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Variation in Coumestrol Content of AIfaI.fa as Related 
to Lacation, Variety, Cutting, Year, Stage of Growth, 
and Disease 

By C. H. HANsON,' G. M. LOPER,' G. O. KOHLER,' E. M. BIOKOFF,' K. W. TAYLOR,' 
'Yo R. KEUlI,' E. H. STANFOlID," J. \V. DUIlI.EY,' M. "T. ,PEDERSEN,' E. L. SOIlEN
SEN,' H. L. CAUNAlIAN,' IUld C. P. WILSIE" 

NATURALLY OCCURRING ESTROGENS IN FEED 

Estrogenic activity has been noted in more than 50 species in 25 
families ofphtnts (13).6 It was reported in roots, tubers, stems, leaves, 
flowers, !lnd seeds. However, since inmost cases, relatively low potency 
wus found, little significance was attached to it, even though some of 
the plants provide common foodstuffs . 

. Although estrogens had been reported in forage crops, interest in 
them did not develop until It severe outbreak of sterilIty in ewes in 
It lltrgo ILrea of Austmlin, was attdbuted to subterranean clover (T1'i
joZi:wlIb 8'ubterra.newln L.) with estrogenic activity (7). Australian 
workers showed thltt subtermnean clover contained large amotmts of 
genistein (14), an isoflu;vol1c with estrogenic activity (12). Subter
ranean clover was !Llso fotUld to contttin the isoflavones formonone6n 
(36), bioc1umin A (36), and daidzein (fdO). Most recent informlttion 

indicates that formononetin is the principn.1 estrogen in that leg-ume.7 

Since alfalfn, (illediaago sabima L.) and L'l.dino clover (T'rijoli'llm, 
1'epens L.) were more economically important than subterranean clover 
in the United States, workers at tlle "Western Regional Research Laho
mtory of the U.S. Department of Agriculture undertook investigations 
of estrogOllic compounds in these two forages. In addition to the 
isoflayone estrogens, a new and more potent estrogen was isolated in 
pure form (9,10) and characterized (11). 

~ Orop!' Research Division, Agricultural Research Service (ARS), Beltsville, 
Md., Brookings, S. Dak., Lincoln, Nebr., Raleigh, N.C., Logall, Utah, .Manhattan, 
Kalls., and University Park, .Pa., respectively. H. L. Carnahan js now at Reno, 
Nev. 

,;I Western Utilizntion Research and Development Division, ARS, Albany, Calif. 
3 California Agricultural Experiment Station, Davis. 
• Iowa Agricultural Experiment Station, Ames. 
• Credit is due :B.L. Norwood, Crops Research Division, and E. J. Koch, Bio

metrical Services, ARS, Beltsville, ~Id., fO.r assistance on data processing and 
analyses; D. White, WestE'.rn Utilization Research and Development Division, 
.ARS, Albany, Calif., for laboratory assistance; F. I. Frosheiser and J. H. Graham, 
Crops Research Di,ision, ARS,St. Paul, Minn., and University Park, Pa., re
spectively, for providing alfalfa samples (liffl'rentiating damage from foliar 
diseases; A. W. Hovin, Universit.y Park, Pa., for 'Ilssistance with field experi
ments; and American Dehydrators Association for providing some of the fuuds 
for coumesttol analysis. 

• Un lie Jlumlwrs in llllr('utllE'SeS rl'fer to Literature Cited. p. 43. 
<Letter communication from David Bennett, Commonwealth Scientific and 

Industrial Research Organization, Canberra, Australia. 

1 

http:WestE'.rn
http:DUIlI.EY


2 'l'ECH.:.~ICAL BCLLETIN 1333, U.S. DEPT. OF AGRICULTURE 

Becau~e of its coumariulike structure, the compound was named 
comnest.rol. It; was hlter shown to be about 30 to 4:0 times more potent 
ill mouso uterine-weight assn.ys than isofhl\TQ·.le estrogens. COllmestrol 
content of potent dehydrated alfalfa samples accounted for 90 percent 
or more of the estro trenlc activity. The four isofhwones mentioned 
contributed to, but a:id not completely accOlUlt for, the remaining 
act.ivity (20) . 

.A. sensitj \'e paper clu'oInatographic assny procedure based on the in
tense blue fluorescence of coumestrol was developed (26). Itpermitted 
mpid assay of tho mlulY samples described in this bulletin. Prior to 
development of this method, some studies had been conducted with 
manse assay procedures. Earlier work showed that estrogenic activity 
was extremely vltriable in different alfalfa samples. Also, more ma
ture alb1fIL tended to have higher estrogenic potencies than younger 
forage (3,8,24.,25,35). 

In thIS study, interest. in learning more of the causes for variability 
in alfalfa estrogen content was based on {;wo developments. First, 
breeding difliclllt.if's had been reported in Ii,'estock grazing on alfalfa 
and other legume forage erops growJ.l commonly in the United States 
U, '7. j(i, 18, 48). These observations jnclicnJed a. need to avoid high
('st.rogen a HaUlt wit.h br('eding stock. S('('ond, many feed-lot st,eers 
wer('. being fed th(' synthetic estl'ogf'n diethylstilbestrol to improve 
growth rate and efficieney of feed cOl1nrsion. This suggested that 
processed forage pl'Oducl"s rich in ('strog(,ll might find a. ready market 
in rtttions ~for flLttening steers, weth(,1"8. and perhaps poultry. 

Prel1mlImry tests with high-('stTog('n :fol'flg('s or ('xtracts prepftred 
from them indicated that; phnt estrog(,lls had growth-promoting ef
fects 011 sheep (3.1..14.. 4.4.): Results with be('f cn,ttle oyer a period of 
s('\'('1·11.1 yel1.l'S sngg('st('d that high-estrogen a1fa.lfa, stimulated growth 
of si:('et'S as did stilbestrol (2[). SO). Howe.ver, in ht.er experiment.s 
tIll' sa,me ,,"orkel"8 were unable to repeat. their results (28). Further 
work is needecl to eshtblish the activity and potential ut.ility of plant 
estrogens as growth st.imulants for rtIDlinants, especially catt.le. 

STAGE OF HARVESTING ALFALFA AS RELATED TO YIELD, 
QUALITY, AND PERSISTENCE 

Since some work has indicat('d that. estrogenic potency of forage 
vlLries with maturity, t.he feasibility of altering coumestrol content of 
lLJfaJfn. by shifting t.he stage of hanesting is of interest. Previous 
work hilS shown thn,t yield, digestibility, chemicn.! composition, and 
stand pel"8istence n.re principal considerations for determining the 
best time to cut n,l£l1.1:fa. Literature on this subject is extensive and is 
l'm'iewed only briefly. 

Dry-matter yields consistent.ly increased with maturity (6,19,22,31, 
:12,87. i'J8. St). 40. JIi. 45,4.7). Reln.t.i\'e yields of hay cnt. at. the bud, 
¥to-bloom, and :full-bloom stag('s were, respecti"ely, 100, 121, and 129 
JX'.rcent. in Kansas (S7) and 100, 116. and 123 percent in Oklahoma 
(19), In Nebraska, (22) relative yields of hui cut. at. tlH' nrebloom, 
~,1o-bloom, a,nd new-growth stages were 100, 112, ancl 117 percent, 
respeC'.tively. 

Although alfn.lfa yields inereased with ac1\'andng maturity, per
centage of c1igNlt.ible energy deC'l'ensed. Est.imntecl digestible c1ry mat
ter d('clilled with advance. in maturity in artificia.l rumen digestion 

http:consistent.ly
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tests U]). In feedi.ng tests, digestible llub'jents n,lso decreased as ma
turity inerensed (15~ 31, 37). Helati,"e )"1eIds of digestible nutrients 
per acre from hay cut at Ulitial-bloom, hnlf-bJoom, !Lnd full-bloom 
stages Wlwe 100, H5, and 70 percent, respecth"eJy, in MonttLlll1, (15). 
II~ It Cal.i:forniIL st.udy (31) l:elat.'in}y~od.uctioll 0.J! total ..di~esti!)le nu
trmnts pel' Hel'e was 100, 113, and l~n pereent, respedn·c.ty, for hny 
ent in the prelJud, buel, Rnd %o-bloom stages. 

t'te(\l'-:fooding tests in Knnsas (3,') showed thM feed ,"alue of ttlfalftt 
hn:y deereased matel'inlly with delay in eutting. Dairy cnttle-feeding 
t:esUl in Montana (.15) showecl t.hat milk n.nd butterfat procluct.ioll 
deelined as alfalfa hay mn,turity increased. California, expe.riments 
(31) with shce.p ILnd C'lttt1P c1omollstmted tlmt feed quality decreased 
us h!t.\' maturity inC,I'cased; howen"r, swine did not respond to diirer
ellees in Itay HllLt,u 6ty, 

}\w('etlt. ]>rotl:'in also decl'l'ltsecl as alfalfa, forage. incrensed in ma
turity (15,19, it2, ;'11, 8.J, 3'/, 38, .It) . •p, 4';'), Rl'htin~ yields of protein 
from hny t'ut at, the prebloom, initial-bloom, l']o-blo0111, ha.lf-bloom, 
full-bloom, !~1lc1 ne~\--B",l'owth stilg-es werl' 100, 9;3, 98. 9i, 8i, ml,d 99,per
{'ent, respedlYely,1l11~ebrnska (~J). In Montn,nn (15) rl'laLlycYlelds 
of pl'ot{'in :from llit~-l'ut at the initial-bloom, half-bloom, !md full-bloom 
s!ageS\YN'l' 100, 9i, and (jR pt.'rc{'nt, l'l'specti \"E.'ly. In Ka.nsas (37) 
l'eittt.i n\ yields of pl'o!{\i n ft'oUl hay cut at the bud, ~i o-bloom, !t~lCl iu~l
bloom 8,~nges WCI't) 100, 115, Ilnd 11:3 percent. respceti,"ely. 1¥lsconsm 
l't'Sltlts (38, .'it), 41) showed that, higher yields of protein per acre were 
genomll.\" obtained from tllree or foul' cuttings XJcr year than two. 
Protein yit'lds pel' acre yaried with the elate of cni;t,mg n,nd the Yttriety. 
Yit,lds per acl'l' in percentage ranged frolll 88 for t.wo-cut to 146 for 
tlu'el'-C'ut. to HiS fodoul'-cut sehedules (39). 

Cl'Ude fiber content increased ,,-il:11 mn,turity (6, 15~ 19, 9212, 3£, 37, 
38, "~,7) nncl was highet· in the first than lnst cutting in Kansas (37) 
itnd Moni:tLIlR (15). where proportion of stems had R direct bearing on 
Jiber C'ontent. Crude fiber content was highly and inversely correlated 
with pILla,tahitit,y of 1Ul.Y (31). 

III N ebrnskn (££) fat content of fornge, owns not ati'ected by maturity. 
In 1Yisconsin e:Lrly Iwc1late June cuttings did 1101. differ in percentage 
of fn,t (38). AltJlOUgh percentagtl- of ilLt, declined with 111!tturity ill 
the spring, t.hl'ra wns no prollolUlced trend in t.he summer. Hig11est 
ItlUOlUlt. of fat per acre wns obtained n,t lDltt.nre stages of growth (47). 

Proportion of leaves n,ud stmns Wl1S often cited as the principal 
facior in qnn,lity. In a Nebraska experiment (9212) the proportion of 
le!wes in ha,y httryested at the prebloom, initiRl-bloom, lAo-b100m, ha]f
bloOl11, seed, allel new-growth stnges was 57, 56, 53, 49, 33, and 53 
percent, l'espect,in~ly, In OkltLh01I1lL (19) percentage of lenNes in hay 
cnt at, I;he prebllcl, l~o-bloom, lllld :iJ.!-blooll1 stages mnged from 61 to 
65, 50 too 61, and4G to 54, respeetiYe,Jy. Similar' results were reported 
:fl"()m Kansas (87), ~Iore ash, protein, n,ncllll!.rogen-frel'< ext,mct of 
~blfnlfn hRV werl' found in leuyes than ill stems. More fiber was in 
stl'll1S tlulll in le:n'es (.tB, :22, 8'7). J....enJiness and protein contents were 
positi"ely ('ot'1'e1:Ltl'<1 (.,,=O.RG) (;?S). 

