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INIRODUCJXOH

Alttumgh vltaiain A is a st^twnee of utmost i^ortance tn.

aoiattl Bata»ltlon» no direct 0vld«no« has hwm pre««i*«d as yi*

Qhewitig that any ane of its four coissoa praoursorat alplia!*'*earo»

t«Mt bata^carotanOf flWMi isaroteaQ» and cryptQKanthin» can ba

cyatliialsad during aniaal mtabolisa* ?ltasln A is not Imoiai

to occur in the plant king^lan* Betft-^arot4Bia gacairaUy is a«^

pSsntifol in plant tissue than the othor potential sourees ^
vitazain A* llhis is fortunatei for its Btoleoular s^ruoture gives

it twice the vitazsin A pot«u$y as is possessed hy the other plant

plfBHits which can serve aa precursors to vitaoin A»

Alfalfa seal is in large doaand as a source of vitaoin A

in nanofactured aniflttl feeds* !rhis is illustrated by the faet

t^t 60 of the 72 alfalfa daiQpdratigQ plants operating la KaaaamB

in 19^ have been established sizioe 1^»^« Considerable e^qperi*

MQtal work has bean dao» to determine the effects of various

ttsvironraental factors upon the increase and preservation of earo*

tine in alfalfa* It has be«i ahoMa also that tOie esount of caro-

tane in alfalfa varies with the genetic BiA:e«up of the plenty bat

the actual aanaar of iahiuritanee has not bean ^tononstrated*

The object ^ this stoOy was to observe the variations In

oarotfBM contttit in alfalfa imder caoditians q£ controlled breed*

ingf aaad to present lapelJainaify inforaation concerning 1^

in which carot4BM contosit in alfalfa is inherited*



mefi^^ or utmasmst

tXttsa (19^) r«port^ that histk>loglcal eBG^Biizia^effi ot

<Mck€n tlsstid has itodleated Vm% Tltmain A timstlans in tli@

notirishBeait ana repair of bo^ intesmal and external apltliallaX

tSMwm of th0 body* EloM^tnii ot aX* (19^) Imve shown that ^^m

iritfflstii A is m>t praMnt to fts»$tlon in raJii7«natloii« nmmtX

apithaXiaX tiasos aooe bo^iGMMi ^nratiniaed (hon^) sM as a

result^ baotoriaX izifoctioQi xsr^pli^iialiBiat and othar syt^tam

appear, which, if not corrected ^ tha addition of vitamin A to

tba raticm, vili oansa tiXtioata diaahlMMBt or d^ith of tha i»i«»

«ai ocmcemad* Vhita scours of oalYoa, anasarca and edani of

oattlet ssid the ioaa of r^^^rodtietiva ability ar« all i&dioatora

iMt a groatar or lessor degroa of vitamin A deficiency*

Hackarott (19^) has shoun t^iat laoistare ocoditions under

i^iioh alfalfa has hBoa grown l^ui a maxkM 9£t&et vi^^m. its earo*

tone content* Plants gr&m in the greaidioaae and in the field

v4th the soil inoisture cositent api^oachlog drought conditiass

vera sipiifieantly hi^er in carotane than those groun in soil

near field laolstaare holding eapaeily* Hoi aXong with oth^ work*

arSf has also shoun that fertUisers in geai^ral do not increase

aax^teoe eontant of alfalfa unless soil fertility is vmey lo»#

Msm and nitrogen applications undoar greoEkhoui^ cc^ditions emmSL

mi increase in total oarotenei but this evidently vas doe to &l

inarease in the leaf*st€ia ratio. Acc<»rding to Uaan and Tysdal

(19^) I l^e leaves cemtain 77*1 poa?cent of the total carotins



di tho alfalfa plant* this fltat^ssent agrft^i la i^ofliral with ttm

fliidiags of Vme^ (19^> ^^lo r^xxpted titmt tli# Imrtm e^Bitainadi

10 to 1^ tisiea as a»ti earotan* a» tlui stasa*

Any faotor which easuMW a chlfliroais of tha plaat laaf wHX

tmtam Ita earot«i« e€nit«it« ScSmsan <193d) found that alfalfa

\ihieh had baan protected from laaf hopper attack hjr dnstlaf Jted

•igBificantly hi^€<r c&rotcffle c<»it«nt at harvc«st ai^ aftm? aavw

asral aoaths* attxrage in a vaztn attie ^uoi alfalfa ziot doatad and

•avaralsr f^^kilmnd W l^af hopp^ attack^ :mis «rida»oa \am »m^
ported hy Sas asd T^adal (19^) who no^A that hadly-irelXotfad

strains of alfalfa contaiatd less earotane th«:i straJUos ^diioh had

mmf^ resistanee to leaf hqpp^ daoase* 3asaer CX^?}» %fQ8ldi^

with turnip greasSf deeidad ^lat exty nutri^it deficisiic^ vhi(^

would eaitsa a ehlorotic eoodition of the leavas voold hava a

detrlsental effect upon t^ earotana cont«it of the plant.

Vti^ raspoot to stage of growtht Haose (193^) has danoostrnk*

tad that srensig alfalfa 10 to 12 loi^^s high has gv«ftt«r vitvtdxi A

poto^y than alfalfa in the bloom stage^ this agreiMi with tt» re-

sults of Bffii ai3d ^in^al iXf*6) lAio found that the nrnt^ mre suaou*

lent alfalfa grow^ was hii^i^ in carotene than the older growth*

©1^ reported ttiat the at«3S of the yooagw laatsopial did not irary

greatly in carotaDS content froa the a^ossa of older ploctts^ htxt

the Xeaves of tho fonaer ware considerably high^ in carotaoa

than ^lose of the latter* Kaaiasa (19^5) f hfiwairar, r^orted that

carotene is cmitinually built tap in the l^nred of the alfalfa

plant until the bldoeing period* M fomul Bore caroteoa Ia 1^
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iMVMi Of oldar plants Vtim, ht dM in yoiaig Bftt«rial aM c<msid-

