potted alfalfa in the greenhouse was necessary to supplement readings made

in the field. Many problems hampered the progress of the work after the

plants were potted and growing in the greenhouse.

Facilities for experimental rust work were very adequate due to

intensive wheat rust investigations that are under way at the Kansas

Agricultural Experiment Station. The large r.etal moist ohamber and snail

cylinder-type moist chambers used in wheat rust work were used extensively

in the alfalfa rust experiments. In addition a detachable frame box-like

moist ohamber was ereoted for inooulation work. A type of olosely-woven

cloth called Solar-Heave was stretched and taoked over wooden frames.

These were set. up over a well-watered sard bed in the greenhouse and

served excellently as a moist chamber since they would hold as many as

thirty-six five-inch pots of plants at or.e Inooulation.

The first experiments were very simple, involving only the us* of a

scp.lepl, a large bell ,1ar for a moist eharabsr, and viable urediospore

material colleoted from plants in the field. Potted plants of the right

else were selected in order thet they would fit under the largo bell lars

that were placed over water-soaked sand. These plants, two selections of

Turkestan and one of Kansas Common, were sprayed with an atomiser. The

leaves to be inoculated were then rvbbed 11 -htly between the thumb and



fingers to distribute a surface film of r-cigture, erd urediospores scraped

from inflated leaves Fathered In the field were placed on the under surface

of some of the leaflet* with a soalepl. The bell .1are were plaoed oyer

the plants and left for a little more than two days. The plants then

were moved to another, more humid greenhouse where the conditions aeensd

to be mora favorable for mat development.

These plants were not examined until 16 daya after inoculation when

•mall rust pustules were noted to be appearing on the inooulatod leaves.

They were left In the greenhouse for some t!r» thereafter and the irfeoted

leaves began turning brown, parts of them dying. After 86 days several

of the infeoted leaves had fallen. Many secondary infeotions around the

primary pustules were noted before they fell, however.

This hand method of inoculation worked very well for a small number

of rots but it was a very slow and tedious process. Spores were scraped

from infected lenvea and placed In a drop of water on a glaas slide. Then

by using a needle flattened for the purpose the spores oould be applied

to both sides of the alfalfa leaflets, Sone -sethod was needed, however,

whereby a uniform infection oould be obtained with a large number of plants

in order that a oomparative study of the rust on different varieties could

be made.

A so-onlled dusting method cf inooulation was tried. It consisted

mainly in running dry rust-infeoted leaves through a very fine meat

grinder. This action made a dust in which iiredioepores we~e present in

considerable quantity, as was evideroed by a mloroeeonloal examination of

the partioles. The potted plants were placed In either the frame or metal

molat ohember and atomised with a fine spray of water by mews of a specially



oo- atrueted spray nozzle attaohed to a garden hose. After the mist had

settled upor. the plants, the duet inooulun was sifted gently through a

oheeeeeloth over the leaves. This method seined to work nicely, the duet

settling in a very ever, pattern over the leaves.

After the plants were left in the moist chamber for 48 hours they

were observed to be vary damp and a mold-like growth was forming on many

of the old stems. The plant material that was dusted on the plants with

the spores had soured and save off an odor oharaoteristio of moldy hay,

Infeotlon with the first set of plants see-ied very slow, rust not showing

up until the thirteenth day. Possibly the ooating of moldy plant matorial

had something to do with the long incubation period since with Some of

the later ex-e-iments no infection at all was obtained because of an ex-

eesslve a-ount of inooulun being sifted on the leaves. The shorter days

of mid-winter marked by shorter periods of light also oould have been

acting as a retaHinr agent. This method was not consistently effeotlve,

sometimes no infeotion was obtained after inoculation, while on other

oooasions heavily lnfeeted leaves resulted,

A semi-epore-euspersion method of lnooulation was worked out a little

later. Dry, mat-lnfeoted leaves were placed in a small jar or bottle,

oovered with distilled water, and allowed to soak for about two hours,

email glass beads then were added and the bottle shaken vigorously for

several minutes. This loosened the spores from the leaves and resulted in

a heavy spore suspension. The mixture was strained througf a cheesecloth,

with the idea that many of the spores would be loosened and pass through

the eheeseeloth with the water leaving the plant -atterial and beads behind.

This inooulun then was plaoed in an atomiser and sprayed on the leaves end



tana of plants. This nethod worked! not to perfection, but oocld be

classed as one itep better then the dust method, ''owever, large pieces

of the leaves managed to get through the oheeseoloth and tended to olog

tbe atomiser. Infeotion never was unifora, and If the rlents were left in

the moist chamber very long other organisms caused trouble, esroelally

those causing blaokaten of alfalfa (Aeooohyta Imperfecta feck) and bacterial

spot ( faeudogonaa alfalfae Jores). It was found advisable not to leave

the plants in the moiot chamber more than 48 hours. This lergtm of tine

proved to be well adapted for rust infeotion.

Modifications of t is method generally ended with somewhat the same

results. ust-lnfeotod leaves were ground in a mortar and shaken vigorously

in water before being strained through the oheeseoloth Into the atomiser.

In a similar method trimed portions of leaflets oortalnlng only the

pustules were tried. These pieces were placed in a small bottle, a little

distilled water was added and well shaken. The water, containing the

spores in suspension, then was deoanted into a small atomiser bottle and

the mixture sprayed on the potted plants.

Another method of inoculation consisted of brushing potted seedling

plants that had been atomised with water over infected alfalfa plants.

Good infeotion was obtained but the method was found to be impractical

when large plants and increased numbers had to be used.

toother and sonewhet doubtful method ef inooulation was attempted.

Four pots of susoeptible plants of different ages were used In testing the

usefulness of a hypodermie needle in lroeulatlne; alfalfa plants with rust

spores. A spore suspension was made by scraping spores from infeoted

leaves and plaolng them in distilled water. Alfalfa stems were found to

be hollow (to a oertain extent) but only a scall amount cf a solution
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could be foreed Into the stem even thon^i extra punctures wore rade between

the nodes to allow the escape of air as Inoculum wee injeoted. The plants

were Tory carefully lnooulated in this oanner and plaoed In a soist ehamber

for about 40 hours.

Final notes were taken one aonth later. Sons stem lcfeotlon was evi-

dent, but very little, if any, was due to the lnjeotions of spores into

the sten. The large pustules on the ster.s were found noinly around the

nodes where the water seo-ed to oolloot in droplotsi infection probably

taking plaee through steiata on the stens. The stipules and small leaves

at the nodes also were heavily infeoted with pustules, presumably arising

from spores in inooulum running down the stem. All Infections on one

entire plant appeared to be due to aooldental distribution of water over

the plant when the hypoderralo bulb and needle wore rinsed.

The hypoderaiie injootion rnethod of lnooulatlon apparently is impractical

when working with alfalfa. It oertelnly is not so useful as it is with

wheat rust inoculations. The alfalfa stems are too woody and the pith

(hollow area) is too small.

The oor.clueion was finally reached that the easiest and quickest way

to oolloot the urediospores was to scrape then fron the fresh leaves with

a flattened dissecting -eedle that ad boen bent at the point and plaoe

in suspension in distilled water. The tops of rusted plants were out

off and wrapped in oiled paper or the infeoted leaves were clipped and

plaoed in covered dishes. In this way, they remained frosh and usable

for a month cr more after being; stored in a refrigerator.

A highly successful and most used nethpd f inoculation proved finally

to be a very staple process. The urediospores were scraped from the leaves

In the manner previously desoribed and plaoed In suspension in distilled
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water In the glass oonteiner of a small fly sprayer. Wien enoui-h rust

pores were present to Eire the mixture a nety, clouded appearance, It

was shaken well and sp'-eyed onto potted plants that had been tinned In a

colst oharber. Then a very fine spray ef water was turned on the plants,

but caution had to be taken to remove it at the right point just before

droplets began to form on the surface of the leaves. If the spray was

not removed the droplets were observed to run off the edges of the leaflet*

carrying the rust spores with them or to result in infeetlon only around

the edges or along the midrib where the spores seemed to oor,ce:;trate. A

very even and uniform spore oovering oould be obtained under the right

conditions. Proof of this fact was established by spraying a group of

slides, then examining them under the niorosoope for the presence of

urediospores. It was noted that the spores were very evenly distributed

upon the slides. Therefore, a comparable or somewhat similar condition

should result from spraying the plants. After inoculating the plants, the

1- sides and the top of the moist chamber were sprayed, and. In the ease of

the netel ohamber, water was r.l lowed to run slowly over the outer surfaoe

for 48 hours, thus keeping the relative humidity around 100 for the entire

period that the plants were in the inoculation chamber.

After the pots were removed they were placed on sand beds on the floor

of the greenhouse. The sand was soaked daily and the plants were kept

well watered, ^nerally after eight to ten r'ays flecks and small rust

pustules began to show on the leaves. The very s-sall immature rust spots,

in most eases, could be identified by a ohlorotio ring showing up first,

with a minute brownish fleck in the center. Soon the small pustule would

bulc» through the epidermis, grow quiokly, and when nearly mature would
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break the cuticle end expose the -iaas of reddish-brown spores, ften two

or three rln •« of secondary pustules oould be seen surrounding the original

pustule before final notee were taken.