SeasoBal yil'lcls n,nd persistence of stand were reduced when nHalia 
was cut, too frequently. An extensive, rl'\"iew of prm"ious \Y01"1\: on this 
subjeet, is n,ntilable (40). The. alfilUn. 1)lant utilizes sugars an<1 stRrch 
stOl"l'cl in the roots nnd crown to produce new grow/.ll, About the time 
.Howel" buds nm den~loping, the process reverses Ilnd food reserves a.re 
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stored. ",Vhell IL1:fllHu, is cut repeatedly in the bud stnge, or earlier, 
plants ILre weakened and die prematureJy. It has been geIle!'ltlly con
duded timt Itlfalftt should be cut in the 10-perCeIlt bloom stnge to 
obttLin high yields of good-quality 1uty witJlOut ttpprecillbly reducing 
stand persistence. The number of cut.tings obtainable in It season is 
determined primarily by the length of the growing seasol,l and other 
dUll'llCteristics of the 'gt'Owing period, such us tempemture and 
moisture. 

OBJECTIVES Of STUDY 

A.lthough pj'edous reports inclicated that pluut. estrogeI1S might 
ntl'(>et l'epl'Oduction Rnd stimulate growth in farm lLllimllls, informa
tion was' Jaeking on genetic, physiologieal j and ('uit,uru] faciol'S tha,t 
might nJfeel ~tl'ogellic activity of nJfalflL. AccOt'dingly, this f:tmly 
on the magnitude tlnd n!).tul'~. of Yilri!lbility of comnestl'OL content. of 
ILli'alJlt waS unde·rtaken. InfoL'mlLLion sought WOlllcl be. especin.l1y YIlI

uable in Itse('.l'tn,ining whether breedi.ng, physiology, llmnagement, or 
possibly Il,not hi:'r clisei pliuo would be the most proli.tttlJle are:L for fur
ther resCltr('h to eonh'ol or alter comn{!stl'ol content, New 1indings 
wi It ult.imllte]y help the Ii \'estoek prod tl('N', 

Major objcetin's of this work 'were to sluely (1) yarinJion in 
eoumestrol content of 1h'o Yllrieties of alfnU\t hanesl:ed at the 1110
bloom stn~e in cuttings in each of 2 years at SHen locations, (2) the 
rellltions]up of growth stnge to coumestrol conLent by harvesting two 
"itl'il,l'i€'s itt six stllg-es of growth n.t th1'ee,locatjons, (3) in u, prelimLnnry 
experiment, lhe efl'ed of va,rin.tion in light inteIlsity on coumestrol 
eontent, and (4) the efl'eds of foliar pltthogens on eoumestrol content. 
The hll';t obj('clin} WllS added after resen,rch 011 the fi.rst two objeetives, 
together with in~foL'n1!LtiOll from n.. stndy of coumestrol Vltrilttion in 
eo.nl'l'olled et.lYlrOlllnents (J?1) , llrodc1ecl inforll1n.tion thn;t imp] icated 
III I('I'O-Ol'gan ISI11S. 

AUIIJ6L, is tilt' most ('('ollomieally .impol'la,nt legumeg'L'own for hay 
in the Fniteel fit/tIes. Thl' 19(j~ estimate b\' the U.S, Department of 
Agrieulturl' (46') incliclItNl total n,lfalfa aCl:eage in the United Sbttes 
wus about ~!) million, (j4 pel'('('nt in the 12 North Centml States, but 
some in Iwady (}\'eI'Y State. Thus, arens of production cliffeI' widely in 
cIi lIlates, soils, {md 01'he l' ('cologiclll c lUU'Hctel'istics. 

VARIATION IN COUMESTROL CONTENT AT ONE-TENTH
BLOOM STAGE AS AFFECTED BY VARIETY, CUTTING, 
LOCATION, AND YEAR 

Obj('ctin's of this part of ('h(> study we,re. (1) to chamcterize yn,rill
t.ion in coumestrol content of alfnHll hltl'\'estec1 Itt the Ylo-bloom stage 
from It set 0'£ vurieties, cuttings, locations, and yen,rs, and (2) to ascer
tain the. L'ehltiQnship of coulllcstrol contcnt to other characters studied. 

Materials and Methods 

Planting and Harvesting 

The \,!tl'ieties "Butl'alo," "Du Puits," "T.Jlthontan," "Rn.nger," and 
"Vernal'~ Wl're chosen us l'epresentatiYe of the germ plasm found in 
principal alfnHa varieties grown in the Unitecl States. These five 

http:breedi.ng
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yn,rieties were seedecl ill replir-a.ted plots a.t Dttyi~ CuIH., Ames, lown" 
Mallhattun, R!ms., LincolIl, N"ebr., HnJeigh, N.v., University Pa.rk, 
Pa., fllld Log!Lu, Utllh. Plots were hanested in 1960 and 1961. D1Lt!L 
from the fiye Y!Lrieties, three cuttings each yenr, seven ]oc!LtiollS, and 
2 :re!Ll'S consdtuted the "core" of the experiment on which combined 
stn,tisticnl n.nalyses were conducted. Additional cuttings that were 
hnr\'csted itnd n,naJyzed for these five vl\,rieties, based on four replieR
tions, were CnIifornhL two and Klulsas and North Carolinn. one each. 
Plot size and other details are gi\'enin table 1. 

TAnLE 1.-Soil types, seeding dates, and othc'l' cdfalfa field-plot data 
fm' 7 looatio'lls 

-, 
stut" Sull typo Dnte seeded Method of seeding 1'1015ize 

1959 Fut
Californin ________ Yolo lOulll ____________ BroadcastOct. 15 5X20lowtL____________ \Vebster silt loalll______ Aug, 18 .Multiple row, 5X17 

drilled, _____do_________Kunsns__________ Sarpy fine Sltndy loam__ Sept. 3 1 5X20 
~ebraskn________ Sharpsburg silty clay___ Aug. 20 BroudcllsL _____ 5X20 _____ do_________North Carolina___ Georgeville silty cluy Sept, 4 5X20 

lomll. _____do_________Pennsylvnnin_____ Hngerstown clny loum __ Aug. 4 5X20Utab____________ Salt Lake silt 101\nL ___ Sept. 2 .Multiple row, 5X20 
drilled . I . 

1 H)58. 

Immediittely prior to hUl'Yesting ench crop, the following datu were 
r£'eorded: 

(1) Pla.nt l!riqht.-A\'erage height of pIn.uts within each plol: ,,'as 
rEworded in inches. 

(2) Defoliatio'lL sOO1'e.-Plots were scored from 0 to 7, representing 
0- to 70-percent. or O'ren.tet" defoliation, respectively. 

(8) "tJcN'mge ,~oir'Jnoi,stlll'e ('onditiO'lt8 0'/1. da.y of haJ'l'e8t a.nd 1)?'e'riO'll8 

day.-Yery droughty=l, soilm.oistllre not limiting for growth=3, and 
couditions between 1 and3=2. 

(4:) A ?/l.{)ltnt oj 81m,~hine on day of hal't'est and pl'evio'us d{ty.-Suu
shine on day of llllrnst llnd day pre\·.iolls=l; sunshine on day of har
vest, doudy on pt'e\'iolls day=2; c'loudy on day of hlUTest, sunshine 
on pL'eyious day=3; llnd cloudy on both days=4. 

(5) l1fa;cinvwll, ah' tempel'(lfllrc.-A\"erllge for day of halTest and 
lU'e\"ious day. 

(G) l1finim.wn air tem2)crahu·C'.-A.Yerage for two nights pre\"ious 
to hnrvest. 

Forage was harvested at the Ylo-bloom stage; i.e., when either one
tenth of the plnnts had at least one stem with one or more open flflrets 
or when 25 l)ereent of the phmts had crown shoots .one-follith to one
ha.1f inch in height. Cutting height. 'was 2 to 3 il;,c.hes. Harvesting 
was genera]]y between 10 nnclll a.m., loca.l sttmc1al"Q, time. At Lincoln, 
~fanhn,tt!Ln, and Duyis, YHl'ieties WE're cut Oll different dllyS to adjust. 
for differencE'S in time of tlo\yel'ing. At the other four locations, all 
\'arieties were ('ut 011 the same dltte, This deviation .in 'harvesting 
procedure Iunong locations did not appear to introduce allY variation 
of consequence. 

http:l1finim.wn
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IV-hen the aHnl:f.IL WtlS h:trvested, a represeuhltin~, SRmple of green 
fot'llge wns eut immediately into stem pieces about 2 inches .long. One
quurt; ginss jars containing GOO cc. of n1eohol (ethlUlol in 19GO ILnd 
metlmllol ill 19()1) 'were tightly filled with chopped a]faHa until the 
nleo1101 was within one-half inch of the jar lip and then sealed. Ap
propriate weights were reeorded before nnd Itfter ,filling to determine 
gTN'Jl sample weight. i:'d'ter each cutting, samples were shipped to the 
,fN;tN'n Hegiol~HI HeseluTh Laboratory at Albany, Calif., for comues
t I'ul det(>rminahon . 

.Also, when plofswere. han'esled, a sample of forage 'weighing about 
1,000 grams WitS ohtained from endt plot for .moisture c1eI:Pl'miimtion. 
Each sample was cleaned of weeds or other :fol'eign material and dried 
i~lmedilttely at, lempel'lttul'es between 1350 and 1GO O F., except in 
:Nebmska, wlH're 1(lOo WlIS used. 

In 11l(lO, l'l'plicHtions 1 n.lld 2 wer(> eompositec1, as '\"ere. replications 
;) antI 1~, to g'i "e two replic(ttions for routine :fced analyses. Feeel 
analyses wcn' not made. on samples collected in 11>Gl. Statis!"ical com
pUfli'tions Olt fel'd analyses data were based Oll two replications, 
Whet'I'HS :F(HII' rep] ieat ions werc used in stn:tisticnJ ttnnlyses of data, for 
('otll11l'strol, he,ight, and dei'oliation. 

Analytical Procedure for Coumestrol Determination 

On Ul'l'.inll at tlw Albuny lnboratory, j(trs we·re, reweighed to detel'
mill('. possibll' loss from letlkage. Sunlples ,\"N'e analyzed using JDodi
Ii('a.tions 0:1' th(, pl'ocedul'e of Li,-ingston et. at (gO). Under the. concU
tious dt'scrilwd aboye, sufliciellt time elapsed during storage of the 
sample in soh-eut for complete solution of the coumestrol. Hence, Hll 
aliquot WIlS ta ken directly from the mason jar for HllaJysis. 

\I~het'e etluUlol was used, the supernatant from the jar was filtel'ed 
through nn 18.5-Clll. filter (E n,ud D (15). One hUlldredml. of t.he 
filtered extract was shaken '\"ith;)5 m1. of Shllysohe B 8 in a 250-ml. 
se.pa.mtOl·Y funnel. The lower II1,ye1' waS clrallled off into It second 
sepiH'tttory funnel and reextl'ltcted with It seeond 35 1111. of Skellysoh-e
B. After separating, It third Skellysolve B extraction was carried 
out in thE' same manner. The Skeliysolve extracts were discarded. 
Tho lower phase was concentrated in a RiIlco vacumn rotary evapora
tor to l\, ,-oltune of Itbout. 25 ml. This solution was then extl'acted jn 
ll. sepa,mtory fmmel witll three snccessiye 8-mI. pll.rts of et'hyl ether. 
The combined ether extracts were conceutmtecl to about 3 nil. and 
tl'ltlls:fel'red to It 10-ml. ,-olumetric flask using absolute alcohol for 
transJer. After diluting to yoltUne with n'bsolute l1.1coh01, the solution 
was fil tereel to l'emo,'e sediment. 