«red that the loss in total 6arot4Sicdd ecsi^Kit of tlid {^laiit as it

natures was p^obal^ly ^iue to i^m loss of Xeav<is«

BTldence 1ms !>««& pr^Mmtad that t^io oarot«^ content of s«v-

^aX pXanta la uader g«i«tio eontroX* Z»» E^iqih et al« (1^1) f

wmMs^ ^th th9 fftctord H axid r» go^«mliig s«ii^^tlve3^ iib» rtd

«ad TolXoir fIftsh ecOor of tonttdM^ found Umt (Usaiu^t n vas

aoed^^miied b^r h&gU 2jroop«ie cositaat of rod tooatods as wslX as Ijgr

izusraaaas of jraXlov earotanoid pipM&ts* Th&y conoXudad that this

§mm Bight hare a plelotroplc aff@ot o? that a series «r gensft

ooeitroXlliig earotenold eoctteat sight he eXoseily Ufilndl to flesh

eolQst of tomatoes* Kohler, et al* (19^7) obtained yelloir hl|^

heta?-«arotesie toeatoes 1^ ^^kc^osslng seXeetlons troia the €^oi»

^itifflcffe X Fx (^tgers x hrmmiMmMgmjasm^* i* 126^^5) to

eonmrelaX varieties asd decidM that Hhmn vere only a few sajer

factors lavoXvod In ths contpoX of hota«caroti3zie» It appaorod to

tiwse attth(«p« that l>etft«Qaroteas was produced at the expense of

lycopaae since these deep'-orangOy iilgh heta<M6arot4Sie segregates

did not haTo a higher total oarot^old oontent than the red| :Um

beta"-oarots»e parent

«

The reXatlonshlp hetnaaii the gea^tle aalce^tip of eom and Its

vltaiala A and carotene oesitant has been the objeetlre of sersmiX

Investigators* She earliest work reported is that of ateenbo^

sad Soa^eXX (X^O) uho found that the deep yeXXoir seeds m •«»

segregating for vhlte and ^XXov eaadosperm veare higher In vitirain



4 tbta. A nixture of tho ^hlto asul paU yeHow soads* ^iltt »»»

dlUoQ \mM m&m^mMmt»l %gr Biii^ aeid txost iV^l mod hy llKBgt

(1930) \^bo report«4 that ^itgr <^uM find this fat"iioaii^&3Le seib-

iHtase^ ctO}' lA tbose corn kaxxu^ vl^ y^Ulov fiBii6M[p«t% «ras3 i^«»

batda vhit« aiid tsUov }tesesmls vere produced o& tli# ttmm ^tr* Xft

d& article i^ittillAhficl la 1930^ these seae authcH^s oime to tlie eon*

cltuilcfti titftt thd vitftiiiii A activity oC yeXlcar deat ecffs lifte con*

trolled by tiie ai^ factors iMc^ pite r^^tlow csBdiM^evn* Hhdi;!^-

dorf aad Frajjs C193D atjp|K>rtod taiia ccoelusioa whan they oljtairied

evMeneo that the WKfBDt ot vltarola 4 in the com keniel tmM dl^

rectly related to the awlMi' of t genui $i*«Miit for yellov e»di>»

spem «i^r^sl<8u may mii^eeted a c^ioffiieal r«eeti<in «^ch riight

tusfm ttSsm piece bi^iwi tteM fenes aM sc^^e snbstfiss^ in the

eadNM^^Ms of idbdLte-eod yellov eorn. Xhey iooad vhite com to he

^ory loif la vitaialn k activity, bat ae factors for yellow eoio*

aperfi wK'e Introdoeed, ea^ g^e iaSa«ed t^ immttSxm of api»r«»El»

siatoly 2»^ vsil^ of vlt^Bla A per graia of seed^ IziiUeftting the

fact ti}at the carot«EK>ld plgBMBta might he intermediate prodsmta

«f the reaction, R^adoXf md fSaiaa (1933, 1$^) <^taiaed alHllar

Teialts* !Zhay fo^ind that t;yi>aa dcmblli^ the chtimoaamt vmSbve of

diploid cora, ^wre %«w a ^0 peraent la0r«»e la total carote-

2K4d ocatact acooeepanled hy a faroportlooate increase la vitaEla A
activity* this, aloag with an iaer^tse la cell voIbbiq of 3«6

tiaee «rer that of the diploid plants, resalted in a fiv&-roXd

iaereasa in the aaoBeat of carot@sie per cell* ^a acau^EULatloa
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ttffeot vfts noted follcfwlng cixrosraBOM doubUog, with a«^ f«i«

p7«Mnt for yeUotf «ndo8p«ni «aqp(r«S8loa b«22ig M^SBSlblo fca*

tbe foTBiation of 2«5 tia0a sxra earotena timi in tho dlploSKi o^Ll«y

mrni tl2ough the taniitr oC g«i»tt per tsiit volxtBe urns gre&t«r in tlM

dipXoid than ia tlM» tetrsg^loid cells, ^olmsin and HlXlor (X939)

r^portad cimilar xmim, effects and also o«n» to tbe eonelnslaa

tbfct the carot«» ocmt^it of the foliage of the com plant wtm

indapiBitent of the factors TmpeB^bln far that of the com knmelt

since no significant correlati<»i ira^HMn tiw two vas noted*

Stttdias carried on with carrots Ixy JBMfvell«^« et al« (1935)

hsve a^aamk that In Inlnred Unss earotecie «K8itflctt b«eaMS wore imi«-

fora* 7has« tttthosrs eoMMsred that they had obtalaed M«MKat«i

vhlch would be useful in hreadiog hli^^ \mlform cttrotans content

into can&erclal imrletlaSf

Several voskmn hinr« shoui dtttlnitely that exp^Aimm eoBtflBt

in alfalfa is controlled lir hsritsOsle factors* Him ain& S^sdal.

(19M-6} Qibtained sti^lns and hylnrids \yhlelk taMQr eoBtidarod to dif*

f«r inherently in carotvtie contonti since the variations shawB bgr

the progeny vara consistent nhan faatoaps datidSttB^tl to carotsBS

c<mt<sit vera held mdsor control* fh^ fowKl high leaf psreflslafa

to ha an indicator of high earotenoid contsBt in g«Mr«l« thsgr

thoQght also that hl^ earotofne mi^t he assoolated with dsric

sracBi leaf color. Sa^cerott (19^6) foisui diffarwMMa in total

earotenoid content hetwesB strains and clones of alfalfa and db^

tained a significant c<»rrelation heti^een the carotena eontant of

poJyeross pro^ny and the carotene content of their aatemaX pae^
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eats. He decided that tiiQ«e diffeopsriofts could iiot !>e attrltjated