Inoculation work in the greenhouse was oarrled out under varying con-

ditions, depending on the ty^e of moist chamber used in the experiment.

After removing the plants from the moist ohanber they were plaoed In sand

beds on the floor of the greenhouse until final rut notes were talon.

Table S shows the average temperature and relative honidlty to whioh the

plants were exposed during their 40 hours in the inooulation ohanber and

the period afterwards in the greenhouse. All temperature readir-s and

relative humidity determinations were nade through the use of a Lloyd's

hygrodeik during the months cf February and ::aroh, 1940. Mas' results

were obtained when either moist chamber was used.

There seeded to be no definite nor consistent correlation between the

length of the lnfeetlon period and the type or severity of infeotion.

Table 4 shows three representative varieties and the relative coefficient

of infection given each for different Infeotion periods. Some reading*

were taken at the end of 17 days while with other groups of pots 44 days

elapeed before readings were taken. A high readin.-. in nearly all oases,

was given on June 11 after the group of plants had been left for 44 days

before notes were taken. The organism, by &at time, had begun ti injur*

the plants considerably and it was natural to give th*a higher readir.-s.

Just as aoeurate notes on t!.e severity of the attack oould be taken auoh

sooner, however. The best length of tire aeemed to be around four week*.
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Table 4. rata an the relation of length of lnfeotlon
period to the severity c f rust icfeotion on three
trains of alfalfa groin In the greenhouse.

Date of Number of of Coefficient
readi: | s readlr ea m Lot period of Infection

ja^s

Turkestan 19304

aroh S 11 27 2.50
1 18 26 2.83

12 12 33 4.71
26 IS tT 3.71

April 2 39 SI 3.04
11 84 17 3.60
25 27 33 4.02

ay 4 60 26 1.72
16 24 28 3.50

June 1 66 36 3.20
11 IS 44 4.33
19 69 36 4.06

July 17 66 36 3.44

Kansas Coramon 1*205

aroh 3 12 27 1.38
5 18 26 2.31

12 12 33 1.42
26 27 27 2.54

April 2 12 31 2.04
26 12 S3 3.46

ft? 4 21 IS 1.24
16 24 28 -'.

June 1 27 36 3.00
11 16 44 2.40
19 It 36 3.67

July 17 30 36 2.78



Table 4. (Continued)
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"ate of
reartln r,«

'imber of on -Mi

ir.feotlon
of Coefficient

of Infection

•; £

' edloago faloata

Jtaroh 3

It
12

12
27

M
1.17
0.79

April 2 1 si 1.92

:ay 16 24 M 1.23

June 11

19

15
6

44
36

3.13
2.83
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Isoellaneoue Srecnhouse i.xrerlnents . During the fall of 19S9 the

moat susceptible plants In the field were n*rked and staked. After all of

the field notes had been taken, these ruated planta were dug, transplanted

lr.to pota and brought to the greenhouse. They consisted mostly of Turkeetans

but a few planta of the Kansas Common and Grturi varieties were ohosen.

These plants served mainly as the souroe from which the first rust

inooulum supply was obtained. Later, however, they were included in the

varietal tests.

Tests in the greenhouse were run to note any dlfferenoee botMeer the

susceptibility of soedllng plants and that of older, tiore mature clante,

•aa.ll seedlinga about three inohee tall vere inoculated with a spore sus-

pension and a very good infection was obtained. The infeoted leaves of

seedlings seem to die and disappear muoh more rapidly than those of older

plants, Sven though they wilt sooner, the seedlings continue to live.

Hew leaves are produced after the old ones die and fall, thus it see-ied

to do them very little ham, unless it would be a premature defoliation

oauelng stunting. However, it was found impossible to build up an inoculum

supply on seedlings, since the pustules wer^alwaya small and not very

erunpent. Infection on susoeptible seedling plants seeded to be obtslred

with the same ease as that on mature plants. Seedlings apparently oarry

no resistance that Is not carried by mature planta,

Suaoeptlble plants in the greenhouse served as a raears of testing

the viability of uredlospores in varfeue oolleotlons. For ejm^iple, four

potted plants of Turkestan 886B6 were used in a teat on "ay 14 to ascertain

whether uredlospores colleoted in September of the previous year still were

viable. These spores had been oolleeted in the field and stored in the



Horticultural cold storage rota during the winter and apring, On May 14,

the um of this room was discontinued so the sroree had to be removed. At

this time, 244 days after eolleetinr,, a gemination teat in the laboratory

showed ahout 10 percent, of the aporea to be geminating.

It waa questionable whether spores of th<» are would result in infee-

tion or the host. Susceptible host plants therefore were inoculated with

spores from the stored material. Two nethc.de af inoculation were employed,

the hand method and the spray method. In the first named, spores were

scraped from leaves lad put in suspension in a droplet af water on a slide.

They were then applied to leave* with a flattened inoculating i eedle.

One pot was atomised with rflatllled water and placed under a bell >r for

about two days! the other was treated in a similar manner emept that it

was placed in a wetal oylinder raolat ohanber covered with a glass plate

for the asm length of time. Two other pots we'-e inoculated by the spray

aethod and plaoed in li'.-e containers for the sane length of time.

Some irfeotion was obtained on all plants, possibly better on the hand

Inoculated plante, but not as well distributed. The results of this test

show that urediospores will remain viable for a period of eight months or

more and still eaoae irfeotion, but only if they are atored under the right

oor 'Itieo*.

Another and sorewhat aimlUr test was eonduotod with susceptible

plants In the greenhouse. In this oase, spores were ussd that had been

oolleoted on Cotober 6 and over-wintered out of doors. The spores were

sprayed on several alfalfa plant* and three pots of Euphorbia oyparlssla* L.

Son* of the plants were removed from the moist chamber after 46 hours, others
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were left 72 hour* and still another group was allowed to renain about 96

hour* before they were renoved.

1 notes were taken 27 days after inooulatlon but there was no

•ign of lnfeotlon on either the alfalfa or the liuphorbia plants. The

result* here lead the writer to to 2 leva that the uredioopores do not

oTsrwinter In Kansas and oeus* infection the following year. !«sults of

gemination bests in the laboratory also help to substantiate this belief.

It was noted in all experiment* with potted alfalfa plants in the

groenhouee that there was a Bottling of the leaves. This often ai peered

as a yellowing, reddening or browning of the tissues due to sons unknown

faotor, lusted plants tended to show a greater degree of this ooloring,

yet after oonparing oheok* and lnooulated plants no positive oonolusion

oould be reaohed as to whether the rust in an indirect way brought about

the dlscoloratioiis. It would not be beyond reason, however, o assune

that the rust night eause a oonoentration cf oarbohydrates in portion* of

the leaf and thereby bring about this ooloring effoot.

Maoketem, oaused by Aacoohyt* inperfoota reck, on a few oooaaion*

threatened to be a serious hindrance to the proper progres* of the groen-

houee experiment*. The time that the plant* were allowed to retrain in

the moist chamber and the method of Inooulatlon proved to be the governing

factors. Any period over 48 hour* In the moist chamber wa» found to b*

favorable for tiie development of blaok*tea, especially when the modified

spore suspension method* were used. In scrr.e oases, this disease nearly

destroyed the plants before ru*t had tine to sake it* appearano*.

This was well Illustrated by a serie* of expe-i»*nt» in whioh the

plant* wer* inoculated by the following method. Infected leaves were taken
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to the laboratory, rubbed and ground in a mortar until tha spores were

loosened or rubbed off. The leaf partlolea then were ehaken in a bottle

of distilled water for several minutes. The mixture was strained throu^i

a eheeeeeloth into the bulb of a sprayer. This light brownish mixture re-

sembled a v»ry heavy spore suspension. Soil partioles, plant refuse, and

other orrenlo matter aade up some of the nat«rlel in suspension, but upon

examination many rust spores were also found. This material was atomised

on plant* in a moist chamber after whioh a fine mist of water was added.

The plants were sprayed again with water the second day to retain the

relative humidity ar;d then left in the moist chamber for approximately 90

hours.

Upon examination at the end of th'.s period both seedling and grown

plants we-e found to be heavily infeoted with blaokaten in a very even and

uniform pattern, just as it would look when sprayed with the oonidia or

infecting spores of .uooohyta lmporfeota. Just why and how this infection

should ooeur in such great quantities was indeed a question. The leaves

from whioh the rust Inoculum had been obtained did not show any si ens of

bleolcstera but undoubtedly the oonidia or mycelial strands had been applied

to the plants in the lnooulum distributed by the sprayer.

Thus, blaokstem loomed as a threat to the work in the greenhouse unless

care waa taken with the methods of inooulation and inoubation to prevent

it. Two solutions to the problem were founHi or.e, a different, muoh better,

and more sterile method of inooulation and seoondly, a shorter period in

the moist ohamber. With these conditions, very little harm was done by

the blaokstem or.-anism.
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Some mistaken identity of thU met in the literature led to a farther

atudy of the problem. Sohroeter, in 1884, etated that aeoidJosori on

Euphorbia cyparlealaa ooeurred in the eyale cf an "roayoea mo>-p>'olo-lcally

identical with •'romyoea atrlatua on a speoloa of Trifolium (2). Ftwmel

and King (19) in 1912 alao related that Sohroetor toot tellospores from

red oloter to infeot the Euphorbia, Treboux, according to Arthur (2),

infeeted Trifollum arvanaa with aeoioscores from a apeolea cf Kuphorbia,

and added that tMs -roved that the assignment of 'Jromyaes atrlatua to

both Vedie*j;o and Trifolium aa hoata waa correot. This apeoles haa not

yet been reported in the United States on T-lfoliun, however.