The solution was spotted on an origin line dra,\'ll on ,Yhai'man 1 
C'hl'omatographic.filter pitper (40 x 57 C111.). Two levels of extract 
(4 l\,nd12 liuu'bda) and three le,-els of comnestrol standard (2, 4, and 
G In.mbda of 100 p.g. pel' milliliter of solution) were spotted systemn.ti
('n,lIy on the paper, conmestrol. at'l)ositiollS 1, 4, and 7 and un1a.l0wllS 
l'H.ndomly between. After drymg nJ room il;1l1perah.lre, the ~ilper was 
den~loped by ascending chromatography uS.ll1g a llU~-tUl'e of 50 parts 

• Trnc1t' nnllll.'S n re usecl in this publicatiou sol('ly for th(' purt10se of proyWing 
s\wl'ifie iufol'llllltioll. nil.'lltioll of a tl'ndt' llllllle <101.'';:' not ('Ollstitut(' a guarllntet' 
Or wlll:rllllt~· of the Ill'odut't by the r.B. D('partml.'ut of Agl'irulture or flU endorse
llWllt by ttl(, DE'llurtllleut oyer other prod.uets not mentioned. 
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by vQlume of acetk aeid, 35 parts of water, anel 15 pa.rts of ('oncen
h'nted ;hydrochlQric. acid as c1eyelopel'. ,Yhell the solyeat. fl'Qnt hud 
almQst reaehed the tQP of the pa,pe,r, the paper was remo\'ed from the 
tank and dried fQr 2,1; hQurs in a chromnJQgraphic drying duunber. 

Intensity of fluorescence of c.oumestrol spots was determined with a 
pho.tofluol'o.rJll>tl'r (4), und eOlUllPstro.l content of ullknowns was ('al· 
culated front a stlUldurd (,UlTe plotted fro.m the pure, (',oumestrol rpac1
ings. RNmlts were l~xpressed 011 a. dry-mutter basis ('a1c.ulatecl from 
mo.ist urI:} dell'1'minations ma.de at Jielc1 statio.ns. 

During analysis of the 19GO SIlUljJlps, it ,,'as lea,1'nec1 tImt Jess inter
:fering Ilutt.el'ii.tl was extl'aeted i:f methaJlol were used ust hI', extrn.ctnnt 
inste!tc1 of etlutllo.l. Fo.r Hlat, reaso.n, green n.Hnl:6t samples were ('0.1
]€'ct'ecl in ll\Pthlll101 in 19G1, and the methanol extl'!tet. was spotted 
directly Qn ehrQJlHLto.gl'aphie pn,per, ...:\.1so., the develQping sokput was 
('IULugClCllo flO perel'n\' of lH'l,tie acid !lnc150 percent of wa.ler. Den'lop
ment. and JIllQrOml~try rea,clings were carried out. as before. These 
moditienJio.lls elilllinated tediQus steps in the washing lind COl1('euti'it
tion pl'Q('eclul'es. 

Procedure for Other Chemical Determinations 

In n,ddil'iQn to analysis for coumest.rol eonten!', slunples obtnined in 
1DGO wel'l', subjoetecl to a feeclalln.1ysis, which included cleterlllinn.tions 
fot' pl'l'cl'lltnges of protein eN x6.25) ,crude. ,fiber, ash, fat, l1llclmois
IUl'e. Nitrogetl-:t'l'el' extract wns calculated by difl:el'l'nee. l\fethods 
llsell :fo1' :fPl;cl llnalyses Wl'fe those o:f the Amel'i.cnn AssQciation of 
Cereal ('ltNniRts (~), Each ehemical cQnstituent, was expressed in 
pl't'centa/!e on a. moisture-free basis.Co.mmercial faeilities were used 
fOt, chemical analyses other tltnlllonmestl'ol. 

Statistical Procedures 

Combined Ana.lyses Oce)' Locations and YC(l1'S.-Dabt frQm ,t,he 
"eQl'e" of the expe,ritnpnt were subjected to a combined analysis of 
Yltrinnee. The expectedll1l'lI11 squares for this ana]ysis are shown i.n 
tll'ble ~. 

ApproprinJl' linenl' fuu('tions of mean squares Wfre used to estimate 
en,ch yn.riance ('ompQnl'n:t. A plot: component was eQmputed by adding 
togethpt' iLlI compoll('nts except. that for 1he cuttings mnin efl'eet.. In
di\Tichml "a,rill/let\ components were. expressed as a percentage of the 
plot; compQnent. A plot component computed in this manner arises 
from Yltria.t.iQn amo.ng plots ""il'llin eunings. 

In analyses of data for illCllviclual locations, all euttings were in
cluded, except the '.fifth eutt Lng at Davis, Calif, in 1960. 

Dctflomining .!L"f80citdiollB Between cr7/arlu:te)'8.~The sum of squares 
fo.r en.eh main etfeet and int.eraction in the "core" analysis, exCel)t those 
iIwQldng replieu.tiolls. were snbcli"ided into the part due ,to. linear re
gression nnc1 the pat't~ clue to de\Tiations from linear regression for 
st.udy of the rela.tionship betwpen coumestrol and other cha.racters. 
The mean square. fo.r cle,Ti!ttions from linl'ar re/!ression for each effect 
was tested with the same mean square that was used for testing the 
effect. If the, dedn:tion from regression mean square were si.gnificant, 
it. was used to test the significflllce of the regt'ession component; jf not, 
the error t.erm for dl'\"ln.tiQns was used, 

http:Ilutt.el'ii.tl
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TABLE 2.-E:epected mean sguares jo'r analysis oj va7'iancc oj cou
me8t'l'ol (p.'p.'1n,) in alfalfa fr01n 5 '1Ja1'ietics amd 3 cuttings ha1'Vcstcd 
in each of ~ yew's at '7 ZocatiO'lJ..S J. 

Sourt.'1l d.!. Expected mean square 

J..oclltions (L) ___ _ 6 a2.+3a2VYR(L) +f1a2VR (L) + 12u2vYL +24a2VL+ 60u2YL+ 
15u2YR(L) + 30U2R(L) + 120u2L 

R('plications in 21 u2• + 3u2\'YR(L)+ 6u2\'R(L) + 15u2YR(L) + 30U2R(L)
locutions 

(R (L))
Yeurs (Y) ______ _ 1 a2. +3a2VYIl(L) + 12<TvYL+84u2vy+15u2YR(L) + 60u2YL + 

420u2yyXL__________ _ 
6 a2.+ 3u2vYIl(L) + 15u2YR(L) + 12u2vYL+ 60U2YLYXR (L) _______ _ 21 u2.+3a2vYR(L) + 15a2YR{L)

Vul'ieties (V) ____ _ 4 a2.+3u2vYll(L) + 6U2VR(L) + 12u2vYL+ 84u2vy + 24u2VL + 
16Sa2vVXL__________ _ 24 a2. + 3u2v VR(L) + 6a2vR(L) + 12u2vYL+ 24u2VLVXy__________ _ 

4 a2.+ 3u2vYR(L) + 12u2vYL+84u2vyVXyXIJ_______ _ 24 a2.+ 3a2VYR(L) + 12u2vvLVXR (L) _______ _ 84 u:. + ?U:VYR(L) + 6U2VR(L)VXYXR (L) ___ _ 84 u-.+3"'-VYIl{L)
Cuttings (C) ____ - 2 a2. +4a2cvYL + 28a2cvy + 8a2CVL + 56u2cv + 20u2cYL + 

140a2cy +40a2CL+ 2802:C21CXL __________ _ 12 a2. +4u2cvYL + 8a2CVL + 20u2cYL +40a2cLCXY__________ _ 2 a2. + 4a2cv YL+28a2cvv + 20u2cYL + 140a2cyCXyXL_______ _ 12 a2. + 4a2cvYL+ 20a2CYLCXV__________ _ 8 u2.+4a2cvYL+ 28a2cv y +8u2cVL + 56u~cvCXVXL_______ _ 48 u2.+4u2CVYL+8u2CVLCXVXY _______ _ 8 a2.+4a2cVYL+28a2cvy
CXVXyXL___ _ 48 u2.+4v"cVYLError__________ _ 420 u2• 

TotaL __ .____ 839 

I Cuttings main effect wus assumed .fixed; all other main effects were assumed 
to be random variables. Source of variation associated with each a2 is indicated 
by subscripts. 

The test of significance of the mean square for regression is also a 
test, of sign iiicunce of the correlation coefficient and of ,the percentage 
reduction in sums of squares due to regression (r) for the particular 
effect, since the variance component associated with regression f32'.$.aP 
is equivu.lent algebraically to p2;;'y2. .:Main effects containing signifi
cant interactions not included in anyone men,u square were tested using 
the procedure outlined by Snedecor (4~, p. 362). 

Regression Stuns of squares for locutions, varieties, and cuttings 
estimate the degree of linear association between coumestrol and ,the 
other characters for the respective sources of variation. The StUll of 
squares clue. to deviations from linear regression measures the Yaria
tion that is independent of linear llSSociutLOn widl coumestrol content, 
,,,hen ('onmest,rol is used as U1e "w" yariltble. ",Vhet.her cotunestrol is 
used as the "ro" or tty"~ variable affects the test of si~nificance, since two 
Yllriables are seldom measured with the same (legree of precision. 
Howe,'er. the percentage reduction in the stun of squares due to regres
sion wi U be the. Slune regardless of whether coumestrol is the ";1)" or 
"y" ,·ariable. 

Regression sums of squares for interaction effects can he interpreted 
a~llleasuring the extent to which the interaction effect for coumestrol 
Yaries with 'the interaction effect. for another character. 

http:f32'.$.aP
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The regression sums of squares were also obtained for variety, cut
ting, {Teal' and int.eraction sources of vu,riatioll for individual locations. 

ZThe live' core" varieties and all cuttings at individual locations (ex
cept the .fifth cutting at Davis, CRlif., m 1960) were included in the 
analyses of individual locations. 

Results 

Combined Analysis of Coumestrol Data 

J.lfean Sgua'I'es.-:Mean squares for tlle followlllg sonrces of varin.tion 
for ('onmestrol content of alfalfa nt the 'lio-bloom stage were highly 
signi.ficant, us ShOW11 in table 3: Locations, varieties, years X locatIOns, 
vtLrieties X years X locations, cuttings X years, CUttl11brs X years X loca
tions, and cuttings X varieties X years X locations. Mean squares for 
othel.· Sources of vltriation were llOt significant at either the 5- or 1
percent levels. 

TABLE 3.-111 ean sgu,Q,'I'es fl'01n combined analysis of va1'iance of cou
7nestrol (p.p.m.) in alfalfa 

:3ouroo 

Locations (L) - - -- - ----- ------ ------- - --- - --
Replications in1ocations (R (L»-------------------Yenrs (Y) ______________________________________ _ 
Y X L __________________________________________ _ 
YXR (L) ________________________________________ 
Varieties (V) ____________________________________ _
VXL __________________________________________ _ 
V X Y __________________________________________ _ 
VXYXL_______________________________________ _ 
V X R (L) _______________________________________ _ 
VXYXR (L) ___________________________________ _ 
Cuttings (C) ____________________________________ _
CXL___________________________________________ _ 
C XY __________________________________________ _ 
C X Y XL_______________________________________ _ 
C X V __________________________________________ _ 
CXYXL ________________________________________ 
CXVX Y _______________________________________ _ 
CXVX YXL _____ ::. _____________________________ _ 

d.l. 