conaetely to dlfferasce JUa pffiNMe^ss«s of leavos between plants,

Imt was at least partially dn« to variation la coi»eatrati<m t£

earoteeie in th© plant tissiiQ, Ho coaicluded tiiat carotene «<mt©nt

in alfalfa is gytdgntly inherited and titat ^3m polycross M^iod ««

used in alfalfa treading is a satisfactory qd» by liiiich tiMi alxtl^

Ity oi clfmes to taran^iit tKodr genetic factors for Mgh earototui

content isigiit h9 det^i^dned*

A3X alfalfa pluits ti^ed in tM3 vo^lt liad» as ^leir origin,

tiM original stock of Kansas Ccmsssi alfalfa seed frois i^iich tlie

seloctloi «as medm imic^ resulted in miffalo alfalfa* Shis stuaar

was begtm vith 9 srmt^ of plsn^ of the following parentag«t

p^ the selfed progeny of K3<V3t K30-5, K30-21 (C~91), 530-55

CC-95>t E30-58 CC-964 K3CMS3 <C-97>i 100-6^^ (C-98), <2) the fl

populations of tho cross 10021 x K30-?i? and its reciprocal*^

^QMwe plants wwe selected for s^;idy cm. t^ basis of observations

wm^ by Sackerott (19^) • flw cr68S«>s were sade t^ Albert Davis

& stands for Kansas solecticsi* Ttm first digit (3) ropre*
sents the yead:' IS^rB In wliich tlm solection \fas snda, 'while me
Mcond digit (0) indicat^i t^tiis 3electi<m vas aatsrial nevl^r Sa»
troduced into the broadljig pro^p^m. and of tcxfaKMn potentialities*
ISm Isst mo&>^ r^sresczits a certain smlectlcai as listed la tte
penuffisst record boolc* Tho '*C** niss^er is th@ ofTiclal dosl^jEM*
tion assigned t»r t^c Piv« of Foam^ Crops ^^ Diseases, B«P«I«,
S* and &«B» Method of desigoating alfalfa plaits follows tixe sue*
gestion of Sswelly It* C« and tymal, H* R* Btiad^^ing «3id aot#»
taking i^sterns for xise in tho isEarovasicsnits of forage crops > Aaestm
Soe, Agi*on» Jour* 37t736-!^» ig*f5«
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In tho greetihouse in 1$V3.^ Wit^i tl» flocoeptioa of K30-3 aa4

K30-5» these plants ar« ali a part of the alfalfa brooding pro-

gram carri^ on at the Kaitsaa A«rieuitural iirqjoriBent Station la

0OO|>©raUon vriUi th® Division of ?or««« Crops asid Diseases | Bartwi

or Plant IndustryI Soil* and Agrleultairal Saginoeriag, 0. S# 0» A«

Future reference v/lU 1)© made to ths psr^ital plants us@d la tMa

«3eperlEiont using only t&e selection isufiber*

fhe progsolts q£ tkuMQ plants were started in flats in the

grse&hoiase aaid transferred to the field in April, 1^, Plantjbjg

vas done at random in 36-'inc2i rows witli plants IS Inohes apart in

n unif<»mly smxvlif Xo&n soil* §ai ovez^und i^ixdcUng aystea vm

installod in ord«r to aailnt&in an optissm and unifona moisture

Qontent of t^ie soil thsra^tghQcit ^b& Sttsson* ThQ plot was fffirti-

Used with 10-SCK) appliod at the rate of 300 p&m^ per aeroi and

iprayed at r^^juler intervals witli a suapansion of 50 paro^at wet*

table DD7 in water ^ otubt to ^sm^ Xh& population of If^af hopper

tSaitfillifl XdlMtt ^^%^) And other follage-dai^eing insets at a

aJMnsB* Tliree outtdngs uare taken viurixtg the growing eeeeeo*

At ^^ ti^a of the seeond and third cuttdngsi notes vers tek«a en

leaf color, hlossoa color > disease, leaf retcntloii| stage of aatij*

rity and leaflness,

C#iPot8ne aaalysls was laade v^ '^a laetlKKi of Zlitehall muu.

King (19**^). Irauodlatoly after eutting| the saEvles wore trans*

ferrad t5» %ti9 labwatory vh^e thsy were blanched in an autoclave

2
^A t&emm? fr«luate sttidmt of lenses State College now lo*

eatecJ at the llteiTsrslty of Ark^nzsiSf Payettcviile, ArJcansas»
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for 10 ndjmtos nt 10 pmmds prcssuro la order to lnacti7at« t2sei

mssya» systma. PMrpcnslble for th« deattructlosi of carotona in

wiXtod alfalfa* After blfflicMng^ ttte saioplas ver« dried In a oir*

oiaating hot air oven at 65** F« for a period of fofor to fiv« Iwwrs*

Tb« plant material was ground in a V?lley ralll to pass throaffh a

20<«M^ screen, thorou^ily ialz«d and sas^Iad* Thess g<a;paffli wore

stored in psyp«BP aerrali^es at -20** C» to provait carotene loss due

to a^iosphorio oxidation xintil carotesKi analytic vkb carried otit*

This analyslc cosisistod of the QKtractian of a one gnua saa^le of

t^ dri«d plant izsategrial oveznight in a solution of ens part ao»*

too* to tiifo parts Skellysolvd B« Thft earot^^es wore s^aratAd

frosa the other plant pigc^nta usin^ an absorption colxBBn consist^

Ing of tw'o parts ffytlo^QvLpesccQl and cat part wmffusalim oxlddt &Dd

¥cro elttted froia tha coluim 1^ t^ addition of a four to fivo per*

eent solution of acetone in Skellysolv^ B« Xhe various carotana

f^actiona were not separated. Coloi- density awasuraaBnts \f&Te

obtainad by use of a jaalnaan quartz spectrophotoaatar* Th0tt% vara

converted and are reported as milligrams of carotene per XOO gnat

of dry laattar*

Statistical tests vere made to detor&ine the variation ^j^^a^

eat both betveesi plant grcru|^« and aisong the plants of any single

group. Only one caroteno sas^le \mM oollect€id from each plant

par cutting} the variatlcm .:ithin a (jwylftd line could not be de-

termined vl.th accuracy as the diffeirent aaa^pllng datM could not
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)>Q 8^dd to cimstltute X