Aa noted heretofore, Euphorbia oypnrisslaa has been reported aa the

alternate host of the alfalfa rust organism in Burope, but, aooording to

Arthur (2), auoh an ocourreroe -as never been found in thia oountry. After

oheotlng the distribution of the aaolal host plant, it was found to be

reported in Kansas but not in abundanoe. The writer had plants sort froat

northern "lohl-an during the auraier of 1919 and planted then in pots in

order that they Might be used in future atudy.

Potted Euphorbia plante often had bean placed in the moist ohnnberg

with the alfalfa plante when they ware being lnooulated. Setting 'ad ever

been expeoted frea this, ainoe it waa found that tolioapores failed to

germinate, but there waa always a ohanoe of one of the teliosporea gemina-

--nder the proper environmental oonditlona to produoo infeotion.

After failing to obtain telloaporc germination during the spring,

(From February 15, 1940, when the first teat was nade), hope*, of proving

that euphorbia oyparlaalaa was the alternate hoat of alfalfa ruat, Dromyoea

atrlatua, were about gone. Put on May 9 some of the tellospore *»terial

that had been lying on the ground all winter in a eoroer. wira container

waa brourht into the greenhouse, Bven though mueh saprophytic growth had



begun to destroy the «te-« a few of the puetulee were seraped off and the

spores pat in a distilled inter susrension In a s-all atomiser. This

suspension was Sprayed on a potted Euphorbia plant and some detaahed

leaves that were plaoed on moistened filter paper in a petrl dish. The

pot and diah wera then plaoed or. one of the moistened sand beds and oovered

with a large bell jar.

The sand was watered dally, thus maintaining a hlr.h humidity under-

eath the jar. Temperatures were moderate in the greenhouse, ran ring from

60 to 70 degrees. Theae environmental oorditions proved to be rear ideal

for the plant for rapid advance of the new growth of the plant soon was

noted.

On May 25, a few minute, li?»t-oolored fleoka were notloed on the

detaohed leaves in the Hetrl dish. No close examination waa nade sinoe

they eould easily have been miatalcen for the mottlings due to thrip and

red spider Injury. Two days later, however, the spots seeded to be some-

what larger and more distinct, so they were examined in tba laboratory under

blnooulars. Definite, raised, yellowish areas were found which greatly

resembled rust pustules before they had burst through the epidermis. The

potted plant under the bell jar then was immediately exanlned ar.d also

found to be infested. The spots here were even larger and more numerous

than on t)« leaves in Petri dishes. Upon examination under the binocular

they appeared to be rust pustules, greatly resembling aeela found on other

plants. However, they were as yet very immature, »om just broker through

the epidermis and all we -a very small. All appeared on the upper surfaoe

of the leaves, were light yellow to orange in color and mostly oval to

elliptloal in shape.



Ch Juno 3, seven days later, the leaves vera examined again, Tha

raised, pustule-like areas were not auoh further advanced. The under

a.rfaoes were examined in the search for pyonia but none were found. They

ahould ( aooording to previous findings, be found on the opposite aid* of

the leaf from the aeoia and should appear before them. Could it be that

theae structures are the pycnia? Perhaps this was so - and the aeela would

no doubt appear on the under surface in the future, filth thia In mind, a

snail camel's hair brush was -oistened and the questionable pyonia were

brushed to mix the plus and minus s;:< rmatie, nhioh, In the case of wheat

rust, seems to be neoessary for the formation of aeoia. The potted plant

was then watered well anr> placed under the bell jar.

Further bruehinga proved futile and all efforts to produoe aeoia were

Id vain. Examinations of the leaves led to no further information concern-

ing the exaot identity of the lesions. Other inoculations ware nade with

spores collected at different dates end overwintered out-of-doors but no

other infection was obtained. It will be neoessary. therefore, to do more

research on the problem before the life history of the alfalfa rust

organism can be oompleted in the United States, that is, if Euphorbia oypa-

rlsslM is tha alternate host. It is the opinion of the writer, however,

that this could be done by sub.leotlrg the epores and host to more varied

environmental conditions.

After experimenting with many plants during the inooulatlon work in

the greenhouse, a very definite conclusion was reeohed. "or euooess, one

must use strong, rapidly growing plants. Even if weak planta beooae infected,

the fundus rarely will come to a aatlsfaotory fruition. All growth of the

rust, stopped with the death of the host and thue it was found that alfalfa
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ruat> like all tho other known rusts, cannot be considered apart from It*

ho*t. The vigor of the parasite leaned to be proportional to the vigor of

the host and observation* showed that a starved or dried-up host plant

meant necessarily a starved or dying rust.

Clinton (S) stated In 1934 that alfalfa rust appeared to be closely

related to the red olouer rust with which it was closely associated In one

of the field* observed. Arthur (1) In 1910 and again In 1911 made cultures

with uredloepores, ualng (pores from edicago sativa, sown on V, sativa,

Trilollua prater.se , T_, median, and JT. repen*, and produced Infection only

on ,'ledlcago. A somewhat similar test was made in this study in the green-

house during the spring of 1940. Two varletie* of "edloaro, V, satlva

and !£, falcate were used. Vfith t ese in tie test were two sreele* of sweet

olover, elllotus officinalis and H. alba , and two epeelea of oloveri namely

red oloveri Trlfollun rratci.se , and alslke olover. T. hybridum. Ten email

potted plant* and two pot* of larger and more mature plants of each variety

were lnooulated with a spore suspension and allowed to renaln in the moist

chamber for 48 hour*. The results were very striking and very much in

agreement with those obtained by Arthur. <jr the tenth day, fleo'cs began

to shew or. t « two apeoie* of alfalfa but no trace of rust was found on

the other plants. Final note* taken on the thirty-sixth day found the

alfalfa plants oovered with rust pustules but there was no evidence of

lnfeotion on any of the sweet olovers. red, or alslke clovers. Not even

•mall fleoks appeared so it see-s evident that infeetlon did not even

ocour, or, if 5t did, the fungu* was unable to natke any growth within tha

tissues of these plants. Therefore, it i* the opinion of the writer that
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Uromyoea strtatua will net attack these other legumes, end undoubtedly

olover rust is completely different from alfalfa ruet, with whloh It has

been eon fneed.

»>latlve Susoeptiblllty of Varieties and rpcolos of Alfalfa In the

vireenhouse. The greatest problem eonfrenting the writer after a satis-

factory method of Inoculation had been worked out oonoerned a means of

evaluating the severity of r»et lnfeotion on alfalfa plants In the green-

house. In other words, some method of taking aoourate notes on lnfeoted

plants was necessary before a comparison of the susoeptiblllty of alfalfa

varieties and eteoles could be made.

Chlorosis, in a way, showed resistaroe in alfalfa, reorosls being

the resulting effeet as evidenced by both field and rreenhouse observations.

In general, with an lrorease In resistance, t'ere was a deoreaee In the

number and else of the wredia and an Increase in the proportion of necrotic

areas without uredla. In the moot highly resistant variety only faint

fleoks occurred.

A successful method of evaluation was finally derived after muoh study

and deliberation over the problem. Notes were taken, on an avera<^, about

two wee's after the plants were inoculated. Followir.g each inoculation

the set of potted plants was placed in moist sand beds on the floor of

the greenhouse. ?ust pustules generally began to arpeer after nine to

twelve days. Three weeks later the final rust notes were taken.

In taking notes, a scale, 0-6, was adopted in order to plaoe the rust

fceadlnga on a numerloal basis, rather than noting rsslatanoe and suscepti-

bility as such. Some suoh system of takinir notes was necessary before

susceptible and resistant varieties could be compared. The rust readings,



then were classed under three general oriteria} naraaly, coefficient of

eeverlty, type of infeotion end lengthof infeotion perio-l. Eaoh plant

examined was riven a reading under all three criteria, eaoh being based upon

the sane 0-5 scale. By this system, a very susceptible plant night have

a total eoeffioient of infeotion of IS, while a resistant plant eould

easily have a total reading of less than 8,

The tern coefficient of severity is nearly self-explanatory, meaning

the severity nf the rnst attao'' as determined by the s'se and number of

the lesions on the infeoted leaves as well as tie number of leaves infected.

The type of infeotion varied with different plants as wall as with differ-

ent eneclee and varieties. This reading was based upon t'.e s'se of the

pustules, how erumnent they were, and whether any resistance was shown by

ohlorotio ringing! in short, it denoted the response of the plant. The

third orlterion, length of infeotion, oonoemed the apparent stage of

development of the rjst at the tl-ne the readings were made. The higher

readings, in a true sense, near that the rit had a shorter incubation

period. It ften appeared one to three days sooner after lnooulatlon,

and therefore caused nor* damage to the plant. Suoh was the case with

Turkestan and Hairy Peruvian,

To summarise, then, the coefficient of severity Is practically

synonymous with degree of Infeotion. Type of infeotion corresponds to the

response of the plant to rust Infeotion, I.e., the general effeot on plants

as manifested by ohlorosis, erunpence, eto. The length of infeotion oon-

oems mainly the time element in relation to infeotion.