.1 
21 
1 
6 

21 
4 

24 
4 

24 
84 
84 

2 
12 
2 

12 
8 

48 
8 

48 

MellO squurc , 

200 924*" 
' 431 

1,697 
34, .934** 

596 
8,352** 
1,630

616 
1,332**

340 
468 

109,987 
29, 580 

222 528** 
29;214"'*

3, 754 
I, 721 
3, 170 
1,847** 

Error______________________________________ _ 
393 514 

'**=Si!:,'llificant at I-percent 1e\·e1. 

ral'iancc Component Esti'lll.{ltp.s.-Components contributing to plot 
Yitriation were placed in three general classes based on the magnitude 
of the estimate. Components for .locations, ('ut.tingsXyears, and cut
tingsx years X lo('ations were similar and collectively accounted for 
approxinmtely 7~ pereeut of the plot vlll'ia60n, as given in table 4. 
The seeoncl c1ass consisted of (,OJUl)OllCJltS for yet1l'S X locations, cut
tingsX vtlrit,tiesX years X JO('t11 iOIlSs and errol', and was responsible for 
2·1.3 pt'l'eenL The third class consisted of the 13 l'enUdiling com
ponellts, the largest of whieh aC'tountecl for only 1.2 percent. The 
pn rt attributed to varieties accounted for O.S percent. As previously 
llotE'c1, the cutting e.lrect was assumed to be fixed and wns not included 
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in the plot component. Estimate of the cutting component was 
negative; hence, the component ...vas assumed to be zero. As indicated 
above, hO'wever, interactIOlls with cuttings were large and accounted 
for about one-half of the plot variation. 

Llvemge Oomnestl'ol 001~tent.-Coumestrol content for the fixe 
nlrieties averaged over cuttin~s tUld locations is sUl1uuar.ized in table 
5. Differences behYeen varietIes were small but significant. Lahon
tan had the highest a.verage comnestrol content, Dll Puits and Vernal 
were lowest, and Buffalo and Ranger were intermediate. Rank of 
varieties ,''us not consistent over locations and yea.rs, a.lthough La
hontan ranked 1:irst and Du Puits ranked last more frequently thnn 
did the olbl'r nlrieties (table 7). Although difl'erences among vari
etil's were f;l\lnU in relation to some other sourcl'S of variation, forage 
from Lahontan Hyeraged 35 pereent more. coumestrol than Dil Pults. 

Cutting ltyerages Wl're not: significantly different when lweraged 
o\'er varieties, locations, and years (table 5) . In any 1 year, however, 
cuttings were probably different, but these differellce.<; were not con
sistent for the :2 years i tItus a highly significant ex Y interaction re
sulted (table 3). In 1960, average coumestrol content over locations 
was lowest at. the first cutting und increased with succeeding cuttings. 
In 1961, on the other hand, coumestrol content was highest at the first 
cutting, lowest at the second cutting, and intermediate at the third 
cutting. However, the inconsistent C X Y interaction at each location 
resulted in a highly significant. 0 X Y X 1.1 interaction (table 3). The 
latter was 1t major source of variance (table 4). 

TABLE 4.-Fal'iance components fo'r cOU7nest'1'ol content (p.p.m.) 
estillwted frmn combhted analysis ofvw'iance at 7 locations 

Estimate expressed 
Component Estimute !IS percontago of 

• 1 
Uj;lot. 

UL, ______ • __ ~ _______________________________ _ 
1,381 24.1

• -1 o 
:~~~::~::~:::::::::::::::~:::::::::::::::::: -77 o
UyL ___ M _______ ~ ____________________________ _• 558 U.7
UYR(W------------------• _____________________ _ 9 .2 
a~___ ----- _________________________________ _ 44 .8 
U~L 

18 .3 
u~y ________________________________________ _ 

-9 o 
a~YL_-------_~ 72 1.2 
U~R(W -- __ -21 o 

-15 oU'YR(W------------------------------------- 2(TCl.- - - - ~~--- - ___ - -- ___ --- __ - _________ ----- _-_ 12 .2 
U!?1"'• ___ _ - -- ______ - _______ - ___ - _____ ... ---- ____ _ 1,371 23.9 
O"CYL- ___ ... ___________________________________ _ 1,368 23.8 

13 .2u~y_----_-----------------------------------• -16 oUC\"L- - - - - ---~_ - ---- -------- ---- - - - --- - -- - - --
O"~\"y _ __ ___________ .._________________________ _ 47 .8 
U6\'"YL- - - -- ---- --- - ~------ -- - ----- - -------- --- 333 5.8Error (0-2) ___________________________________ _ 514 9.0 
U~lo,,2--- _____ ___________ _. ____________________ _ 5,740 1(10.0 

2:0; ____________________________________ _ -406 

1 u~lot.=1,3S1+558+9. . . +514. 

2 Negative components w'ere assumed to estimate zero. 
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TABLl'J 5.--Llvemge C01.lmest)'ol content of alfalfa ha1'vested at }(o
blo01n stafJe by v(wieties (3 cuttings (tnd1locat-ions) and by cutt-ings 
(5 varieties a1ul 7 locations) 

1tom 1960 1961 Average 

VAIUETIES P.p.lII. P.p.m. P.p.m.Buffnlo .. _______________________________ _ 57. 7 60.8 59.2.ou Puita_____________-- ________________ _ 52. 9 48.4 50. 7 Lnhontan ______________________________ _ 71. 9 65.4 68. 7 Ranger ________________________________ _ 62. 9 58.0 60.4VerntlL ________________________________ _ 53. 7 52.4 53.0 

CU'l"l'INGSlst ________________________________ ----
2d_____________________________________ _ 45.0 107. 1 76.0 
3d_____________________________________ _ 56. 9 17.0 :n.o 

ii,6 46.9 62.3 
Averagc____________________________ _ 59.8 57.0 ,')8.4 

In 1960, us shown in table 6, eoumestrol content was lowest in the 
first cutting in Iowa, Kallsas, and North Cttrolilla; highest in the first 
cutting in Culifornitt; and not (l'reatly different among cuttings in 
Nebraska, Pennsylvanitl, and Utt{ll. In 1961, coumestrol content was 
consistently high at the first cutting and low at the second cutting at 
all locations except Cu.lifornia. 

TABLlj 6.-Ll·vemge C01l'lnest1'ot content (p.p.lI/,.) of 5 alfalfa va1'ieties 
lW1'!'ested at lA.o-bloO'll1rstage by C'ltttings', locations, and yea1'8 

California Iown KanS!lS Nellraska 
Cuttings -

1960 1001 1000 1001 1000 1001 1960 1961 

lst_________________ 
2d _________________ 31. 1 5. 7 98.4 172. 2 10.3 247.1 58.5 94.2 

16.6 3. 3 124.2 16.6 40.7 14.7 54. 7 13. 2 3d _________________ 
.2 6. 0 217.6 123.8 70.3 45.6 55.5 19. 3 

Average of 3 
cuttings_______ 15.9 5. 0 146.7 104.2 40. 4 102. 4 56.2 42. 2 

4th_________________ -----------------------
5th_________________ 1. '1 12.9 ------ ------ 41. 3 35.5 ------ -----

13.5 ------ ------ ------ ------ ------ ------ -----
-- ---- ---

Average of all
cuttings_______ 12.6 7. 0 146.7 104.2 40.6 85.7 56.2 42. 2 

-
North Carolina PennsylvanIa Utah i locations 

lst________ - ________ 
2d_________________ 
3d _________________ 

14.8 
83. 4 
97.0 

48.3 
25.2 
43.7 

98.5 
79. 0 
96.4 

132.8 
41. 9 
78.1 

:3.7 
0 
6.4 

41).3 
4.3 

12.2 

45.0 
56.9 
77.6 

107. 1 
17.0 
46.\) 

---------------------r-
Average of 3 

cuttings_______ 65.0 39.0 91. 3 84.2 3. 4 21. 9 59. 8 57.0 
4th_________________ 47.1 '16.0 ------- ------ ------ ------ -----,- ------

Avcruge of all
cllttings_______ 60.6 '10.8 91. 3 84.2 3. 4 21. 9 ------- -----
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Location Il\'erag-es (p.p.m.) for conmestrol content of three r,:uttings 
were lowest in Califomia and Utah, averaging- 10.4 and 12.Ci, respec
tively (table:;). Highest values werc obtained in Iowa, which a ve1'
ng-ed 12:>.4. Coumestrol contents of forage were intermediate in Ne
braska (49.2), North CarOlilUt (52.0L Kansas (71.4), and Pennsyl
vania (8i.7). Forage from the two first cuttiubTS in Knnsns differed 
tt-emendously und. caused marked differences between yenrs at that 
location. 

Coumestl'ol avernge:,,:of three cuttings for 1960 and 1961 were 59.S 
and 57.0, respectively as shown in table 7 (lower right), but the 
year X location interaction was highly significant (table 3) . The latter 
resulted from coumestrol content being lower in 1960 than 1961 in 
KttllStlS and Utah, whereas it was higher ill 1960 at other locations. 
The high In'erage coumestrol in Kansas and Utah for 1961, as com
pared with 1960, was largely dne to high levels in the first cutting 
in 1961. 

Cuttings Not Common to All '.ocations and Data for Individual Locations 

Coumestrol determinations for the fourth cutting are gi\'en ill table 
7 'I01' those locations where the season permitted (t fourth crop. Gen
erally, content. of the fourth cutting wns similar to that of the third at 
the rcspectiyo locations. Average coumestrol content for the fifth 
cutting in Calirornitt in 1960 wns 13.5 p.p.m. (table A1) and similar 
to the It \'cl'l1ge of that location for the first three cuttings. Datlt for 
illdi"lcltml locations are given in tables .A.1-Ai in the appendix for 
ea('h chal'llcter sLudied. 

Relationship of Coumestrol Content to Other Chemical Constituents 

A verages 'for ehemical constituents determined by feed analysis 
(1960 slu'nplcs only) ure summarized by vnrieties, cuttin~TS, nndlocn
tions in tables 8 and 9 and by locations in tables AI-A7. Mean squares 
for coumestl'Ol content nndregressions of coumestrol with other con
stituents from the combined statistical l\,nnlysis over locations are pre
sented in table AS and for anulysis of individuallocntions in tables 
A9-A15. Sums of squares due to regression on coumestrol content 
obtained from the combined analysis (table AS) are summarized in 
table 10 as percentages. ..t\.. regression analysis of Utah data was not 
computed because some coumestrol samples for the third cutting in 
1960 were lost. However, Utah data were subjected to an analysis of 
vnl'itUlce (table A15) llnd were included in the combined regression 
analysis. 

A cQrrelation coefficient is regarded as significant if the sum of 
squares due to regression (r) was significant at the 5-percent level 
when coumestrol wus used either us the "ru" or "y" variable. 

Association lV-ith P1'otein.-Coumestrol and protein contents were 
positi vel y and signficantly correlated only for the cutting X location 
source of variance (table 10). This suggested that those environ
mental or management factors peculiar to individual cuttings at in
dh"iclual locations tended to affect coumestrol and protein contents 
similarly. 
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,At individlllLllocations prot~in C'ontcllt was nJso positi\'~ly ('olT~latl'd 
''.:.lth ('Olllllcstrol ('ont.cnt for tho eutting Xnlriety intcra('tioll. In 
h.,IUlsns (tILbl~\ A3) t~llS Ilppeal:cd ~o be due pt·.imarily to a hi/!h ]~\'l\l 
of both ('onstLtuents L1l DlI Putts 'fol'l1ge at the sc{'ond ('uttin r,. anel in 
Lahontan !omge at tho third cutting. In Iowa (table.l;\.:2) cO~ltlest 1'01 

Ilnd Pl'Otl\[1l ('on tents were lowest at. the first cutl il1" and ilH'l'eascd 
i~1 su('eessi\'c Iml'\'c~~"i1 contt'ibuting to 11 positive asso~iation Jor eut
tmgs (tlluleA10), 

..:hsO('iation lrlth Crude FiOel'.-A", eoumestrol inerellSccl crude 
libel' also tended to increllsH slightly, but the only sigllitieant ~ourees 
wpre thH Vltl'iety X loc-tltion and ('utting Xyltriety interadions (table 
10) . 