Aa IwiKKPtaiit 3<Rirce of -rariation \ms that attrllmtable to

^iXt&rmcm In tlia Bta^e of imtiirlty oT Uid iteats at thQ time of

baxrest^ partic\iXarly in tlio third cutting* Fi£ur@s X asd 2 ?4^

result thd ?^r«isio» of c&rote&e otmtent cei stage of rmtoritsr

for toe entire pt^'aXatioa of plants* &«£resaion codfficionts of

«X«1000t »3^XK), and -i»:.295 w«r3 caid-iXatod for tho first, seccsodi

find third eattinfis^ n»>p8Ctlv@2y« HH^t for tlic first cutting ap**

proached significance at the ^H^oroctnt IsvoX while *1*3298 fom&

foa* the third cutting was si^nificasrit at ^20 l«^pem«nt l6V&U

Saia@ plants v«r« lost &ft«e? the first aod sdoosad euttingi m
a rdsiilt of lack of vigor § tha»» c^otsna iralues for all plants of

eaa&i gpcup vore not obtalnssd for all <mtting«« IHhm s^lfod prc^»

miiMt of plants 3 mi^L ^3 ;o fW;)lf » trc^i tJiat sio att^aa^t was iaad«

to Bsake iiKlividoal analyse© of the&a g3P&\:^s* (toli' thr^s ladivid-

itala var& availabla from plant 6^ nt the bagiiming otf t^ ax^^&tl'^

amti th@rQfor«f this groiip m^ al^o oiaitt«d f^roa th«a« caloula^

tions«

AA onl^r (me roading por cutting was available fop eaoh plants

analyais of varianco on the baeia of total oarotone prodiiced dur-

ing the season vaa calculated, elialaating thc^e plants from con*

sideratiw^i or which three readiagt vero not obtai^i^u.* 2abi« X

presents th»3 reaiults obtained froja tlieee eaS^^fiOatiojis* Che ssm%

ontstnnding sofUii^Be of variati<m in carotene eont^sit at mtdh plant

group vras t^mt attribut»bXo to diiiereo8«c oo^irean cuttings. In

each case, a highly eignlficiait calculated F value was obtained*
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This a«r«ea with the rdanXts of lko!?»rott (19^) v3v> fdoat WM
carotonQ ccaitoat of alfalfa is f;'^:t^'.' -ii- ^^ ''^a-t ?n the spr-f.^ ^aft

oarly f,ijni:ii>r, and in tho fall| tlian it ia iii raidamiiiscsr* Tao mmm
of tho plant ptpoiiji?! used In thlfi ^vjorlnont . on wie Ixuiis

of ano cutting v.c.u i on J\mo 6| J\ily 12, and Augiist 2'>5 indi*^t»

that, on tho ax^ , the gr^te*;* aao'ont of cai^otona \ma foiuid In

the plmt a© '. oollc'oted in tiio Aiin-tst ciittlns, and t2ie legist

-lu uiu July cuLuioig (Flg» 3)* Jfc>tstui'C' :;ontailt oT iua soil WaS

kopt aa vaxitixpsi aa pos3l"blc : •Qie coiurse of trteso studios

|

thaff^fopo, *t Is dariTitf-j*! thnt .5'ffr?T»nrif.eg in oerotco'ie co(B«»

tevit Ci\a bQ attributea to a vai^^'iJag saolfitui'a sy^K^'*

Data praaentnd in Tf^l^lo 1 .ihop.? tJiat thero v&s no si^raiTtcUBt

dlffsraaw w!T«nT* *he plants of the self^d proganie^ -^ .lanta 5,

55^ asict 58J aii.i t^ hjrbrld profwiy of thd cross 55 x 21, An F

valtt« of 1*83 vas ca: ad for the lattor grotQ) wit^ F « 1.90

f«©quir®a f-^-* rl^nlflcsincv-- .,« v.*..^ ^^^^-i-pcont X^fVt?!* ;aialysii, '^i

tha data colloctod foy tlia 3©lf®d progesy of plant 21 coid tho PI

ffflocratlon of tiio oross 21 x 55 li- :-'3C tliat tliorc W8P« hiij^Oy

significant dlffarances affloa:
'' • plants In dach or t'less two

poptiiatl<»i3,

Tablo 2 id«5»fs ttiat tha solfsd proreny cf plasst ^r nrmtaimsS.

lndivi(5usXs i/lta tac highaat carot^io content, Plajit l^i-/ c.u;c1

plant 53 haa 3:01,5 and 100.5 tailli af total c iia res^iec-

tlToly and ware t!ic lil-host Irdlvlduala pyoducod in oxty populatlaft

u^or study* ": ./, ^, Uie hybrids of tlie two croasas 21 x 55

and 55 x 21, and tho s«lfed progeny of pl«it 55 prodacod no iadl»
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Fig. 3. Mean carotene content of the progeny of three inbred lines and
two hybrid populations for each cutting date.
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' o»ce|)tioaaally hlf^ in total cnrot«n« ctmtcnt,.

the "b^st t^ntlr,?-"' '^*?, 8H-»*f. an<S . illl-i'afrffis of total ea!rot«»|

resirsctiVi ">r- tli© Z^^:. . :'jusii"s; /'? vas the b«ct fraa t»«

selTed i^ro^sny of plant !:", ' "^ r: total of *?9»1 Kllllc*ana ^
carot^K^ - 'r».-./tr!<*«r^ fn 1Ja?ep n^tr^fr^r?* 'rhlle ^6 plant with tJw

Mn-host earottiae frcin the sslTed i^rogcngr of i^X^snt 5 was plant 13

tidth 72j>6 jni; -38 of carotcns*

Th© nsijii total c<Arot3Ke pro<*t»cd per -^^ ».-—*' ^'-•- «ac^4 gp--^-'

pr • '^ad Sn Tabic ? T!:.- salfad x^rogenj from 58 ihowed t4i»

K: _ . wiQ&n. <77A3 : ^Tans), failed*'^ closjsly 1^ tSio 21 ^nrap

vlth a Bos-^ '^ ""^.(^ sUllgraBC -^ -^j?otene* ISiq sslfed progtBy

of plant 55 "^^as third !i' '