Senerally, a hi h readlnr in the severity column was aooonpanlod by

correspondingly hi<-h readings In the other two columns, but this need not

neoessarlly be the caso. Often, even though the severity of infeotion



ranked highly, the type of response of the plant was suoh that a low read-

ing was reoorded. Likewise, the rust on all varieties did not develop at

the lar.e rate after infection had taken plaoe, henee, Tarled readlr.ri were

recorded In the eolumr oo> siderlng the length of the lnfeotlon period.

The total coefficient of lnfeotlon was derived by finding the aim of

theee three orlterla of ruat lnfeotlon. By dividing the total ooeffloient

by the total number of readings a figure was obtained that denoted the

average coefficient of lnfeotlon or the ao-o&lled ruat reading of the

plunt. This method i« ootsir'ered by tie writer to give as accurate data

on the plant and varietal reaotlon as any raethod known. The average of all

the readings taken for the plantn of any given speoles or variety pjav the

rust reading for that particular sreeles or variety.

These data were greatly condensed from tte original plant notes and

put In table form In order to compare the reaotlons of one variety or

srwolea with another. Table 8 showe the results of the tests run with a

di ploid epecles of alfalfa, J'edlca^o ru then lea Trantv., and a strain of

•'edlca^o falcate L. oalled Semipelatlnsk, ~.C.2?f:l3. '-'cth proved to be

very resistant to rust, fti only ore oooaaion did any of the plants of «.

ruthonlca shew any symptoms of lnfeotion ar.d at that tire it was question-

able, since no pustules appeared. Only alight flecks were evident, a

s>»ptc- ooranonly observed in hlr/ly resistant foras. It la reoognised

that the number of plonts used in the greenhouse was small, but observa-

tions In the laboratory and field Justify the opinion that this speoles Is

praetioally Immune. In fact, this speoles waa found to be the most highly

resistant form In all greenhouse tests.
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Samipalatinsk had a final rust reading of 0.81 end showed a very high

degree of reslstanoe In nearly all plants. Very few pustules appeared, but

chlorotio areas and small fleoks or. the leaves denoted Infection by rust.

Both this strain and the provicus speoles show considerable premise from

the standpoint of rust resistance but neither has been used extensively In

breedins work because of their undesirable sgronoaie characters. In tha

greenhouse tests, Saxlpalatir.sk proved to be hi hly resistant, but slightly

lees so than U. ruthenloa as shown in Table 5,

Ladak showed the most resistance of any of the agronomical ly important

Tarleties. lustules on th's variety were generally verj- small and non-

erumpent. Often no more than a minute, neerotio flooking oould be seen as

evidence of infeotion. ladak plants varied In their reaction to rust as

well as in agronomio oharaoters, as shown by tests of selections that will

be discussed later. In general, however, they all showed considerable re-

eletanoe. results of rust tests with Ladak are given in Table 6 and show

the average ooeffioient of infeotion to be 1.68. In comparison with sus-

oe;tlble Turkestan it was found that Ladak oarried about twice as much

reslstanoe as this commonly grown variety. On the basis of all the rust

tests discussed herein, ladak must be co-si dered to possess the h: sheet

degree cf reslstanoe of any of the ooraneroial varieties.

Another speoios, •odioagp faloata , also was tested with rust. The

results of teats W th 25 potted plants are shown in Table 7. FUnts with

different degrees of reslstanoe were reserved in this epeelos, the total

ooeffioient of infeotion varying from 1 to 1S.6 for differs, t in -ividual

potted plants. So-e plants proved to be somewhat' resistant and probably

would show promise if oarried Into further studies.



66

1
8

8o W ^- t^ r-J
* CO tO & Q lO CMD H O

M •o

I CT) CD O t- CM (0

1 t; C l-t «-C «-H rH o o «M i-< r-< c .-< C- r-*

1
r* »-»

*«

t O

*> 44
19

•H• «-t UJOttW o o CO O in o if; O
C P CO CM o »0

* • • • • • • •
t- r-» 83 < wo *"

Cm O H 10 W <-< CO to CO o
^H »0

I
*" *

s «M
g
X> wiooo

•« o

I

to CO in in mom o
rM

t o - • •

S t- »H f> r~»
• • • •

CM iJ*

• • •h cm in
•

s
•

»—

i

S 1

i-t »-t i-C CM

»H
81

1 «-,
g4 •0

s ° -P lO in » to O m O O o o *n o CO
1 p • • • » • • • • • * • •

* in to cm m r-t CJ O 10 t-t
** i-t r-C iH r-i CM o

% r-i

g
S

fa
4>

t. lO o o o in o o m O O m O CM
in

O fl; • f • « • • • • » • • • t
»-*

c £ w o « im -4> t- N W CM CO CO CO
3 C »H r-f p-l CM o»

8 .

.88

«...

o
0)

e <h

3 f s Bc a V c

[i
«h Nowm CO *> CO * to in « o>

1

i-H CM r-t CO «-t * CO
r-4

ttj C*
*> o

55
fe
5

3 s
1

C * CO «* I-* to CO CO CO •H in ^" 10
2 * . r-C CO
10

I
•H

I (X

•
4* * «lft CM to CM «-« en to •-• r-C Cft

3

1
|
14

•
O
S * rtw r4 -H r-C

3 5 3 E t fa
CO

1
s

I C1 f '
; 5- 1



67

g
ft

I
*

t- o> M » to ¥i e- ft
IB

1
o> CM f* CO o C-

g. f
WO f-H f-t to cm ft

ft
ft

§ o»
•*»

•

e | i-l o ^ in UD O O in
«H o

J •* tB
• • • • i

I
ft o> t- f- 00

& <-* CM "* ft cm
*-*

E
o 8
4>

z .

if

"8 % O
CO1

"H O O IT O O
*s i* n • •o •

to to
•

in
•

ft
o* r-i ft •d*

£ J i?
c

J
1

V.
g

CO
• om in in o o in c*-

C
§ in •#

• • • • • •

1 J! & w CO CD 13
l-l $ pH

c +* : . 3

%

•H

\ •r* o o m O O
*o

• • • • • • • *
V •r-i «• l-l cm to 01

4h 3
E ft ft 0
^t I

O
s C-.

SI
2

1

a
o

I

1
r-l « u
I

1
« CM CD * in to m

O *> •O *-4 rM CM f* C-»

O
s

1
Q B

!•rt «H

V. B
O 3 %P o

fa 5
j

CO CD U> CM in
IM

k <o

I
H

| a

• 09 f
e- 4m n « CM f* O *-*

tO B -• to ft ft
9| ft * r-« r-l

I
1

5
t \

t
|

i

1
S



n

The three Var.ses Co-sson aeleotiors of alfalfa used In these tests

showed a out the saae rust reaction. Ordinary Kansas Common, or that

lard by the Kansas fan-era, had a reading of 2,42, a wilt-resistant selec-

tion 1-2018 was nearly Identical with a reading of 2.47, while Kansas

Common 1-Z05 was only sllpjitly higher, netalled results of these tests

are given in Tables 8, 9 and 10, respectively, Tl eae results show that

the ordinary Kansas Common is just as desirable as the selections, as far

as rust is oor.oemed. The results of all rust tests indloate that Kansas

Common, aa a variety, has only a moderate degree of rust resistanoe, being

less resistant than Ladak and oorslderebly more resistant than Turkestan,

Oriara alfalfa ranked eighth among the speelee end varieties tested in

the greenhouse, ratir.g just above the Kansas Common strains, '.'ore uni-

formity existed among these plants than with any other variety unless it

was the Tur'ceetars, whioh were uniformly susceptible to rust. A total of

281 readirgs were taker, on Grimm plants, with a resulting everare oo-

effloient of infeetlon of 2.75. Detailed results are shown in Table 11

showing that Orlran la sllrhtly more susceptible than Kansas Common. The

variety should be oor:sidered a ruat-susoeptible one.

Turkestan types, including Kardlstan, proved to be very susoeptible

to rust. Turkestan 86696 ranked next to Kardlstan in the greenhouse tests

with a rust reading of 3.28, and it was olosely followed by another selec-

tion, Turkestan 19304, whioh had an average coeffiolent of infection of

3.34. Both were very susoentlble to rust, and, in general, many large,

erurapent pustules were produced on all plants. For this reason this

variety was used to lnorease the supply of rust inoculum. Large stem

pustules were often quite numerous, retailed data of tests with 326
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plant* of this variety are given in Tables 18 and 13. Field observation*

a* well as greenhouse tests indioated that Turkestan types were the -tost

susoeptible of the ooamon alfalfas, exoeptins 'airy ^ruvian,

Cnly 10 tests were made with the ".ardietan variety* but the average

coefficient of infeotion of 3.25 oorreeponds olosely to the readings TOde

with t;» Turkestan* fron which Kardistan supposedly originated. ' uoh a

reaotioa mir>.t help prove its origin. Results of the teats run with this

variety are inoluded in Table 14 with those of Hairy Peruvian.