At incliviclualloclttions cL'udc fibet, content was positi\rely cOl'l'elated 
with coumestrol content for vl1.rieties and cuttings in Iowl1. and Kansas, 
r~spe<:tively (tables .A10 and All), Ln.hontnn had high Hbm' and 
('oumestrol contents in Iowa (table ./\.2). First-cutting fomge in 
Kansas was low ill both fiber nnd coumestL'ol (tnble A3), 

..:l8so('i.ation 1Fith Ash,-C'oumestrol content was strongly correlated 
negati\rely with ash content of :foL'llge for locations and cuttings, but 
not for other SOllrces of vHrintion (table 10). 

Ash c:ontent WitS negative.ly correlated with coume-strol -for ('uttings 
in Kansas and for YILrieties in Kortlt Carolina (tables All Itnd A1;1) , 
The third ('lItting in Kansas was highest in ('oumestrol and lowest in 
ash (tablo Aa). Foragp. of Lahontan n.ud Du ruits in Korth CllrolimL 
WllS highcr in ('oUlnestl'ol Ilnd lower in ash than other ntrieties (table 
_\3) . 

•·h,'1oriation 1rith Fat,-C'oumestrol and fat ('ontents were not si/!nif
ieantl" ussoeiated :for 1my of the SOUITl'S or \'I1.rian('e in the combined 
I1nnlysis (table 10). H~o\\'e\'er,in Iowa and Neul'I1ska ('omnestrol 
and fat were postti\"c1y correlated for the cuttings source of nLt'iance 
(tables AIO nnd A12). IO\m forage was high in cOllmestl'ol and fat 
ItI thl' third ('utting (table A2), whereas Nebraslm forage. ,,"us high in 
both ('onstituents at the first ('utting nnd low at the second ('utting 
(tllbleA4) . 

..:.L.'18o('iation lVith XilJ'o!7('ll-Free E,lJtract.-Coumestrol content was 
ll('gntiw'ly fmc! siguilirllntly eOl'relllted with nitrogcn-free extrHct for 
"Ilriety X loeation and ('ult ing X ntl'iet)' sour(,es of ntrinnce (table 10). 
~igllif1cnnt ncgll.tin· (,OITl'lll.tions for some sources of Yllrilltion were 
niso outnined Itt all lO(,ll.tions eX(,l'pt North Carolina and Cltlifol'llin 
(tables 1\.9-AH). SOUl'('es with signif1cllut correlations were either 
\'ariet~' or thc cuttingXvll.ril·ty intemction. In Californin a positive 
a~sO('ill.tioll waS obtained for the nll'iety source of mriatioll (table AI). 

Relationship of Coumestrol Content to Plant Height, Defoliation, and 
Maturity 

nata for plnnt hcight defoliation, and maturity are· gi\"en 11('('ording 
(0 Io{'ntlon. ('uttin/!. Yariely, nnd year in taules AI-Xi. Avemges oyer 
YNU1' and IO('llt lOus ar(' prl'sentl'd in table 11. Hesnlts of the ('omi>ined 
IUld intlh-idllnl analyses for height llnd defoliation are shown in tables 
A1H-.\~!l. ~lIms of ~quar(':-~ cluc to rt'gr('s:c>iotl Oil ('onllll'strol ('ontl'llt 
COL' height and defoliation ax(' slImmll.l·ized·jl;; p('t'('entnges in table 12, 

http:negative.ly
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TABI,t} 7.-.Avemge C0U11U!St7'Ot content (I).p.m.) of alfalfa OJ! cuttings, 1'a?'ieties, 10caliti6'J, and year8 >
t" 

1ST CeTTING 0:1 
~ 
t'<----,-. I <-'-'-'I-'--"~~I-~:rL~h~l- I I t" 
[;'l• CalIfornia Iown KtUlsllS !\'ebraska Carolina, )'ellJlSylrnnla nah 71ocatlollS >-3 
Z

,,,,01, I~L~~!~~"II'" I.."!~I'ooo r.."I'""-! "" I.."I~I~~~ ,,~ 
e.o 
e.on. ufTalo __________________ 30.51 5.. 0.120. S,237. 0 10.5'201. 01 0:3. 5JOO. O! 13. O~ ,56.0160.3 la4. 01 a. S\47. 01 58.3121. 3 S9.8 w

Du Puits ________________ 10.8 1. ouoa. Op07. 01 8. 3[180. 51 43.5, 24.8,' 12.0; 47.8 74.5149. 3! 3.5155.8; 36.5 S1. 7 59. I 
Lahontan ___ '_""_'_" 5Uii13.:3I' 08.8,257.01 0.512R4.0, 06.0:WL5 16.5,00.0; 62. S·l46. OJ 5.0 40.5144.3,128.0 86.6 r1 
H.unger_. _.. _••• __ •. _•• _. a5. 51 4. 01 !J7. 8/136. 01 12. 3)205. 8j 72. 81 JR. 5i l!J. 31 :35. S:125. 0; !J7, 8. 3. 5! 5:t 8 52. 31105. () 70. I m 
VernaL._. ________ • ___ ._ 20.8; 5.31' Ci5. 8:12:3. 8j 11. 0208. 3' 40.5117.0) 13. () 42.0, on. S130. 8. 2.8, 49.3 33.0 1l7.5 05.0 _____..... ; ._,.......,,·l__ ~__.' ___·· __ __..._~~_-_ .. _ ... _~~~ _ __.._,,: __~~~- __ 1 

\::
__ f ·-_'--I---l--.~--~-

[;'lA\·('ragc___________ 31. 1/ 5.7/ !JS. 4 172. 2 10. 3tH. 1158.5, !J4. 2; 14. SI' 48.3; 98. 5;132. 8i 3.71 40.3 45.01107. II 70.0 
1 1 1 

'"C 
~ 

2D CL-rTING ii; 
:.
oBufTal~----.------------- l~. 5 g. 81109. 3!lr· ~133.51 13.8' QO.~! i5. 81 ~1. 8140. 51.' ~2. 01 28. 31 01.' 3. ~I ~O. 41 I!. 51 33.9 ....Du PUlts ________________ 10.0 _. 8l 11 O. 01 1J. 0 04. S 10.0 vO. v L 8/ 16.0 19.8 10. OJ 48. a OJ 3. Vj vO. 21 Iv. 9 36.1 

Lahontan. ______________ • 25.5 ;. SII~Q. 5116. ~I gl. 0 16.51
1 47.8. 10.3\ 05. oj ;1. 81., 89.31. 41.. 8 OJ 3. 8/ O~. I 17.0 40.0 

(3 

Ranger______ • ___________ 13.3 u.3 131. 8 18.0 _0.8 10. S 81. 8 18.01 91. 0, .0.3 88. OJ 49.0 0, 4.8
1 

O•. O! 18. 6 40.6 
VernaL_________________ 12.8 1. S117. 5 13.3 27.3 10.5 32.8) H.OI 93. OJ 23.51 75.5j 42.3 0 O. OJ 51. 3115. 9 33.0 ~ 

1 1 1 C1 
~ 7n• -100'1-3311?4. ?'-1001-40- 14 - ~4-1'-13?! 83 4,--;:;:-;;i oj 41 ('--0'1-43150 !)1~7ol-a-0 [;'l.t~vcragc___________ . '! - -I . I . I • I iJ. I • -I I -0. -i u. i . "I I' . L. I (. 
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30 CU'l'TING 

-1 

11 Bu(f~l~-:_~~ ___ ~ __ ,._______ 0 I ~. 5l.169. 8\.115. oj 57.8 46. 0\ ?~. 311~. 81 ?? 31 ~6. 01.,. ~~. 81. 59. 01 5.01 13. O~ 6*..j! 4~. 6! ~4. ~ 
Dulults________________ 0 , :.0146.0150.~t 71.8 ~?-5 3<>.5 1<>.8 133.5 0~.5, 1_.0. 54.~ 4.0; ~.O G~.I: ~1.6, ~0.9 --:?i Lahontan. ___ ."._________ • 8,<>. 0;308. 3,l1l. 0, 97.8 <>3.0 89.51 21. 81 99.31 3,.8)51. 0115. ill 5.0, 1.8 ]0/. 4 .)0.3; Is' 8 :>

;::l'" nallger_____ • __ ~ ________ - 0 0.0:215.0'129.31 09.3 49.5,1 52.3 23.01 69.81 36.5,104. 0, 86.8; 7.0 11.31 73. g, 49.3 61. 6 .....! 

r :>VcrnaL_•• _~_.___ • ______ • _0_~i249. 0112. 5J 54.8 34. 8 ~ 17.3 83.0139.81 88.3( 75. 0r~j 20. 8.~1 43. 8j~ >-31 ..... o40
i Average _____ ~ ___ ._ .2 6. °1217. 61123. 8170. 3 45. (3 55.5 19.3 97.01 43.71 90.41 78. 11 0.41 12. 2177. 01 . 01 02.3 

t,,; 
Z 

~ 
AVERAGE OF 3 CUTTINGS 

(") 

1 rj 
o 

nufTalo ______ ~___________ 15.3 6.1 135.31122.4 33.9100.958.8 47.81158.01 47.5\ 99.7\ 73.8 2.01 21. 21 57.71 00.8 <>."0.2 ~ DuPuits ________________ 8.0 1.0121.7 02.4 48.3 82.3 4.3.2 14.1 73.8 42.0 72.2 83.8 2.5 22.4 52.0 48.4 50.7 t=J 
J,ahontall __ ~ _____________ 26.0 7.0182.5128.3 52.8117.8 67.8 46.5 70.3 39.8101. 0,10L 1 3.3! 17.3 71. Or 65. 4 68.7 ~ H.anger __________________ 16.3 5.4150.2 04. 6 36.1120.7 68.0 53.2 60.0 30.8105. T 77. 8 3.5) 23.3 62.9 58.0 60.4 ;::l 
VernaL_________________ 13.2 4.5144.1 83.2 31. 0 84.5 42.3 49.4 63.0 35. 1 77.8 84.7 4.01 25.3: 53.7 52.41 53.0 o 

t" 

(")Average___________ 15.0 5.01146.7104.2 40.4102.4 56.2 42.2 65.0 39.0 91. 3 84. 2 ~I '21. 01 50.8 57.015s:4 o 
~ 

4TH CU'I'TING ~ 
!Z 

oBufT~l~------------------ 43.5 ----- -----1----- ----- -----/-----1-..·---
1-3 

4.0 14. 0 ----- ----- 36.3 29.0 ----- ----- 42.8
Du I U1ts________________ 0 10.8 __________ 44. 8 27.0 __________ 40.3 40.8 ----- ----- ----- ----- ----- ----- ------ "'.1 

Lahontan________________ 0 9.8 __________ 45.0 45.0 __________ 61. 5 65.0 ----- ----- ----- ----- -----,----- -----
H.anger__________________ 0 13.8 __________ 35.8 40.3 __________ 44.3 42.3 __________L ____ -----,----- ----- ------ ~ 
VernaL_________________ 2.8 16.0 _____ -- ___ 44.5 36.3 ----- ----- 46.5 38.3 ----- _____L ____ ----- --~-- ----- ------ "'.1 

-------------1---1- "'.1
Average___________ 1. 4 12.9 __________ 41. 3 35.5 ----- ----- :>47.11 46. 0 ----- -----1----- ----- ----- ----- ------ ~ 