. a ts^m total of 75*09 rdlll-

grsiis* •Kis n^sn fastal carot^snu per plant r^«5*Me*l T3^ ths Ij^rta^

pro^caiias oT thQ fcj-o crocr 73*^7 aiii /3«S1 ryfltlgrfaaa for

55 s 21 and 21 s 55t rospectivolj* The p?^ ' as from
. f

wsMpe t?3j6 Icp/QSt of th-s r-ntrps steidlecf, ri^rryslclng aK i^far^g* total

oarotcRis contssit erf? 6c»»ij ieH' lg*

Table 3 sheets the total oarot®i3 : id fjy tJ» e

indlvlrl\Kil plants arr-; -al In t^is oruo* of tiielr ranfe* A dlffsp-

«k;o of V-»62 a^ ocf crxrot«io at the 5-P«2^c<mt level and 6»22 !^«

at tiia l-i>eTc<mt lovr'' *-" Tsguli-ed for slgnlflcanc^i la t^ inlafid

population. For the sratip of Fl»s, th© dlff€»rera» l»tW'©«a plants

r0.iTiir<»d for sl.^iflc2nsQ is 3*07 :sst at the 5"-r'??!*cp^t l^srol ^laS

V*22 ic" -^"^ car.. :.-.;..j ^t; the l-pcrc®it levol. ""'
... . i;iui«*t»

that tha plants of th€iS9 t»o strains differ si;snlficant3jr f^roe
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saot^tsr in the total emeoUem prodttced in iixem cuttings*

ei» e<Nrrelatloti iM^tnesn euttings in r«gn4 to eonstaa^ of

t«nk Is soeeMxive cuttings i«u ealculated (Table ^-)« ma s^f«A

progiaa:^ of plant 55 and t^w ligflriil poimlationa fro* Um rocipro-

Gftl crosses 21 x 55 and 55 x 21 i^ewwl slgniflesant correlatioB

lwta«9flii th0 first «id ^Ird, ths first aad ««eoiid^ oMft titm seeooA

«»d third eattingSf rospeetlTely* Sm» first and sacond cuttings

of the cross 21 x 55 i^wwsd highly significant cOTrelaticai whiO^

t^ otiMar t&^ co(a{»srlsaaSf first vs« seccasd 3i¥i scwcaui vs« tliird»

elosoly approachod significancd at the 5-p«era«cit Isvsl* 12i»

sdlfsd papogeny c»r plant 21 al»M«d significant correlsti<»i asong

sU three cuttings y exeeoding tk^ l«|>sftMnt level of significance

vlMn ^b» sscood «id third cuttirigs %isrs eoe^arod, Xans of ttis

pro§«^ prodwod lay sslfing plants 5 or 58 pemmmâ sisnifi<a»t

carrelati<Hi fr<»a cutting to cutting* ts3>le 2 i^iows the carotsot

contoat of ths plants us^ in the a!bovs ealculatlaQs asA tli«ir

S«HiE in each cutting*

A stt«3y C3^ ths extrcHSd of variati<»z in individnal cuttings of

tbfr Tarious groins vkusfmA that eaqparabls diffranees \/or« pMt*

snt vhich did not slwyr i^ in tho analysis of veriancs caleulatioos*

tt» t^st that Vbmm diffarssices were in &cs3Q casos combinsft ttt tbt

totals to fons significant variation mieE«st«d that at least two

sourcos of variation wnrs iar«s«nt* Qenotic sogragation in aAdl9»

tioai to snvirttnsMntal variation woiild iqpparontly naod to bo pras*

«nt in ordar xo a/Mtoont for thass diff«rasit diigpMS of signifi-

cance*
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taJale h. Correlation bstwoan cuttings In four inbrdd lines

c^- - Ixybrid poyulations of alfalfa•
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1

cmtting J
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t s
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X TS 2 -.21«3

55 i vs 3 7 • Ai;* •666 *m
»«lfed 2 TS 3 *01>

21
1 TC 2
lira 3 2i* :Si: .383 .w*
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1-rs 2

.712«*

,391**
21x!;5
(Fl>

1 V3 3 7 •1^^ •666 •/9a
2 vc 3 *62j

:i V6 2 .086
55x21
CFl)

1 vs 3 17 059 M(> •575
2 vs 3 .512*

1 vs 2 aio
58 1 VS 3 26 a69 .3/^ •^78

seir«d 2 vs 3

1 va 2

«093

-,203
? 1 VS 3 3 -a»^ •8/8 •959

mlfad 2 VB 3 .»^7

i '

5able 7.5, plV>.
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Si|,aiifioant
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Ixi <xe^9^ ^ obtain an iiidiioatlem 0(f iSm di£t&t&[^mi in cai^D-

t«i^ ««a!rli8»t «dlstl2^ he^ammi wn& mfsmg ^^^ plant groups txs«d in

1M,s flSK^periae&ty aimiysis of the groi^ ^ta <m the basis of i^»i«

ra^ eattlngs vw carri^ oa^ Slgolfid^st dittm^tsmmi Ih^imwi

grmips ware fcomd cml^f in t^ss first cuttii:t^* faille 5 slioi^ tiao

F valiies ealeuiataa sad l^iose '^v-^eamaiy fear si|5Qifi«»iiee at the

X and 5<-pore^:ft lavi^la* AUoidlng for vsryijtm s^e^l^ sl^e (fi^sla 2^^

diffm^effic^s betwe«i e^^ois in t^ first ctittii^ «^ 1#^*«2.6 is tmem**

sary for si©[iificaaicre at the ^-peresaaat ie^r©!, idtiHa X*6«<2«6 is r»»

qalrsd at the 1-percont leval* Figiir« 3 shoi» tliftt vid^r diff<af*»

ansas wapa encoimtared batnaim tlia ®oai^ <^ the third euttiag th«a

at ISm first; tliis e^etmtejt vtxiaticHi ^ras ncnslggQlfleant bapfsrtaa of

^30 graater error tera oaXeuIated for tha third cutting* Aecoani-

ixm to thasa data^ ^»i irariatlcm ]gmms^ 9mms t3tie p3.a3t9 t^ a

gliNMi groip in<!rQas@d in simeessi^a cutting and tha ^Sttesmmm

a^MBnred in the first cutting b^w^ the atralBS used in tMs ^£«

p^ris^t dlss^lMiared ia 1^ saeoBft ar^a tMM auttissa* IQsis i»»

cr^sa in variability within grcn^^ ins stadled W coa^arljag the

wsTot mrlaa&ae taanaa calculate for i^Hsh autting* t&srwtses in

ir^riatiQacx in the ^ird^ mtttine 0Tm ti^t fcsatkl in bot^ ^la sa«;»3a:i&

asai third cuttings wfflpa highly si^iifleant, Varlaticai ^&s not sig-

nifl&fiost (P « .aS) %«lifa«ii t2)8 tl^fw^ $eaA tm^emA etittiaga,

Hsst a^ Tra&mL (3.9^) ^^seatad that alfalfa plants %il^ dar&

gyten foliana sight h9 higher in caroti^ne conUm.t tham. thoam of a

l«ss lat«nj« fpmm color. Ilstw naspa ti^Ean an iiMwaaity of gtBm^

mma of ^:^ plants aader obsmrva.tS.<m for i:^ ^csid and tMrd cut-
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tlm^ Five (44UErsa8 %meB 8@t vi^f Qlm» Ri»* X h@ii^ iranpCHMt of

plants of vaary dsofc s^^ocai foliage and the oth«p foap clad^ of

pliBXta of siKsceftslTelsr XightMo* gnson color*

t$3iA» 6 iifaQWs tho correlatia:! eo^fficlents calculated fcsr

Issdividml euttifigA of a«^ pXmt graap« All vt»B at^fttive vi^

the sxe^tiosrx of that c^cul&to^:! for tha tliird cutting of plKkt

55t All coefficients obtaliiod ifsre ncatsignlfleant. Sovwi^i these

results l23(lie&ttt& tb8.t there i«its % tr^^d fcsr plants of ttm llght«r

abtt4^ of s^f^mi to poaim^ t/tm emfoi^mm ^mm i3» darl: s:tom.