The most susooptible of all the plants tested In the greenhouse proved

to be the variety Hairy Peruvian, 'lust seened to make its appearanoe on

this variety earlier than on any of the other specie* or varieties and also

oaused nor* damage to the plants. Stem pustules were large ar.d very ooroion,

Hesults of greenhouse studios with this variety are shown in Table 14.

A suasnary of all greenhouse tests is shown in Table 15, All the

varieties used in greenhouse study are listed here in the order of severity

as determined by artificial inoculations. Inoculations were made in the

greenhouse whenever the plants roaohed a; proximately the right aise. Ho

actual plant notes were taken until February 5, 1940, after a S'.ooesaful

and practical Method of inoculation had been devised, Between that data

and the first week in June, after which the groonhouse temperature rargsd

too high for rust work, a total of 2109 rust readings were taken in the

greenhouse. Varying numbers of plants of each variety were used in these

tests. Only ten plants of redloago ruthenloa were available, whereas a

total of 168 plants of Turkestan 19804 were carried in experiments. The

table shows that a total of 705 plants we--e tested in all, T* e ruet

readinr.s varied from 0.00 for "edioago r-jt'erloa to 3.56 for Fairy Peruvian.
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Table 16, Sunai ry showing relative eusoeptibility of varieties and

conrtiti ?ns. nnhattan, Kans., 1940.

Speoies, variety .evorlty
rark

Total

ll :

Total
readir >-s

Coefficient nf lr.feotlon
or selection ' V'al iveraei

Vledlotu.o ruthenloa 1 10 30 0.0 0.00

Semipalatinak 2 24 72 58,5 0.81

Ladak 3 es 189 307.0 1.63

Uedioero feloata 4 25 75 128.5 1.71

Kansas Common 5 25 76 181.5 2.42

Kansas Cenraon 1-2018 6 74 222 547.5 2.43

Kansas Coranen 1-205 7 44 132 343.0 2.60

Oriin 8 77 231 210.0 2.75

"erdistan 9 10 30 97.5 3.25

Turkestan S6696 10 156 474 1662.6 3,28

Turkestan 19104 11 168 504 1881.0 3.54

Kairy Paruvian 12 M 75 267.0 3.57

Total 70S 2109
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eleotions for ;st eslstaroe in ladak Alfalfa . The control of

diseases oaused by rust fur.gi by the dlsoovery of resistant strains in

varieties, hybrids, or epeoies from various sources or by eeleotion In

well-adapted oomneroial varieties of crop plants has received much atten-

tion in recent years. However, very little wort: or investigations have

been done as far us alfalfa rust is oor.oerned. "uring the sunner of 1911

plots were examined at the Iowa experimental plots (19) for the purpose of

noting to what extent rust prevailed ajnong U;am. It was noted that cne

plot i>f ar. unnamed selection with nearly white flowers was badly rusted,

while an adjoininr plot o# a reoert introduction from Germany was sparsely

effected. To net was roun<1 on "elllctus alba and ]£. officinalis growing

nearby. In another instar.ee, it was noted in 1922 that several plants in

• heavily infected field of alfalfa growing on the Soils and Crop Experiment

Harm at Lafayette, Indiana, showed hi rh reslstanee (18), These were trans-

planted to the greenhouse where their rust reslstanee was proved by inocu-

lation. Vairs (10) stated, in 1926, that "Individuals resistant to the

alfalfa rust, Hromyoas ".ertictsflnis fa,ss,i have been found in strains of

euoh varieties as 3rlim, Cossaek, Vale, Ariser.tine, Dakota, and "ew Zealand,"

These three reports constitute the whole of the literature on resistanoe

to alfalfa rust a?id they, In Mm true sense, carry little praotioal sig-

nificance.

Although foregoing experiments demonstrated considerable differe~oe

among strains cf alfalfa in their reaction to rust, casual observation

in the field already had indicated the existenoe of suoh differenees.

"otes taken in 19SB by D. B. Creager, then oonneoted with the Kansas

Agricultural Experiment Station, suggested that plants and varieties

varied in susoeptlbllity.
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during the sumner of 1939 ha also selected two plants of t.adak fron

an old and established experimental field at Volouth, Kansas. Both were

taken from one of the variety test plot series wMeh v ad been planted for

seven years. Uther varieties had alaont disappeared due to wilt and even

sons of the Ladalc plants had been killed, "heee ware seleoted for three

main purposes! (l) They see-ed resistsnt to leaf and stem diseases,

especially blotch and blaoksten, which were present on nany near-by plants,

while very few lesions were p-esent on the two plants selected, (8) they

apparently were resistant to wilt because of survival for so many years

In the presence of the dlseaao, and (3) tlisy were flne-ttemned, lesfy,

abundant floored, an! upright In habit of growth.

Several cuttings were nede from these plants In the greenhouse with

the idea of testing them for rust resistance. Purine the winter t^ese

plants we.-e run with other groups »t plants in t^o inooulation chamber

Ui.til all outtings had been tested three tines. The results indloated ttiat

both original plants were fal.-ly resistant, h.t their reaotions to rust

were not greatly different from test of ordinary Udak plants. Ut^ojgh

the resistance of Ladak «nd the two •elections definitely is an inpr^vsnent

over the s jseeptibillty ef Turkestan and Kansas Cannon types, the rfiscovery

of a acre re si start strain in lidak made it seen advisable to disoard the

earlier selections.

During the fall of 1939 extensive rust notes were taker on replicated

rows of six varieties of alfalfa grown in nursery blocks. Rats infection

was very heavy on susceptible strains of Turkestan, while Ladak showed

only light lnfeotion, Nearly all plants had some infection, but ore plant

was found in one replication that showed no Infection. fust readings were
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made at three different date., but at no tl-.e waa any lnfeotion found on

thla seleotion. 1Mb plant was rather spreading in it. growth habit, and

had many small atoms and loavos. No rust pustules ovor wore found on any

part of the plant. Because of its promlsin e posaibilltiea this plant was

oarefully transplanted to a pot and brought to the greenhouse for further

and more ae-tore tests.

It was so-netime, as already desoribed, before a .uocee.ful raettiod of

inoculation could be ai.oovered. In the meantime, thia plant was eared for

in one of the aand beds with many other plants. Finally, after the desired

method for inooulation had been worked out. the plant was tested with other

potted plants. Co none of the first four tests were there any siijis or

•jmptom. that lnfeotion had taken plaoe. These early tests suggested that

this plant night be imune. This seemed very logical in view of the faot

that otter plants plaoed direotly beside it in the moist ehamber were

heavily infested at the end of two weeks.

It was deoided to give the plant the most severe test possible. A

heavy suspension of spores was prepared and atomised on the lone plant

now plaoed in one of the nsall metal oyllnder moist chamber.. It remained

In the moist ehamber for 48 hour, after whioh the gl... oover was removed,

but the plant waa left in the moist ehmber and .and kept well watered.

t. the fourteenth day after inooulation very faint fleok. began to appear.

The met failed to oontinu. development, however, and no indleation. of

pu.tule. ever were observed. S» final stag. mi*t be d.eortbed a. .mall,

minute, neorotie areas, whioh definitely showed that the organism failed

to reaoh fruition within the tissue of the host. This, however, waa proof

that infection did take plaoe but that the plant earned a very hl<* form

of morpholortoal or physiolonloal resistance.



Mtti »uch * lone promising plant, the next problem was to propagate

nope, or In some way obtain more plants from the original aelaetlon In

order to make more teata and not at the tlrre rtek losing the plant In some

way.

Through wry fortunate otroumstanoes, the writer waa able to obtain

57 Tlfroroualy growing cutting* from the on* parent plant. These were

given testa during the fall of 1940 and found to oarry the sane resist-

ance as the parent etoolc, as would naturally be expeoted.

The only hopea of alfalfa met oontroi lies In resistant varieties,

slnoe suoh a forage crop cannot be sprayed, dusted, or treated properly

with fungloldea on a commercial scale. Therefore, this plart, In the

opinion of the writer, may hare great possibilities In the future, especially

If it proves to be resistant to other alfalfa diseases, euch as wilt and

blaolcsteai. The variety, as a whole, carries some resistance to both of

these diseases as well as a high realstanoe to rust, but the problem is In

the degree of reeistanoe oarrled by oertain plant selections. -eoent tests

by C. 0. Orardfield, of the 'ivieion of T'orag* Crops and riieases, have

shown that this ruat-reelstart selection also is highly resistant to

blaokatem. Part of the cuttinrs mad* from this selection will be retained

by the writer for further *tudy. The reminder will be released to th*

alfalfa improvement project of the Kansas Agricultural Exp*rls»nt Station

for other disease teste and pos«lbl* inorea**,

Weld Experiments

Material and Method* . A nursery consisting of five 60-foot Mooks of

4-foot rows was available for alfalfa rust work In the field. Mx varieties.



iri-m, Udak, two aeleetiona of Kansas Common, 1-208 and 1-2018, Turkestan

86696, and Turkeetan 19304 wars planted in thia nursery. Th«M were repli-

oatad in different mannersi s<me were randomised, two blocks war* made

up of two row raplioatae grown aide by if de and the remainder were planted

in 12-row aeriea of eaoh variety. Plants were apaoed »1^M Inches apart,

six planta per 4-foot row. Thia allowed ample room for oult'vatior and

permitted a atudy cf eaoh plant individually aa well aa a coFpurieon of

rowe for varietal dlfferenoee.