1 

f--I 
01 
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TABLE 8.-0he'lllii(Jal c01nposition of alfalfa by auttings and varieties 
averaged over 'I locations, 1960 

1ST CUTTING 

Vurlcty Coumestrol rrololn Crude Ash Fllt N·!roo 
fiber exlmet 

P.p.m. Ptrcont Ptretnl Ptrcent Perceru PeretnlBuffalo ______________ 58.3 19.8 27.1 10.3 3.2 39.6Du Puits ____________ 36. 5 20. 0 25.6 10.4 3.3 40.7Lahontnn ____________ 44. 3 19. 8 26.6 10. 2 3.4 40.2
Ranger ______________ 52.3 19.9 26.0 10.3 3.3 40. 5VernaL______________ 33.6 19.8 26. 3 10. 1 3.3 40.5 

Average _________ 45.0 19.8 26.3 10.2 3.3 40.3 

2D CUTTING 

Buffulo ______________ 50.4 20.6 25.6 10.2 3.2 40.4Du Puits____________ 56.2 20.9 26.3 9.9 3.3 39.6Luhontun ____________ 64.1 20.3 25.9 9.8 3.3 40.8Rauger ______________ 62.6 20.9 25.9 10.0 3.1 40.2VerunL______________ 51. 3 21. 1 27. 1 9. 7 3.4 38.8 
Average_________ 56.9 20. 8 26.2 9.9 3.2 39.9 

3D CUTTING 

Buffluo ______________ 64. 4 19.8 26. 7 9. 7 3. 1 40. 7Du Puits ____________ 66.1 20.0 26.3 9.5 3.2 40.8Lahontan____________ 107.4 20. 0 27.4 9.5 3.1 40.1Rlll1ger ______________ n.9 20.3 26.2 9.5 3.2 40.8VernaL______________ 76. 3 20.9 26.0 9.5 3.3 40. 5 

Average _________ 77.6 ,< 
20.2 26.5 9. 5 3.2 40.6

I 
AVERAGE OF 3 CUTTINGS 

Bufflllo ______________ 57. 7 20.1 26.5 10.1 3.2 40. 2Du Puits ____________ 52. 9 20.3 26.1 9.9 3.3 40.4Luhontuu ____________ 71. 9 20.0 26.6 9.8 3.3 40.4Ruuger______________ 62.9 20.4 26.0 9.9 3.2 40.5VernaL______________ 53. 7 20.6 26.5 9.8 3.3 39.9 

59.8 20. 3 26.3 9.9 3.2 40. 3A.verage_ --------1 
As,wciation lVith Plant H eig ht.-Coumesfrol and plant height were 

significantly correln.tecl, positively for cuttings, cuttings X locations, 
yarieties X locations, and negatively for cuttings X years, cuttings X 
varieties, and cuttings X varieties X locations (tables 12 and A16). The 
largest estimated v!triance components for coumestrol were for the 
location, cutting X year, !tud cuttingXyearXlr cation (table 4), but 
only the cuttingXyen.r som"ce was correlated with height. The re
l!ttion~hip between coumestl'ol content and height was also inconsistent 
at inc1ividuallocations (tables .A.17-A19). 



-----------

'l'ABf,E 9.-0hemical comp08ition of alfalfa by locations and cutting8 averaged over 6 varietie8, 1960 
-~ 

Coumestrol (p.p.m.) Protein (percent) Crude fiber (percent) ~ 
Location 

I5t cutting 2d cutting 3d cutting Avernge 1St cutttng 2d cutttng ad cutting Average 1st cutting 2d cutting 3d cutting Average ~ 
~ 

Cnlifornia ________ 31. 1 16.6 0.2 15.9 20.8 22. 1 20.3 21. 1 25.9 27.5 26.9 26.8Iowa ____________ !2l
98.4 124.2 217.6 146.7 18.5 19.4 22.5 20. 1 31. 2 26.5 26.3 28.0]{nnsns __________ 10.3 40.7 70.3 40.4 19.5 19.2 19.6 19.4 25.1 27.6 28.2 27.0 8~ebraskn________ 58.5 54.7 55.5 56.2 17.4 17.9 18.8 18.0 31. 5 32.2 31. 5 31. 7 

North Carolina___ 14.8 83.4 97.0 65.0 22.3 28.1 24.5 25.0 22.7 19. 1 23. 1 21. 6 ~ Pennsylvnnia_____ 98.5 79.0 96.4 91. 3 21. 5 18.4 18.2 19.4 29.9 30.6 25.5 28.7 t"lUtnh ____________ 3. 7 0 6.4 3.4 18.9 20.2 17.4 18.9 17.8 19.6 24.4 20.6 Ul 

~ 
Average______ 45.0 56.9 77.6 59.8 19.8 20.8 20.2 20.3 26.3 26.2 26.6 26.3 g 

o 
Ash (percent) Fat (percent) N-froo extract (percent) o 

!Z 
t;1C!l.lifornia ________ 10.4 10.7 10.3 10.5 3.0 2.6 2.8 2.8 40.0 37.1 39.7 38.910wa____________ !Z

7.9 7.3 7.7 7.6 2.9 2.9 3.2 3.0 39.4 43.9 40.3 41. 2 1-3
I{ansas __________ 11.8 11. 3 9.9 11. 0 3.5 3.2 3.2 3.3 40.1 38.6 39.1 39.3 
~ebrnska________ 9.5 9.8 9.2 9.5 3.4 2.7 3.0 3.0 38.2 37.5 37.5 37.7 o 

b.j 
~orth Carolina___ 10.1 9.8 9.5 9.8 3.5 4.0 3.4 3.6 41. 4 39.1 39.4 40.0
Pennsylvnnia_____ 10.4 8.8 8.7 9.3 2.9 3.1 3.2 3.1 35.2 39.0 44.4 39.6Utnh ____________ 11. 6 11. 6 11. 3 11. 5 3.9 4.2 3.5 3.9 47.7 44.4 43.4 45.2 ~ Avernge______ 10.2 9.9 9.5 9.9 3.3 3.2 3.2 3.2 40.3 39.9 40.5 40.3 ~ 

I--l 
~ 
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'l'.AllLN 10.-Pel'oentaqe Of '1'ochwtio-n,~ ,in sums of SqttC£'1'OS cltU3 to 'regres
sion (1'2) on coumest'l'ol conte'ltt f01' oel't(l'in souroes of 'lJaric£tion i:J~ 
(l'nalysis of 'l!W'i(ldWe of clwmical constit,ltents in 1960 fm'(I,ge. 1 (Bee 
table AS fm' mea:n s(ju(l1'es.) 

Source or \'1Ir111t1011 Protoln CruM fiber ! ,,\sh Flit N-rrco oxtrnct 
I 

Locations (L) ___ +16.8 ! -S\)o 7tt ** -12.1 -3.6 
Vnritlties (\') ____ -'12.6 +21. 8 -7.2 -23.5 +17.0 

+0.7 
VX L __ "_.. _____ 0 +15.!Jt * -.1 +8.7 -24. St ** 
Outtings (0) ____ +5.0 +51. 7 -!},7.2* -nil. 3 +31. 4CXL__________ -1- 50. L tt ** -10.0 +1.0 +0.6 -5.9exv__________ +n. G +24.Gt 0 -23.4 -31. 6t
OXVXL.____ ,._ +1.5 +.\l -1.7 -7.8 -.1.1 

I + or - = sign of r; t nnd tt = significant Ilt 5- and I-porcont lovols, 
rospeuth'uly, wiLh COllUlestl'o: lltied as 11 varinblc; * Illld ** = significant. at 5
and l-porcent levels, I'cspcotivcly, with coumcstrol used !IS x variable . 

.fL~soci(l,tio'l/. lVith Defoliatio-n.-Ooumestrol was signi(icn,ntJy and 
posit,ivt'ly GOI'l'oln.ted with ddoliat-ion fol' the following seven sources 
of mritUlce in tho combined analysis: Locations, varieties, varieties X 
loclttions, varieties X )'t'ars, cutt.iUf,TS X yea,!'s, eut.t.ing-s X ycarsX loca
tions, nnd cuttings X vltrieties X yen.!·s (table 12). These sources in
cluded those :found to be major sources of variance in coumestrol 
(table 4). Defoliation in these experimcnts probn,bly resulted pri
marily from leaf and stem diseases, which arc most serious under 
humid conditions. Leafhoppers also might have been u. factor. 

Thefit'st- and third-cutf'illg- forag-es in Utah in 1961 were higher in 
coume!it,rol Ihn,n 01111.'1' ruttings at this location and also had .lost more 
letwes (table A7). Defoliat.ion was not. serious for !tny cuttings in 
OtLlifornitt (table AI). Posit,iva relationships between coumestrol 
content fLnd dofol iation wit.hin cuttings nrc appn,rent in the 1960 and 
IH61 c1itta for the fi rs(; two J(n,nsns cuU ings (table A3), for the first 
and third cut;(.ings in Nebraslm (table A4), lmd for all three cuttings 
in Pennsyhrn.nia (table A6). 

J..Il.hontan avcraged highest and Du Puits and Vernal lowest in 
coumcstrol content and defoliation (table 11). Ranking of varieties 
ovor locations was the same when arranged according to cownestrol 
content, defoliation score, or expected reaction to foliar diseases. 

Association W~thillat1trit7l.-l\faturity scores did not vary greatly 
among the many samples of forn.ge mlltlyzed for coumestrol. Du 
Puits lwernged a little more mature at 111l.l'Vesttime than the other 
fOllr varieties Imd was lowest in coumestrol (table 11). On the other 
hand, first-cutLillg forage was scored less matme than either second
or third-cutting forage, but was hig]lest in coumestrol. Range in 
maturity of samples in this part of the st.udy was relatively narrow, 
Ilnd little information was gltlned by detailed examhmtion of the 
maturity score c11l.t!t. 
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Relationship of Coumestrol Content to Growing Conditions Shortly Before 
Harvesting 

.A"orage soil moisture and sunshine scores and teIll})emtures shortly 
before Iml'vest, ns shown in tltble 13, failed to show any association 
between coumestl'ol content of forage !Uld any eHyironmelltal con
ditions estimated. .Also, other kincls of datu. needed for critical deter
m.ination of these re.llLtionships were not obtained. The.refore, statis
tical dn,ta obbLinecl in this p!Lrt of t.he investigation were omitted. 