plants* Corr@Iatioii bct^'eon color eM earot«n« contant vms ealeu-

Ifttad pooling data for all plants vts^A In the exp^rixseEit^ A exm-

relation coefficl^it of •21Ct sigsaifleant at the ^'-pes^emit levAl

•mM oalculs^^d for the MMB& cuttiziei tliftt obtadboed for the ^xird

cutting vae «»133t and vsm aonei®rdfic«nt (Figft* ^^ and ^)* fide

indicmted that eil^iKr of these t^o eoeffleieats could have beifi

ol>^iined as & m&tt«* of ohimee«

t% Wtts det^nKtaed hy analysis of tbs data collected in this

mspwimmt th&t all alfalfa plants do not vsiy eonsistently in

their carotene eceteiit Tram, am cutting to tau> next* Stioreforei

It wys deeided to re^aelyse the d&ta collected W Wm^aspott (1^>
twmt 13 alfalfa clofmi and their polysross progeny to dslejBBine if

BixA^MOP ariati'Kui vore present in his s^3died«

Sables 7 and 8 give tim results of those analyses* Cozrela*^

tioR coofficionts calculatod for aU possible cossg^arisons of the

sittings of e«^ grG^ nltmt tiiat in m3^ tW9 ^taee ym$ % sii&ifi»

<MBit correlation fo«nd: botwoen the 6A1A5 and 7A3/f? cutting
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dates of tiM 13 pavmital cXones, md th© 2/26A5 and 6/:>A5 cu1>

tins dat«s of tiioir polyeross progeny It is sit*nlfl<fd»t to not©

tiiat sanplaa tsdzm. only two days apart^ 2/26A5'' and 2/28/45, did

not show correlated caroteiie vaXiaas. Both gotu of gatiples wera

tafeffls frws rows of ^ seedlings of tii© 1^, i^.iycross prog«niM undttr

study growing in tlia gretiihouso bacterial wilt teeting b^« Fresh

material uo^ U3«d in carotene analysis of the sa-aplea takeaa cai

thse© two dates, HhQ lack of opsi*olation aight l^ fetwiuttt«d

largely to BaE!}>ling error as it is exty®aely difficult to obtain ft

hOBiC^tsiSdeiCts saEiple from plant jaatori.^J. %;hiQh lia« not baon driod

end gr<mKi*

mmk tlxoueli signiflcr.rt corrolation was not cwisistently

foiaidf «ioagh correlation was nra»«nt to b« coijUiined in tho totals

to aihow significant differon c,uy znc^v : ivlie groups b«txig teftcct. It

M«» 0Vid«nt that alWioag}! carotene content of alfalfa is iil^^hly

»at>3©ct to variability produced by variona agencies, $mM%%i$ dlf-

f«W(f»0a exist \;Ixich csaae sii;iiiricant dlfforenc«a to appear b©«

^mm groups of different parontari©.

Oarot«na aontant of tio ^sirtaiiUui plarits vmed wtM dctersiiied

Igr Ha<5koratt (19^*6). Pla:at3 !;?, 5S, ai^i 63 vera lost aftw t!i$

first cuttinj^. Correlation calculstiotia wei*e narriad out to d»-

t#rBiine if ths carotene eoatcait of T^:m |.,arsiit4± plant «« obtained

l?y Hackerott (19':-6) showed significaiit relationsMps wltli the

first cutting Talufis obtained ±n 19^^ fr<xa tlis same; is, and

vith tha first cutting smmas qx th» diOfod pro^Biy. M aignifl-

cant corrolatlon wa^ found, ...wiiaignii'leant aesooiatigais wera also
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Table 7* Cosrrolatiosi bettf&cn t^ carot<»i« e<»itont on
Ciftmr&it cutting dates of 13 pwontal oIodas
afeidled 1r/ Hackepott il^),*

> II. ii»lilWliW.ill»l.iilli.liiw.>l'»».^..71^i^i..'»l-.Wn»*W>«l<'»y.1jW»»«-^»--'>«' .i) .,i|.w.. t.B .|IJ ,f,.»gg^
t

CuttiJig datoa ct^^^arod t Cofrelatlon eorfflclont
t

« " 9/^?M' .SO?
» « 6/iiAb' .532
" " 7A3A5 .^
" •" 9/1BA5 •-•ITO

9/19A^ •* 9/27M .3*^1
« " 6/llA? .131
" *' 7/13A5 .317
» •» 9/l^A5 -.177

9/27A^»'
»• 6/X1A5' .5"^^!
" 7/13A5 2^^9

6/11A5 •* 7A3A5 •6b'S»<'
» •* 9/2.^A5 .W

7A3A5 " 9/18A5 •»*?^

?5'3 T^Tiir^ tor slgiijjPicanco at tiie jj^epcont igrel ar.d .6^
at tfee l-pere»it l37el«
^^Ignifleant «t tha 5«pairoant level*

Table 8, Coxralatioci bew^en tlie carotene coat&iit en
dlffarant mittlisg datea of tiia polycpcsa
progacQr of the 13 parental clone$ studio by
BlSirott iVMlm*