Besides thia nursery, the Arronony farm plots were available for

obaervation at all tinea. Various general notes were taken during the

fall of 1989 and valuable obaarvations raade at freouent intervals.

Intereeting atraina from India, Turkey, ^ssia, Canada, and other foreim

oountries as well aa many introduoad strains from other states were grown

in the plota at the Agronomy fam.

Alfalfa mat made its firat anpearanoe of the year at Manhattan on

July 17. It was not until after the firat week in September, however,

thnt infeotion soared suffloiently heavy and well-distributed to ,1u«tify

notea on varietal susceptibility. Frequent waterings at Mm mi tuf»ay

during lata July and Auruet and considerable lata sunnier rain r-ovio«d ideal

conditiona for good ruat infeetion in the alfalfa plots.

Dotes on severity of infeetion ware taken at three different dates

on the six varieties in one of the blocks to determine their field res.ot.ion

to rust. These six varieties were plaoed in randomised 2-row series -ep-

licated in the blook, ten rows or 60 plants of eaoh variety, Saeh plant

was examined carefully for ruat arpearing on leaves, petioles and atana,

Eaoh row waa than given a numerical value from 0-9, the sane system of

numbering that ia used by the United Statea Department of a(vt«al«JeM in
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reporting daaage dona by the leaf-spot diseases of alfalfa. The lowest

lumber, in this oase, renresente the nore desirable plants, those that

are most resistant to rust. Thus denotes ro r^et at all, 8 noticeable,

4_ to £ medium attaok, T_ severe, and £ to 9_ very severe, »*th -i»rVed de-

foliation. neadlni'S were tav-en on three different da<-«s, berirnirr

Bertember 8, 1959, and repeated at two-week lnterv«le, on Se'te-bar 88

and Ootober 6, reapeotlvely.

Field 'oadlnra In 1989 . Tables 16 end 17 show the results of read-

ings taken on the six varieties nentioned heretofore. fedak, e variety

already known to be fairly resistant to leaf and sber diseases, had a low

averai-e reading of 2.8. Sunt was noticeable but caused no real damage to

the plant. Two eeleetiona of Kanaas Cormon, 1-803 |mj 1-»018, exhibited

oorsiderable reslstanoe as shown by average •ee-'inga of 8.9 and S.l,

respectively. Grimm ranked next with a reading of 3.6 ird'oa*-1n' only a

moderate degree of resistance, Py far tlie most s-seeptible were the two

Turkestan varieties, 86896 and 19504, These two (trains, whioh are Vrown

to be mora suseeptible to leaf and stew diseases, ware very definitely

damaged by the ruat. Pustules were larpe and very ri~io.-r.ug on the leaves

and steip pustules were undoubtedly causing severe injury to the pla^*-.

Badly infeoted leaves were dryine, up and fellir- to t>-* »-oun'". Bw ha

time of the last readings on Ootober 6 +h» Torkeetan rows rercra!]r could

be diatlnruiahed from a dietar.ee due to their greater loes of leaves,

Turkestan also showed very plainly another faot that was later substan-

tiated with potted plants in the greenhouse studies, i.e., that the new

growth was larger on the more susceptible plants.



Table 16. Sesponse of alx different Tarietiee of 'edloajo satlva to a
natural Infection of alfalfa rust, "ronyoea atrlatus ir. the
rust nursery, 'anhettan, Kansas, 1S39.

CFWi Variety 1 opt.

.
•-. In feetier

'

"To'taT"

1-2 iaa 3 3 2-3 8.5 2.8
3-4 ladak 2 2-3 2 6.5 2.2
6-6 'arsee Ceraon 1-205 4-5 3 3 10.5 3.6
7-8 'or gas Common 1-2013 6 3-4 2-8 11.0 3.7
9-10 Turk#etan 86696 8 8-9 7 23.3 7.8
11-12 Turlceatan 19304 9 9 8 26.0 8.7
13-14 -,--.

6 6 5 17.0 .

15-16 -'areas Cawaon 1-205 6 4 3 12.0 4.0
17-18 U4aa 2-3 3 2 7.5 2.5
19-20 Kansas Coroon 1-2018 2 2-3 2 6.6 2.2
21-22 bona Cosnon 1-205 3 3 2 8.0 2.7
23-24 Turkaatan 86696 9 8 5-6 22.5 7.6
25-26 Kansas Coanon 1-2018 2-3 3-4 2 8.0 2.7
27-28 Turlceatan 19304 7 7-8 5 19.5 6.5
29-30 ;*i 5 4 3-4 12.5 4.2
31-32 Kaneas Jonmon 1-2018 3 5 3 11.0 3.7
33-34 age! 3-4 3 4-5 11.0 3.7
35-36 Turkestan 86696 6 6 5 17.0 5.7
37-38 Kansas Common 1-205 2-3 4 2-3 9.0 3,0
39-40 Turlceatan 19304 7 7 6 20.0 6,7
41-42 ;..J.

..
2 3-4 3 8.5 2.8

43-44
46-46

Turkestan 86696
Ladak

6-7
2

5

3
7

2
1 .

7.0
6.2
2.3

47-48 Turkestan 19304 6 '-.: 5 16.5 5,5
49-50 Kanaaa Common 1-2018 2 2 3 7.0 2.3
51-52 Turlcaatan 86696 4 4-5 3-4 12.0 4.0
53-54 pi - 2 2-3 3 7.6 2.5
56-56 Turkeatan 19304 S 5 4-5 14.5 4.8
57-58 Ladak 2 2-3 3 7.5 2.6
59-60 Kanaaa Coanon 1-205 2-3 2 2 e.s 2.2



I

Table 17. Suanary of field reaotiore of alfalfa varieties to ruet.
. a-teTTiber-iJOtober, 1930.

Variety
Total
MM

al .'otal

sevnrity
Average
severity

^e-verity

Mi 10 s 54.0 S.6 1

Udak 10 3 39.5 2.6 1

Kar.aaa Common 1-205 10 3 46.0 3.1 3

Kareae Common 1-2018 10 3 43.6 2.9 2

Turkestan 66696 10 3 93.5 6.2 5

Turiceatan 19S04 10 3 96.6 6.4 6

Kotei Sows replloated, reedin;-e baaed em obeervntions on two rowe,

Ladak and Kanaaa Cannon 1-2016 aeaned to ahow definite reslstanoe.

In the oase of "anaae Conrcon, many of UM leafleta exhibited a ohlorotio

killing of the tissue around the email pustules with a neoroais following,

and later, a dropping out of the diaeaaad tissue giving the leaflet a sort

of ahot-hole effeot. The renalnder of the leaflet regained green and

apparently continued to function normally.

There seemed to be large differences in susoectibility even within a

variety. Very reeiatant and Tory suseeotible planta were narked and left

atanding. These were later transplanted to pota and moved to the Kroenhouee

for winter inoaulation work.

Kot only were ruet reading made on plar.ta in the 3uet Nursery, but

varieties and aeleotlona grown in an adjaoert rilt nursery were available

for study. In one section at the wilt nuraery eleven different varietiee
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of alfalfa were planted in three-row replicates. Thaae plants were to serve

as transplants to be grown In pota In the greenhouse but they also showed

excellent varietal differences to rust, Ruat notes Yiere taker on two dif-

ferent dst«e, repte-ber 8 and September 22, 1939. These readings are

found in Table 18, Add' +1 oral plant I -tee were taken at the

and these are combined with t'e table. These aare varieties were

transplanted and tested in the greenhouse during the winter,

n."te» were also taken on a group of 49 wilt-resistant strains

of alfalfa at the Agronomy farm during the north of "epterber 1939. '^ese

seleotlors were made from several different varieties and were at the tine

beln,7 grown for seed Increase, In sore instanoes there were several plants

under one selection number, ether times, only one. Many of these strains

were of foreign origin, havirr, beer developed either In other atatee or

in foreign countries, such aa Sussia, Turkey, Canada and India, :t was

interesting to observe that there was a great rarre in the susoeptiblllty

to the rust orranlam, even within the sans selection, "or example, a

rarre of 0.0 to 7.S recurred for fansas Ccnmon Selection 1-102 and 1.0 to

7,0 for "areas Coianor. Selection 1-108. In a similar manner, Selection

2-102 of the variety Kaw varied fron 1.8 to 8.5, Such variations oar be

scted for most varieties of alfalfa. I is actually r*ns to a

difference in the jenetic wake-up of the plants is still a problem to be

solved. It is true, however, that raost alfalfa plants are not homozygous

for oany characters, and probably not for rust resistance.

All of the plants that were examined in this plot had gone to seed

and sone of the seed had already been stripped. However, some plants showed

a definite loss of leaves, -anile others showed very little defoliation fron
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rust. The only rust found in any quantity in the Agronomy nursery during

the fall of 1929 was on those old plants. Tha largo uniforr. agronomio

nursery had been out, the plants had grown op and were bloominr *o*in, but

very little rust was present, '.lowerer, so-e rust was four..! in as adjaoent

plot of soodlings that had been transplanted from the sreenhot-re early in

the spring. Rust of these plants was not nearly so heavy as *M« on tha

seedlings growu in the regular rust nursery, however. The latter plarts

had been watered frequently and showed good loaf growth and cxoellent rust

infection. This proved that abundant moisture is necessary for pood mat

itfeotion in alfalfa.