'.LWLl<J ll.-Co'wmest'l'ol oontent, height, defol'iation, and matt~rity of 
alfalf(L a1JenLged ove'l' 13 yea'l'S (£t (LlllocatiO'71.s, ervcept A.'mes, lo'wa 

l~'l' CU'rnNG 

I 

_____v_._\l"_lo_ty_____I_~o~lI_n!lS_tr_ol_.I--I-TC-ig-l-'t-_1.-D-CC-OI-lll-tlO-Il-I-l't-ln-t-ur-lt-Y_ 

.P.p.,". inch.. &0.. I &ore' 
Buffalo___________________ 74.4 25.2 2.0 1. 9 
Du Pllits__________________ 51. 4 '27.6 1. 6 2.0 
Lahontan_________________ 71. 4 25.3 2.1 1.8 
Rauger___________________ 72.8 24.2 2.0 1.!)
VernaL___________ . ______ 60.7 25.6 1.!} 1. 9 

Average______________ 66.1 25.6 1---I.-!}-I--l:7 
I 

20 CUT~l'lNG 

Blltrnlo___________________ 
29.2 23. 7 1.5 .2.0Du Puits __________________ 30.8 24.4 1.0 2.2

Ll\hontlUL_______________ _ 34.3 23.3 1.4 1.9Ilnnger__________________ _ 34.4 23.5 1.2 1.9\rernaL__________________ _ 28.3 22.6 1.0 1.9I 
Average_____________ _ 23.5 1.2 2.031. 4\ 

30 CU~"1'lNG 

Buffalo _______________ • __ _ 39.3 25.0 2.2 2. 1Du Puits_________________ _ 41. 6 25.8 1.9 2.4Lahontan________________ _ 57.0 24.1 2.8 2.2Ranger__________________ _ 'J .,43.2 23.5 2.1Yert1l\1.__________________ _ ~.O 

39.H 23.1 2.0 2.1 

Average_____________ _ 44.2 24.3 2.2 2.2 

AVERAGE OF 3 CUTTlNGS 

Buffalo___________________ 47.6 24.6 1.9 2.0Du Puits_________________ • 41. 3 25.9 1.5 2 .. 2 
Ltthoutl\ll _________________ 54.2 24.2 2.1 2.0Ranger___________________ 50.1 23. 7 1.8 2.0 
VernaL___________________ 43.0 23.8 1.6 2.0 

Average______________ 47.2 24.4 1.8 2.0 

I From. 0 to 7, representing 0- to 70-percent or greater defoliation, respectively. 
: l=lnte-bud stage, 2=Ho-bloom stnge, 3=}~bloom, and 4=full bloom. 
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TABLE 12.-Pe'l'centage of 1'ed'ucUon in sums of squares due to regres
sion (l.:l) on coU1nesb'oZ content for C81'tain SO'll'J'ces of va'riat'ion -in 
cO'Inb?:Jted a.nalyses of wZ'I'iance f01' height a:nd defoliation,) (See 
tabZe Alfl.) 

SOIm'\) or \'lIrlllt!OIl llu\ght DQro\lIlt\OIl 

Locatiol\S (L). ____________________________ _ -13.0 +81. 4tt * 
llcp1icutiolls illlocl~tio' 'l (n. (L)) ____________ _ ·-.6 -.1 
Y~!ars (¥) XL_. __ ._. __ - ______________ - ----- -36.9 -8.0YXR CLL.__ . _____________________________ \ o o 
Varietil's (V) ________ ------------------ _____ 1 -24.3 +9\). ott ** VX L __ .• ________________ --- -- ________ ----VXY._. _________________________________ _ +12.6* +30. 4tt * 

+2.8 +76.4*VXYXL__ , _________ • ___ • ___ - ___________ _ -1.5 +.2
VX It (LL__ .. _____________ • _____ • -- -_ ----  +.1 +.1VXYXu. (L) . ___ • ________________________ _ -.3 -2.6OuLtin!:,'!! (0). __________________ • ______ .. - __ +28.4+100. ott ** OX L •• _..• _______________________ -- _-- ---  +44.3 * +2.6
Ox y , .... _____________ -_ - ___________ - _____ _ -97. 9tt ** +100. ott ** OX Y X L ____ • _. ___________ •---- -- ________ _ -10.4 +40. 7t * eX v __ , ______ •__________________ -_ -- ---- -31. 8* +10.5
OX V X L. __ " _. _. ______ •• ________ - ___ - - - -  -16. 2tt ** +4.7OXVXY___ • _____________________________ _ 

+5.6 +36.7* 

Ox VX YX .L. - - - --- -- ---------------------1 +1.8 +6.7 


1 + or - =sign of ri t und tt=significunt ut 5- and I-pcrcent levels, respec
tively, with coumestrol as y vm'iublci * and ** =signifiClmt at 5- and I-percent 
levels, respecLively, with coumeshrol us :z: variable. 



TABI.JE l3.-Soil moi8tu?'e, sumhine, and temperatu7'e8 1 8hortly befm'e hm'Vesting alfalfa 8ample8 at ~o-blomn 8tage 

1000 1001 

Location lind cutting 
Sol! moisture Sunshine Maximum Minimum 

I 
Soli moisture Sunshine Mnxlmum Minimum 

California:Ist____________________2u ____________________ 
3d. ___________________ 
4th____________________ 
5Ul____________________ 

Iowa:1st____________________ 
2d ____________________ 
3d ____________________ 

Kansas:Ist____________________ 
2d ____________________ 
3d_____________________ 
4,th____________________ 

&ore 
a.o 
3.0 
3.0 
3.0 
3.0 

3.0 
2.0 
3. 0 

3.0 
3.0 
3.0 
3.0 

,Scort 
1.0 
2. 0 
1.0 
1.0 
1.4 

----------- ... ---- ... -
---- ... ---

2. 0 
1.8 
1.2 
2.2 

temperatur~ 

.-
OF. 

73.0 
79.0 
92.0 
91. 2 
92.8 

77.0 
91. 0 
90.0 

74. 2 
89. 8 
87. 6 
83. 2 

temperllture 

of. 
44. 0 
51. 0 
52. 0 
51. 6 
55.4 

56. 0 
68.0 
67.0 

52. 6 
68.2 
68.4 
53.0 

temperature temperature 

Score &ort of. o Ji'.. 
2. 7 3.0 77.6 52.4 
3.0 1.8 89.8 54.8 
3.0 1.0 92.6 53.4 
2.7 1.0 89.8 51. {3 

--- ... ----- ---------- ------------ -----------
3.0 .. -------- 89.0 68. 0 
3.0 -- .. _----- 76.0 6:' 0 
2. 0 __ H _______ 86.0 62.0 

3.0 1.6 86.8 59.4 
3.0 1.0 96.4 70.8 
3.0 1.6 92. 2 72.6 
3.0 1.0 83. 8 53. 8 

<:::
::a 
~ ;..:: 
o 
Z 

z 
(') 

~ 
Ul 

~ 
o 
t" 

Nebraska:1st____________________ 
2d____________________ 
3d ____________________ 

North Oarolina: Ist____________________ 
2d____________________ 
3d____________________ 

, 4th____________________ 
Pennsylvania:1st____________________ 

2d____________________ 
3d ____________________ 

Utah:1st____________________ 
2d____________________ 
3d ____________________ 

3. 0 
3. 0 
3. 0 

2. 0 
3.0 
3. 0 
3. 0 

3. 0 
3. 0 
1.0 

1.0 
2. 0 
1.7 

1.2 
4.0 
2.2 

1.0 
2. 0 
2.0 
2. 0 

2. 0 
2.0 
1.0 

2. 0 
1.0 
1.0 

89.8 
84. 8 
84.4 

74.0 
81. 0 
92.0 
82.0 

07. 0 
82.0 
82.0 

77.0 
98. 0 
87.0 

60.4
63.2 
65. 8 

42. 0 
62. 0 
03.0 
64. 0 

52.0 
60. 0 
63. 0 

53. 0 
59.0 
48. 0 

3. 0 
3.0 
3.0 

2.0 
2. 0 
2. 0 
2. 0 

2.0 
3. 0 
2.0 

3. 0 
2.8 
3.0 

3. 2 
1.0 
4.0 

4.0 
2. 0 
1.0 
1.0 

1.0 
2. 0 
1.0 

1.0 
3. 0 
2.0 

87.0 
89.2 
81. 4 

86.0 
80.0 
88.0 
90.0 

80.0 
82. 0 
88.0 

80.0 
88. 0 
82.0 

00. 8 
75. 0 
64. 8 

00.0 
59.0 
04.0 
64.0 

fi8.0 
68.0 
02.0 

45.0 
58.0 
55.0 

(') 
o 
~ 

~ 
Z 
8 

o 
~ 

~ 
~ 

~ 
~ :> 

t...:l 
!-' 

1 For method of recording data, see p. 5. 
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VARIATION INCOUMESTROL CONTENT AS AFFECTED BY 
GROWTH STAGE 

Materials and Methods 

In n. separate experiment, broadcast plots of Buffalo and Ranger, 
5 feet wide and 20 feet long, were planted in fom' replications at 
Lincoln, Nebr., lUld Davis, OaEf., to study the effect of growth stage 
on comnestrol content of aIfalfa. To avoid residual effects of clifferent 
harvest dates on performance in subsequent cuttings, separate plots 
were estn.blished for each cutting. Each plot was harvested in six 
parts, the iirst when growth was 10 inches leigh. The other fiye parts 
were luuTested successively to obta.in s:unples in the following addi
tional stages of growth: Bud, l!J.o bloom, full bloom, and 10 and 25 
days after fun bloom. '1'11e six b'1.·owth-stage treatments wit.hin variety 
plots OCCUlTed in a fixed order from earliest to latest to permit progres
siye harvesting of successive growth stages without mechanical diffi
culties. Thus, each plot was subdivided and sampled only once in a 
season i plots not receiving a differentia] cutting treatment ·were rou
tinely halTested at. the lAo-bloom stage. 

Agronomic and coumestrol data were obtained on all plots in 1960 
and 1961. In 1961, repli~ttion 1 was combined with 2, and 3 with 4: 
foe coumestrol determulation. As ill the ~ho-bloom phase of the 
study, only samples obtained in 1960 were subjected to general feed 
analyses. 

Because samples from Oalifornia and Nebraska differed markedly 
in average coumestrol content in 1960, :t third set of Buffalo and 
Ranger plots was established at University Park, Pa., in 1961 to obtain 
slunples at the six growth stages. 

In other respects, the stage-of-growth investigation was conducted 
in the same manner as the lAo-bloom-stage inyestign.tion. 

Results 

OOlUnest.rol, protein, and fiber dltta obtained in the stage-of-growth 
phase of the study nre given in figures 1-4. 

Coumestrol Content 

Mean squares for stages of growth and some interactions were 
signifi~tnt at the three locations, as shown in table 14:. In Nebraska, 
varieties tended strongly to differ in cournestrol content, but the differ
ences were not significant (table 14: and fig. 2) . 

At each cut.ting and location, coumestrol content usually increased 
with sllccessive stages of growth and reached a maxim urn 25 days after 
full bloom,ilie most mature shtge llUrvested (fig. 1). Ooumestrol 
content averaged over cuttings increased with successive stages of 
growth in Nebraska and Pennsylvania. (fig. 2). However, in Oali
fornllt it was highest 10 days after full bloom. It was consistently 
lower in Califorllia than in Nebraska or Pennsylvania (figs. 1 and 2) . 
c.onmestrol conh,nt averaged oyer stages of growth for three cuttjngs 
n.t eaeh location is given in table 15. 
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F1GURE 1.-COUlllel:\trol content of Buffalo and Ranger alfalfa at six stages of 
growth Ilnd three cuttings averllged over varieties, Davis, Calif., Lincoln, Nebr., 
and University Park, Pa., 19GO and 1001. 
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FIGURE 2.-Coumestrol content of Buffalo and Rangel" alfalfa at six stages of 
growth averaged o,er cuttings, Davis, Calif., Lincoln, Nebr., and University
Park, Pa., 1960 and 1961. 
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FIGURE S.-Coumestrol, protein, and fiber contents of Buffalo and Rauger alfalfa 
at six stages of growth averaged over varieties, Davis, Calif., 1960. 
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FIGURE 3.-Coumestrol, protein, and fiber contents of Buffalo and Ranger alfalfa 
at six stages of growth averaged over varieties, Davis, Calif., 1960-
Continued. 
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FIGUUE 4.-Comnestrol, protein, and fiber contents of Buffalo and Ranger alfalfa 
at sb: s.ages of growth averaged over varieties, Lincoln, Nebr., 1960. 
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TABLE 14.-Mean 8quO)1'es /,rorn analy8es of Va7'iance of comnestrol 
content of Buffafoand Ranger alfalfa ha7'Vested at 6 8tages of 
g1'Owth and 3 cocatiO'n8 1 

d.C. Cor CallCorllla ' Nebruska d.C. Cor Pennsylvania'
Source 	 OllllCornla and (1000 and (1Il00 and Pennsylvanln (1961)

Neb=ka 1001) 19tH) 