!a°'.'fy ftf!t g.^,'. ra'.a j.ja'ar'8'.'iiigi.',T^i mb ra'Bi'rT'.mAi;jiJ

Cuttiiig dates Ga6q;»arad $ CorA^oX&tloai ooefficlcxit

2/26A5 vs 2/28A5 •M^
" 6/5Ai ,320

•» « 8/20A& ,316
« » 10/3A5 ,093

2/28A5 " 6/5A5 .^aa**
-« « S/20A5 Mc

»• 10/1A5 •171
6/5/i^5 « S/20A5 .155
^ •' ^

" 10/I/J.5 .097
8/20A5 * 10AA5 *.i|.55

"^.^3 pequirod' for significance at tho J-porcent level and #6^
at the l-percont level.
**Slsnifleant at the 5«p0rcent level.
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imtA t^Mm ewotcet® c<mtent of th# p«r@ntaX plants for V^q first

two y«ar8« 1^ and 19^, w«p« c<«^ar9d with tlia first cutting

iseans of tibeir 8«lfed proforilcis^

DXSCUSSXOS

Xt vaa found l>y analyala of vsriance of o«?ot«Et« content «f

the ioxa: inbred liases froa plant* 5, 21, ?5f ar^ 58 that Beamara-

tile diffe^aaeee is the aEJoimt of variation shoim ^dsted* The vari**

atl<»i present in the selfed progeniea of plants 5, 55f «Jd $S was

found to be nonsignificant, &vm. though vrlde differenewi t«B»e pres-

ent in the various cuttings of ea^ of these $lant gyonps* SijKl,«>

ler variati<»i existed in the separate cnttings of the solfed prc^-

m^ of plant 21| however, these difference were eoQblned in the

totals to form sl^ilfIcjont variaticai wiian the data were analysed*

This difference in algnlficanee of variatioo in t!ie selfed progsjgr

of plant 21 apparently^ tmat be doe to erases other than those found

in th© other tlapee groins ^ assusdng tij&t emrlrtaja^atal influence on

all four gro^s vas the s«Be« 'Bd.B could be est^^lained hsr asflRBaliig

heterozsrgosi^ of plant 21 for iim factors present for csifotene

e<mtent «]q;>re8dlaa and a relative degree of hoir^zygosit^ for these

I^B:ies in the other thr^^ populations* Xt vas observed in Table 2

that the tiro plants of hii^Mst carotme ctmtent V4»>e mmS>m^ ot

the 21 selfed populdti<m« This cmild be 6xl9 to »^sar«gation in

plant ai« Tiw V8adati<m present In t!ie selfed ijgtagiiiy of plant 58|

althoo^ zumsignificant|» approached such at the ^^t^temtt level*

WL0i Ijidividuals were produced in this population also, TlnSf it
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that pXwit ^8 could possasa a dagroo of het«paqrso»lty son**

vhat leae prononnsHid taian that present in plaDt 21,

In reciprocal crosses, it U mspmto^ that variation within

V3» tbfo Jiybrid groups vlll be appJ^o^ciimtely the aaaa if <ml^ g«iic

diff^rancaa 9X9 involrad* Tarn calculated F vnlxm for vlthia i^raa^

diffdreno^s in tbe oross 7? x Ul uas otmaignifleant wUile wtmv

prcs^it in th« hybrids whose fasmle parent waa plant 21 (21 x !?5)

urns found to b© highly slgnlficanU It Is logical to aasisaa that

mi aidditi<»ml cause of variAtion is present in tri* latter crosa

which do«« not exist in its reciprocal cross 55 ^ 21« tli& dlf-

fer<mees vhioh were obtained in the selfed progeny of pltmt Zk

and in tho hybrid progeny of v/hich 21 was the f^iale parent, xaight

be «cplalned tgr aesruning a cytc^ljussle lnflu@^ice as \iell at geole

differences ecaMj^ing to produce a variable population espreaaloii

of carotene contoit*

the results of correlation stadias imSA aufipoji' t tliese conelu-

alcais. It was r<^)orted tiiat coa^lete corroiatlon in carotcme cc«-

tent from one cutting to the next vta found only in tte ai^Lfed

progeny of plant ?1* Hl?jhly algnifleant correlation vaa pr^Mnt

betireen the first and second cuttings of the cross 21 x 55f vWk

oorrelatl<Hi smmg the first and third moA ummA and third cut-

tings approaching sipilflean^a at the 5'^»are@it level (Table h)»

fba aelfed progeny of plant 55 and hybrids wMeh had this plant

as th&ije fcisale parent shoifed sl4gniricant correlatli^i between the

first and third and tlie second and third cuttings respectively,

witii other coB^)a3PlSQtui in both groups falling veil below slgnifl-^
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oanco at tho 5-*P©2»aont iaval, Corroiatioa in the aeUXoci pvosm^

.. 1-v-^t. '^j rjo-^i b© e.:::.Tr''7^^vt ir.r ^^,g assiuaed hotapiMBygcms nature,

bui tiia aixAQi'oiiOQS prusaiit - - o rsaiprocal crosses of

plant 51 and pl;uit 5? oan •'Tiitlj'- bo intorp^rotad oiily 13(7 In-

troduetlcci of son© caus. >^. ...*..^iion transnlsslblo onl>' tlirou^

thg Tenala parent.

Analysis of the data ob aatad tliat a alfr^tficjmt

assoQJlatlcm <21d not o:ci'-t In "l n^s usoi 1;^ t::ii3 «s.3ijr^_iuui;

bCiti/Qcn darl: ccro^m leaf oolor and cci*ot«cio cjocitcnt, Ati/ood c* t-1

Gyim C19*^5), In ^i roviaw ;" t'lo lltorntrtira conQor^ind \7ith „._,-

nenta In the /. -tics of alTalfaj rouortc^ fctau Jciu'oc}: i'cAind tJat

tntsnalty at i- .m colofr ..r- alfalfa leav^es to bo canti*-:jlle4i, by a

Aix^lo E»4or tactor* Libi.'^-«l tnror.r.i,::ion sugf&st that the total

«WMnt of carotena In tho ali'alfa plajit laigat lv2 coaitroll^ Iqr

g^nic factca?.-. Tl\e r«milts ol tlds work Indicate that cjrtopla*^

"-^y^ 4-f^^ojico night al&^ ^.-r -.-^scat in some oases. 1£ lat«n6ltgr

of tive^m. color In oJLfnlfa follaa;© Is- controllod by csno do;

factor, it sGons unlikely that there wcnjlct bo sn psBocls-tion of

color ,i.... carotene coixtont unless i>u;^u' ui" • .^ .;,c:uoc.'s ior caro-

tana content oxprftsslon voro llri3i®tl v/ltli tlie c.-olor factor* Tlia

results obtained indicate tl\at a nonsi-nificant trmtd exlstsd

gre«D color to r^s0«n;.j mor© carotene t: lan the I: L. i^j,

ffs^^ fJ^r^.':. To-'n losf color ihrRil'l no^ *-r. -ijsed r^- —* thrift

vtpon v/hicii rs I. ; ; eiectlcn of alfali'a plants Tor high cta^ow

content.