The field data tliat have been presented seem to agree with reading*

nade on the varieties, seleotions and s,eoies in the laboratory and green-

house. However, it was desired to bring all readings together so results

oould be prepared direotly. Table 19 was prerared with this objeot in

view, iiere the rankings of the various strains under each of the three

conditions are shown. The Utter figure in the table is ooneldered to

represent the final ranking of eaoh strain and to indicate its relative

susceptibility, ihis table, therefore, shows the ranking cf eaoh strain

for each tost end its average severity rank for the three conditions.

fat* variables as the us* of a different nuaber of varieties and

unequal uuabers cf plants are known by the writer to exist in these data.

Another di:foring faetor in all oases Is the prevailing envi ronaontal con-

dltlon. ::o«ever, after plaoliig all fcaa rankings of the. basis of 12 varieties,

the greatest number used in any one experiment, a final ftverago ranking was

obtained that oorrosponded very closely to all observations rcade by tha

writer in this study. Therefore, even with euoh variables and lnperfee-
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tione, such a numerical ranking leant to be rather aoourate and certainly

a Tery worth while oontributlon to the summary of this study.

On the basis of the data shown In Table 10, edloa.-o ruthonlca was the

nost resistant of all plants tested. The rext in rank were U, faloata and

Sesiipeletir.sk, both of which showed considerable resistance. l*dak ranked

fourth but it might be olassed as first among the oommeroial varieties.

Kansas Cannon types showed only moderate reelstanoe in all oases, 'enoe

they all had intermediate rankings. Although Hairy Feruvian proved to be

the most susoeptible in greenhouse testa. Its final ranking was below

arijam and Turkestan. This was due to its freedom from rust in the field.

Kardietan and Turkestan were by far the most susoeptible of any plants

tested under either of the three conditions.

: ield Tsadlnss in 1940 . During the fall of 1940 very little alfalfa

rust was present due mainly to the laok of rainfall during the month* of

August and September. It was first seen at "anhattan on July 26, wbioh

is about the usual data of its first a< pearanoe in the oentral plains

area, but failed to develop as It did the previous year, however, a light

but unifora Infection of rust did develop a few days before the first

killing frost. Thus, rust infeetion was very li,-ht and of little importance

in the vicinity of Vanhattan in the fall of 1940. This was not true for

the entire state, however, sinoe on Kovenber 5, J. C. Miller, Extension

Plant Bathologlst for Kansas, reported numerous outbreaks of rust on fall-

planted alfalfa, but failed to estimate ths damage.

Through correspondence with Dr. K. Starr Chester it was found that

the mm conditions prevailed in Oklahoma, la stated that he ' ad not s«en

any field* suffering fro» rust in 1940 beyond a negligible extent and that
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no sample* of rusted alfalfa had bear, aent 'n for oontrol reooranendations.

He remarked, oonoeming t;he latter, that thia mi most unusual.

Due to tola llrbtness of infeotlon, no reliable rust notes oould he

taken In the field during the fall of 1940, rowever, the writer was very

fortunate In ' airing W. T, Emery, United States "apartment of Agrioultura

Bitonologlet, oall his attention to the rust Infection In the pea aphid

nursery grown at the Pureau »f Irtcmology and Plant Quarantine at Manhattan,

during the wintor, rust had interfered greatly with pea aphid work in

the greenhouse. After infeotlon had started, It Increased at a rapid rate

due to the Ideal ocrdltlona prevailin?; for rust infeotlon, rfust was found

to be more serere on the outtinga rear a mist or apray used to keep the

plants tender and suooulent for pee. aphid work. The disease n<te~ed to

dry up the leaf and stem tiasws of the plants until the pea aphid would

n t feed,

Mr. Baery transplanted outtims from plants known to be resistant to

the pea aphid to the nuraery during the flrat week in Kay. Unknowingly,

he thereby oarrled the rust to the plots. The euttings were watered daily

by means of an overhead sprinkler until they were well started, after

whloh water was applied onoe a week throughout the month of July, The

main purpoaes in watering was to keep the plants growing and to proteot

them from the potato leaf hopper. This proved to create ideal oonditiona

for producing a rust epiphytotie, as evideroed by the almost perfeot

lr.feetion obtained over the plot. If t>.e conditions lad been more dry

and less humid, rust would have undoubtedly oaused less danage. leaf-fall

of the aeed orop was eatteiated on September 21 to be from 15 to 90 peroent,

depending on the variety, Hanage to the seed orop in the plots ranged
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from 6 to 50 percent, again depending on the variety. Kven the new growth

appearing around the orowna of the eeed plants was showing considerable

rust lnfeotlon at this tine. The following notes were tsken on different

varieties in the pea aphid plots (readings based on the sane 0-9 system

used in the varietal studies in the Rust rtursery)i

1. Coseaolc ' o. 63S7-S3 -15, selected In 1936 for aphid resistanes

and selfed since 1937. lust reading was 2.5. The plant seem-

ingly showed considerable resistance, especially until very

late In tKe season when rust was prevalent on the leaves. There

was very little stem lnfeotlon and the plants produoed a good

crop of seed.

2. Cossack, Plant Sel. 6S37-14, 7.6, a such more susceptible line.

Many leaves lost due to rust, leaf pustules much more numerous

where leavee are present. Stem pustules abundant* Seed orop

definitely da-aged, pods dried and shrivelled, turred brown

before tine to o»ture.

3. Cossaolc, Sel. 6837-12 and S38-7, 6.6, fewer stem pustulee than

• receding plant but leaf lesions very prevalent.

4. Cossaok, Ml, CS37-12, 4.6, fewer pustules on both steras and leaves.

6. Cossaok. Sel. 6ES7-22, 6.5 , leaf rust very severe, sons stem pustules.

I o seed prod- ced.

6. TvjrVostan, Sel. T16S37-1C, 8, very susosptible. fcaotion the sane

as that of Turkestan in r--st plots and greenhouse. Both stem

and leaf lnfeotlon, not so 'eavy leaf fall, however. Very little

seed set.

7. Turkestan, Jones 16, 9_, o r.pletely susosptible, most seriously

rustsd of all of the plants examined, "'any stone devoid of
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loaves, fall d e to rust, Vary little seed sat.

8, Turkeetan 86696, Sal. BIS58-11, 9, batter teed sat than the pre-

oadlr; seleotlon, but much of it ad not -natured normally due

to rust.

9. Turkeatan 86696, Sal. B1S3S-12, 7,5 , muoh Ilka preceding, except

laaa stem infeation and bettor aeed set.

10. Kansas Common, Sal. M24S36-1, 4.5 , heavy leaf infection, none on

atena. "ood seed sat.

11. Kansas 508, seleoted in 19S8, Agronomy Vo. 5-20-2, 1.0, highly

reaistant to rust. Showed no infection until very lata in tha

season when little damage could be dona. These planta had bean

selfed from one plant at the Agronomy nursery that showed

resistance to pea aphids.

12. Kansas 808, Sal. 29S3f-S, 4.6, ausoeptlble to leaf infection but

no etem pustules. ( ct so "cod as preceding plant, Good aeed set,

IS, Ladak, Sel. D11S33-3, 5.5, rather heavy ruet infection for variety,

both sten and leaf. Not muoh aeed set.

14. Ladak, Sel. D14S3e-2, 6, n:ated heavily, eapeaially leaves.

,- ;, j| , v„r tmm Mkta Ita to* tai .

An interesting hypothesis was reached after a oareful study of these

planta. From observation, it seemed that those planta having heavy stem

infection had a muoh smaller aeed set than those having vary few or no

steal pustules. In most oases, larje, nomal seeds were produoad on planta

free from stem pustules. It scans passible that the larpp lesions on tha

•tea* interfere with the nomal tranalooation of tha etorage products to

the aeed. They undoubtedly lead to a greater loss of water by tha plant.
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Observations pointed toward the faot that a heaf leaf Infection did not

cause nearly 10 nuoh Injury to the seed set as a heavy a ten Infection.

Plants of the Kansas 308 variety showed this very plainly. All were

relatively free from Stan pustules but some showed an abundanoe of leaf

pustules. In all oases, however, the seed set apeared normal. The

variety, Turkestan 86696, is very susoeptible to both leaf and sten lnfeo-

tions. With the exception of Selection BlSSil-12, they all produced only

snail amounts of nornal, plump seed. This selection was nuoh like the

preoedlr:<-, as far as leaf pustules were concerned, but had an exceedingly

snail number of stem pustules, hence, a much better seed set. From the

evidence provided by hea* and other plants, the writer la inolined to

believe that heavy infeotiore f rust on the sterss cf alfalfa oause nuoh

greater reduetlons in the seed orop than equally heavy lnfeetions an the

leaves only.