Tarl&t>lllty \d.thln ttm plant gfeu^s stufeSiM in tMs exr)*^*!-.

msstt IncreasfiA v!?th ctittln'-g. If t'ls vim? I0 taJcen tbftt snfiWS

mixidiy sr^visg jilai-Ui iixc . aptible to onvircajsumtal

riuctiuittcsis than ars octatilsJiad plants^ thai their injics'snt

potentlalitiefi xar csroto:-a m-fxltiction could be jikjto ©^iljr ^st^ileift

than tiioso of ol^sr pl*.nt-a, wii^ lnl'l*asr.c« of GSiVlraEsaeiit c;;;. chTo*

tmm caatfi&t of n,l ftilfa is bo gr^it that dlffcroncds are hidil«ii

^vei «K«ish tlK> plants of the poptilatiett tnnder cc8istd©ratlon cd^t

bo gesietieally differoait ia ic':ard to th« factors tor earot«i^

conteaat sxpressiaa. For tliis recscai, in carder tlmt an aeeurat*

sttJdy of the caratcsie cont^it of alfalfR taay be Ka«d% only plcnts

%iliich have "bomi established for c year or laoro should be usod,

tt is suggested tliat tSicse nlnn-ts rd.'Tht bo set cnit in clonal

lines* Kils 'vroiild or::,';lc the «spcarisB«ntsr to toloe lanll^ple sasc

pl^ eaoh feLflse Uio plants v«re ciit. Only one ::ar:"l# per cutting

was obtainable in this tsrpw^tnmit* 3tatisti^l reoolts weape iAam

wuHsmx^f as different seir-^ling dates %?ds« not considered to be

replications.

Han and Tysdal (19M>) found that about 77»1 psreont of tS»

o©rot«ie of th« alfalfa plsait ^mr located in the leaeres, Thiy

also reported that there y&s little variatijai fceta?»«E the caro-

t&nQ contp«^ .-^^ •>^'* B*;«'^<^ ^^^ '"^njin and old alfalfa plants, H^i^i^

«pott (19*1-6 ) decided th&t differences In oarotcsie content betwiMn

plfirtts evidently veare dne to differences in concentration of caro^

tene in th© leer^; of tbe plant concerned as well aa to a cnajigiag

leef-stea ratio, Pron a pJUnt breeding standiolnt, catiplea ob-
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talncfi froti ml?:ttirGS of leave* and stmm probably cive an e<jetirat«

pictnare of tli^j total c-t-Tot'-^-f^ r<r. it actually o2d.nta in the nlfalfa

pliuit. Hoi/evsr, sincu tiia ooiist«*iit carotoii^ contejat o*

vlH rrfect tho ^\v ^ntvatlan within the Icarsa, leaf

fffWilysls shoUi>. ;- :•''''?''' •"'* '"^ '^tea^djie the extcr*" "-^

those d±ttaronocQ in ccncc :;.

The coc^plcrltj' of the ^roT?!*!^!! of aarotone cmtaat In alf»lfi|i

has hotyti ^::p]i.gcj .

"^ ^-hla ocporirKjnt, The lit->

beritanc© of carotoic Is prot>&bly controHed bj Intertujtiivr se~

n?>tle «Rd cfiylrQiB3Qgitr;l fr.ctosrs> And th® possibility erints that

ftytopXaaaic ir*iiucaice3 caj' b© 1jivo1v6<1» It Is ccai£.'.la: t;.. 1' at

segrejjatos have be«i o"btp.5..nQd In t?iis oj^jorltSMit ijli5.ch villi b©

tisofal In th'!? ermtlmf^tlv'^r. nf the r.tr..iv of tho Inhorltanee of

Cisrotcno o — ;, of alfalfa,

Rvldence has boesi ohtalJiM Indicating that tho ppTrntal

plnnta usod In tliis ctriify • in their
,

,a. of

^# factors coatrollii.;, ...-.Awaa© contont In alfalfa. In additloiif

it is bollovecl ^:h»t parental plant r?l niglit contain a eytoplnsirde

factor Inflnonoinn cnroter^s ;is dlffei-cnt denrocs c.f nl'mAflcnnod

w-vu-u olitaliiou ,_- iuii-cli It ivua uscu r. " ^e r^alc aziCi ia;sai© jwarant

In reciprocal crossen,

ThQ T-^fi'ilt!!; of f!orrolntion stitutofs raw^fl beti'/dfiri f'f^T*!- p;r0C9i

loaf color and carotoiiQ coniiGiit iiiuioawO zlmvQ \:as no sigiiificant

roletlorinhip tz^iztiriQ in the plai-its iisod In tliis e-.. ^ant» Si«



3^^

us© or this factor alone as a criteria of high carotei-e corxtent

in alfalfa is not recommended*

The iniieritance of carotene content in alfalfa probably rests

on complex intoraction between environment aad heritable factors

within the plant. It is considered tliat segregates have been ob-

tained wnich will be U3ei*ul in a continuation of the study of th«

iniieritaiice of carotono content of alfalfa.
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Thssio iiivesfcigatlonf* were r.i^de under the cv.i:-^-±cos of the

Soils and Agricwitatrai ioiiric JiiXt^ States ^.;i.. . ;;it of

Agriculiiu'sj the Dcparte«ar^ta of Aftr;inoE^ a£^ Cii^JUtffy, £«ari&4m

iH^xiCuu-uiyral .^-., ...u .L.. .•> . ... ..a^iAoaf ai'iu limaas Ia«lasta?ial !>•-»

Y«fcLojgaaaiit i;i^;.iu:»k»£^l<;m« . ikUdior v/isaaa to QS^^r^sa Ms ^Hitf^Hff

and «ppr«<ilgtic. _, chosy vao have givci-i hai^fitl sugg«stlc«kJi tsoA

IaiO¥lodgaia£it Is gl^oa ^ liic* JS* &• ii^Tx^^ wiio &cto<a in tits capft(^»

Itgr of »a4or lastarustorj to 1^., v.. .^, v^raadfielu xy* ^.idiaiful sE^f*

«©stloas md uso oi^ «ciuli,.:x..;ti Lo Qr« ii# L* *.. 11 x'or us« of

•q^i^isoat «&il for &33ist«Ui0d in ccmduotlng cii«d<^l imalysia o^

ffi&roteae aaap^.'^iK,, a^^ to Di>, ,4.« .^^oi' -o* wic iiasasfciatics j.*a»

pdrt£i(mt ^or a^Ll/ido aad £3dlatar:ic@ la dtatlatical aoalysia of ^e
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