Spraying Alfalfa for "ust Control. Two blocks of 12-row renlioates

at the field nursery were utilised in a spray test in order to study the

effect of sulphur upon the rust organism. Five varieties, Turkestan 86696,

Turkestan 19304, Corses Common 1-205, Kansas Caeraon 1-2018, and Ladek ware

planted in 12-row replicates but there were only six rows of the variety

r\ .

One-half of the rows of eaoh variety were sprayed with a 98,5 percent

wettable sulphur at the rate of four pounds to 100 gallons of water. The

other six rows were left as checks. Two Sprayings were made at weekly

intervals during the eeoond and third weeVa in August 1939, and the plants

were out Just a month later. M definite results could be seen due to

the spray. Leaves on most rows of the tested plants were rusted as badly



as th« oheoks. At least, there was little elgnifloaft difference. After

outting, the plants were sprayed again while the growth was still very-

young and in a week the process was repeated. An early frost on September

SO killed the plants so no results were obtained. It was hoped that testa

oould be run again during the sunner and fall of 1940 but net erough rust

appeared to warrant the work, evidently s raying aniat be started earlier*

with or before the first signs of rust infection, in order to get the best

fungioldal results, if any, from the sulphur.

Even though sprays or dusts would oontrol rust, it ^s very questionable

as to their practicability, due to the expense of the fungieide and the

labor involved. They, however, night be applied handily to small plots

when there la danger of loslrg an important seed crop.

mscnssicw

After notl | differences in varietal susoeptibillty to alfalfa rust

under moderate infeotions in the field, It was assumed that under favorable,

controlled conditions In the greenhouse severe infeotions nir.ht be produced

thnt would lead to a raueh more oomplete knowledge of the reaotion of

oonmonly used alfalfa varieties to rust.

Very little work had been done on any phase of this problem up to

the tine of these studies, espeolally in oulturing this ''ronyoes in the

greenhouse. Therefore, it was neoeseary first to explore all the possi-

bilities in an effort to diseover a simple nethed ttf obtaining rust lnfeotion

in the greenhouse comparable to that in the field. After much experiment-

ing it was proved that greenhouse inoculations oonduoted in the right nanner

would yield even better results than field testa. It was found that fresh



uredlosporee must be used in crder to obtain the beet Infection, This

wee exemplified by germination experiments in the laboratory whioh proved

that unless the uredloepores were stored under the taost ideal conditions

there was a rapid deolire In their geminating power. Another retarding

faotor was the ''earth of spores often prorinoed by alfalfa plants, as

oontrasted to wheat rust, for example. The mode or nethod f collecting

the rust lnooulun from small leaflets also was a perplexing problem.

Finally, however, it was discovered that excellent lnfeotion oo'ild be

obtained on a larfie number of plants by placing them in a moist ohamber add

applying spores by rears of a small fly sprayer. Tie spores wers placed

in suspension after scraping them from alfalfa leaflets with a small,

flattered reedle. This method of inooulatlon was very satisfactory beoause

of it» relative ease and simplicity.

The greenhouse, it seems, is very Important in the study -f varietal

differences to rust lnfeetlon, A great number of plarts can be studied

and elnoe conditions for obtaining good infections uan be produoed, reliable

notes on varietal reactions to riet may be taken.

A summary of all the greenhouse tes's showed the loid species,

edlca,?) ruthenica , to be the moet resistant of any plants tested. It was

ost impressive to note the wide range in susceptibility among apeoies and

varieties of alfalfa, e.g., from a rust readirg of 0.00 for I. ruthenica

to 3.66 for Hairy Peruvian. The results with V. ruthenica ratrht indioate

that low ohromosore plants carry a much higher degree of resistance.

Further breeding work may be able to olarify this point.
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In general, there wss a very close correlation between the laboratory

and greenhouse tests end observations -ade In the field. This indioates

that a testing program may bs carried out under controlled conditions end

give the nsn results in a r.uoh shorter tine than if one depended only on

field obssrvations.

It was possible to seleet resistant for-is from several different strains

of alfalfa, ladak and "edloago falcate , espeolally varied eoneiderably.

Plants with different degrees of resistance often were observed. This was

not the oase, howeverf with such varieties as Grimm and Turkestan, whioh

were rather uniformly susceptible to rust.

h-eotioal use was made of the differences in susce-tlbillty by the

seleetion of a very premising plant of Ladek alfalfa in field plots during

the fall of 1939. It was potted and brought to the greenhouse where it

was subjected to the most severe rust tests. All efforts to produce rust

on the plant failed, henoe, it obviously carries some high form of morpho-

logical r physiological resistance. Pro; agatior.e were made from the

parent stock and these also proved resistant, as would be expected.

Recent tests made throutdi the oooperation of the Agronomy Department have

shown that this rust-rssistant seleotion li'ewlse is highly resistant to

the blaokstem disease caused by Ascoehyta imperfecta. enoe, it seems

highly probable that this selection oarries strong resistance to several

leaf and stem diseases of alfalfa. It, therefore, should be valuable

parental s'ock for alfalfa breeders Interested in disease res'stanoe. If

the resistance oarried by this seleetion could be combined with the good

agronomic qualities of Turkestan, a superior strain of alfalfa oould be

released to the farmers of the western "ississlppi valley.
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The role of the alternate host of t' la organism was also studied. The

telloapores of I'rcoyoes strlatua refused to germinate under any laboratory

oondltion. In the greenhouse a very few lr.feetlons produoed pyonia, b >t

no aeoial infeotion was obtained on the alternate host. Euphorbia oyparlsslas .

Whether ths was due to the methods used, or to seme peculiarities in the

rust or host is not known. It soems very likely, however, that neither the

tellospore nor the alte r.ate host playsan important part in the life cycle

of alfalfa rust in the central part of the United States.

Considerable knowledge concerning the role and length of life of the

urediospore waa oorapiled by means of overwintering and gemination studies,

and also by correspondence with several inveati gators in aid-western states.

This information, in addition to that noted in the previous paragraph,

indioates that the urediospore, alone, is responsible for all rust out-

breaks in this region. Furthermore, all indioations point toward the

faot that urediospores do not overwinter as far north as Kansas, Annual

outbrenka, then, durin..- August and September are no doubt due to the carry-

ing of mist spores northward by prevailing soutWly winds from areas in

Louisiana, Texas, t:ew ::oxioo and Aritona, where the orrenisra oan live

over winter on green alfalfa plants.

Although alfalfa rust is not the most important disease of the orop

today, it often oauses mush more damage than It realised. Any disease

that attaoks and injures suoh a orop as alfalfa, whloh not only has a

great value as a forage orop but as a soil builder as well, deserves

study.
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I epiphytotie* ofter: a; pear in the later part of the eummer or

early fall, just at the tlie the plant needa all the available food

Tnaterlala for *eed formation. It has been noted that the greateet damage

done by the dlaeaae In thia area la nanlfeated In a redaction In the

aeed crop. Heavy ruat ir.feotion on the etena la oonaldared to be mainly

reeporaible for thla reduced aeed yield,

nttaei

1. A general etudy waa made on alfalfa ruat ( I'romycea atrial* fohroet.

)

under laboratory, field and greenhcuee oocdltiona. Faot* oor.oerning the

life hiatory of the or mniam were determined by experinenta, and a teating

program waa developed b; whioh reaiatant atralua of alfalfa oould be

identified.

2, In laboratory experiment* uredioaporea retained their viability

for perlode of eight month* cr more when atored under cool (30-40° F. ),

moderately moiat condition (relative humidity 70-80 percent). Uredio-

aporea overwintered outaide failed to germinate the following epring.

8. Telloaporea of thla ruat in laboratory mount* did not germinate

under any oonditlon*.

4. A method of inoculating exolaed alfalfa leavea in :«tri diahea

waa developed in the laboratory. Thla method waa found to be auffieiently

accurate to determine varietal and apeoiea differenoea in auaoeptibility,

5. In ^reenhouee experlmente a elaple technique waa developed by

whioh ruat infeotion oomparable to that in the field waa obtained. It

eor.aiated of arraying with a aoall fly aprayer the freah ruat inooulum on

potted plante In a molet chamber. Theae plant* remained 48 hour* in the
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moist oharaber. Rust pustule* a soared seven to tan days after Inoculation

and final rust readings were generally taken about thro* wee':s later.

6. arf:ed differences In reeletanoe tc met among varieties and

speoios of i;edieago were observed in the greenhouse. V_. ruthenlca

carried the highest for of resistance. Turkestan and T'airy Fterovian were

the moat susoeptible.

7. "ea-llr..:» on varieties and apeolea ado in tha greenhouse oorrelated

very olosely with those taken In the field ar.d laboratory.

8. A plant aoleotlon of Ladak made In the field exhibited the most

resistance of any strains or varieties of the V_, satlva group. This selec-

tion not only showed hi h resistance to r >«t In greenhouse tests, but

also recently exhibited high resistance to blaokaten disease of alfalfa

oaused by Asooohyta Imperfecta Feck. Cutticgi of thia seleotion have been

released to the alfalfa improvement project of the Kansas Agrloultural

Experiment Station for other disease tests and possible leer-ease.

9. Alfalfa rust jtsm orally appears late In tVe season here at

Manhattan, Often, as in 1940, no danage is done, but oooaslonally, severe

damage is oaused to the seed crop. The latter is especially true when

infeotlons beeore heavy on the stem.
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