TotllL ____________ _ 	 58 _________ _143 

Repliciltions (R)_____ 1 149 566 1 454 
Vurieties (V)-------- 1 0 27,5-12 1 126
Error 11____________ 1 .25 226 1 1,591
Yeurs (Y)_____ _____ 1 888 115,458 ____________________ 
YXV__ .___________ 1 18 5,669 ____________________ 
Error b____________ 2 61 572 ____________________ 
Cuttillb'8 (C)_____ ___ 2 9,286 1,035 2 18,242 
CXV______________ 2 58 2,974 2 2,563
CXY___________ -__ 2 3,038* 12,165* ____________________ 
ex VX L____ ______ 2 31 270 ___________________ _ 
Error c_____________ 8 86 1,559 ___________________ _ 
Stages (8)__________ 5 6,065 158, 69~1* 4 46,622** 
SXV______________ 5 H 6,8tO* 4. 2,863
sX y _ ___ __________ 5 2, 389** 19,425** ___________________ _ 
Sx VX Y.. _______ ___ 5 15 1,302 ____________________ 
SXC______________ to 3,900* 3,851 8 9,217** 
SXCXV___________ 10 63 1,167 8 897 
SXCxy___________ 10 1,17<1** 6,407** ___________________ _ 
SXCXVXy.______ 10 26 462 ___________________ _
R XSX V _____________ .. _________ ••______ __________ 4 498 
Error d ,___________ __________ 118 927 __________ 461 

I * and **=signifieant at 5- and I-percent levels, respectively. 
2 Computed with 2d, 3d, and 4th cuttings because data from 1st cutting were 

incomplete. 
I lO-inch stage not included in analysis because data were incomplete. 
• Degrees of freedom for error were U!i follows: Culiforniu 57, Nebraska 59, and 

Pennsylvuniu 23. 

l\\BLE 15.-0oumestrol content of Buffalo and Ranger alfalfa at /) 
locatio'n.'J and 3 cuttings ave1'aged over stage8 of growth, 1960 (]ITI.d 
1961 1 

1960 CUTTINGS 

Location 	 1st 2d 3d Average 

P.p.m. P.p.m. P.p.m. P.p.m.
California_____________________ 16.8 0.5 27.8 15.0 
Nebraska_____________________ 116.3 131. 9 108.1 118.8
Pennsylvarua_________________________________________________________ _ 

1901 CUTTINGS 

California____________________ _ 3.6 17.0 39.3 20.0Nebraska____________________ _ 72.9 39.0 74.5 62.1Pennsylvania_________________ _ 156.4 136.6 97.0 130.0 

12d, 3d, and 4th cuttings for Cnlifornin arc shown under 1st, .2d, nnd 3d 
cuttings, respectively, because nll stages wore not obtained in the 1st cutting of 
1960. 
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The. 10 highest COlUnestrol values, u.yer~o-ed over replications, ob
tabled for Imy stuge of growt.h within varieties, cuttings, years, and 
locations are given in table 16. The stage of growth for each was full 
bloom plus 25 clays, except for the lowest value, which was obtained at 
full bloom plus 10 dILYS. 

TABLE 16.-Ilighest Gowme8t?'ol 'vaZ'ue8 obtained fo]' B'uffaZo and 
Range?' alfalfa at 3 cl6tting8, ~ yean, and 3locat'wn8 

Coumcstrol (p.p.m.l VarIety Cutting Year Locallon 
-
429.2__________ ~ Ranger___________
349.0 ___________ _____ do___________ 2d 

1st 
1960 
1960 

Nebraska. 
Do.336.8___________ ~do 

3d 1960 Do.323.0___________ Buffalo ___________ 2d 1961 Pcnnsylv!min.318.0___________ Hanger___________ 3d 1961 Nebraska.BuITalo___________304.0__----- __ ._ 2d 1960 Do.295.5___________ Hanger___________ 2d 1961 Pennsylvania.264.2___________ Buffalo___________ 1st 1960 Nebrtlska. _____ do___________254.0___________ 1st 1961 Peunsylvnnia.
245.2___________ Rauger___________ 3d 1960 Nebraska. 

Relatio~ship of Coumestrol Content to Other Chemical Constituents 

In N ebl'llsku, increases .in cOlll11estrol content associated with succes
sive stages of growth were accompanied by increases in cmde fiber and 
decreases in protein contents (fig. 4). These associations were con
sistent for ineli\Tidu:tl cuttings as wpJl as for cuttings combined. The 
slight incrense in protein content at the lust growth stage in the second 
cutting wus due to axillary bud growth. In Oalifornia (fig. 3), gen
erally coumestrol was negatively associated with protein content and 
positively a ..."Sociated with fiber content, but the associations were less 
consistent than in Nebmslm. .Also, fiber and cOllllestrol contents did 
not reilch ns high levels IUlcl protein as low levels as in Nebraslm. 

Conmestrol content WIlS negatively associated with ash content in 
N ebrnskn. (mel GILlifornin.. 

At both 10ciLtions, nitrogen-free extract increased from the 10-inch 
to 'the bud shlge. In Nebmska, nitrogen-free extract was frudy con
stant after the bud shlge. In Oalifornia, nitrogen-free extract content 
WlLS fairly constant from the bud through the full-bloom plus 10-day 
stuge, then increased at the last stage. Thus, there was no consistent 
reln.tionship between nitrogen-free extract and coumestrol contents. 

Relationship of Coumestrol Content to Plant Height and Defoliaticm 

Height incren_~d with successive stages of growth at each of the 
three locations. Increases in height were greatest from t.he lO-inch 
to the Y!o-bloom stages. Thus, height and coumestrol content tended 
to be associated. 

Ooumestrol content and defoliation were positively associated in 
Nebraska. Defoliation gradually increased from zero at the lO-inch 
stage to about 70 percent at full bloom plus 25 days in all varieties, cut
tings, and years in N ebrnska. 
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EFFECT OF LIGHT INTENSITY ON COUMESTROL CONTENT 

This was n. preliminlLry experiment to determine whether sh!tcling of 
uJfalfn. might ineremle conmestrol content. The study was conducted 
in 1961 iLt Loglm, litn,h, Itfter len,ruing that the 1960 samples from 
Fbth and Califol'nia were extremely low in conmestrol content. 

Materials and Methods 
Two plots each of Lahontnn and Ranger seeded in the fall of 1959 

were shaded incli \ridually with cages after the first crop had been 
harvested. Comparable plots of each va.riety were left unshadecl. ! 

This ttl'rangementproyided two replications of vtl-riety Itlld shading 
treatments in the second cutting. Frnmes for cages were 4: feet high, 
5 feet wide, and 9112 feet long, and were constructed from lh-inch 
zinc-coated conduit. The shade cloth covering the frame was of Lumite 
material, which reduced light intensity by about 72 percent. 

Sections of each plot were successive1y harvested to give the six 
~ro\\"th stages (prebud to fun bloom +25 days) used in Neorllslm, Cali
lornia, and Pennsylvania. Begiuning and ending harvest dates were 
Juno 30 and August 21, respectively. The procedure for handling i 

samples for cOllmestrol c1ctermintLtion is described on pnge 6. 

Results 
COllmestrol content ranged from 3.0 to 12.0 p.p.m., as shown in 

table 17. A.\'(wage contents for shaded and unshaded plots, a.veraged 
over the six stnges of o-['owth, were 7.4: and 5.7 p.p.m., respectiYely . 
.Allltlysis of \'ariance indicatecl that effects of stage of growth, variety, 
ancl shacling on coumestrol content were not significant. 

TAlH,E 17.-Coll'1ne~f1·ol content of second clttting of Lahontan and 
Rangel' alfalfa, g7'Oli'n '1l'ith mul without shade, Logan, Utah, 1961 

stage 01 !(rcwtll nnd variety Shaded Unshnded I Average 

P,1),1II. P.1,.11I. P.p.lII.PrebL~~ilOntnn~______ -- _--. ______ -- -- -- _--I 4.5 G.O - '>
Rnnger ___ , ______ • _. ________________ D •• 

Average' _______________________ , 5.0 6.5 5.8 
4.8 6.2 

Earl,\' bud: ____________________________ I 
5.5 

Lnhontnn 1 
8.5 3.0 5.SIRang('r____________________________ -_ t I7.5 3.5 5.5 
S.O 3.2 5.6E!\rly blo~l~~rnge---. -- -" ---- ------ -- -----1

Lnhonttlu___________________________ 
6.0 3.0 4.5Hunger_____________________________ 7.0 4.0 5.5Averngc.. ______________________ -_ 6.5 3.5 5.0 


Full bloom (FE);
Lahontan____________________• ______ 6.5 3.5 5.0Hnnger__________ ----- ______________ 1 6.5 5.0 5.8Avcrngt' _______________________ -1 6.5 4.2 5.4 

FB +i:~l~~~~~n__________________________ I 
 12.0 8.5 10.2 

Rtlngl'r------- --------- ______________1 3.5 D.- ,)r: 4.5A \·ertlge _________________________ 7.8 7.0 7.4 
FB+25 dllYS: ' L.hontnu____________________________ 10.0 11. 5 10.8H,nnger _____________________________ 12.0 S.O 10.0Av('rnge ________________________ 11. 0 9.S 10.4 

Grund Ilvcrngc:Lnhontnu__________________________ 
7.9 5.9 6.9Hllngcr __________________________ --I 6.9 5.4 6.2Avernge _________________________ 7.4 5.7 6.5 

i 
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RELATIONSHIP OF COUMESTROL CONTENT TO FOLIAR 
DISEASES 

Regression IUlllolyses showed a consistent positive reltttionship be
tween coumestrol content and degree of defoliation (p. 18). In con
trolled environment studies (f7) coumestrol content wus low regard
less of the environmental variabie, but increased sharply when foliage 
was infected with either of two pathogens. A cause and effect rela
tionship between folillor diseases and coumestrol content was indicated. 
In this pltrt o:f the study conmestrol determinations were made at 
Brookings, S. Dltk. 

Effect of Fungicidal Control of Foliar Diseases on Coumestrol 
Content 

Materials and Methods 

In 1963, after removal of the second hay crop from a 3-year-old 
Geld of RIUlger nJfalfa at Brookings, a plU"t of the field was divided 
into aight plots, 10 by 10 feet, ltnd used for an experiment to deter
mine whether control of foliar diseases reduced coumestrol content. 

An nqueous solution of Dithaue M-45 WIlS applied with a hand 
sprn.yer, according to n procedure described by Banttari et al. (5), 
to four plots selected n.t rundom. Spray applications were made at 
7-dlloY intervals and usually Riter ench min. They were begun on 
July 29, when growth of the third crop wns 6 inches high, and dis
continued on September 12, when the alfalfa was 9 days past full 
bloom. Sprn.y applications conttloined 0.56 pound of Dithane M-45 
IUld 50 and 120 ml., respectively, of Tween 21 and Plyac per 100 gallons 
of watm' to promote wetting and sticking. Rate of application was 
120 gltllOIlS of :fungicide solution per acre. The four other plots were 
used IlS unspru.yed checks. 

Each of the eight plots WIlS divided into four parts to permit har
vesting ll.t four stages of growth--early bud, one-tenth bloom, full 
bloom, ll.nd full bloom plus 10 days. Height of cutti.ng was :3 inches. 
Len.yes and stems were separated, (LIld an Itliquot of each sample was 
taken for moisture determilllttion. Tissue for coumestl'O] extraction 
was plncec1.in 4-ounce jars containing 67 ml. of 100-percent metilanol. 
Leaf and stem tissues were extracted for 3 days and aliquots removed 
for analysis ns described by Livingston et al. (f6). Four separate 
qultntit.'l.tiYe determinations "were made on tile extract for each sl1Illple, 
averaged, and expressed as parts per millio.D on a dry-weight basis as 
in the entire study. 

Results 

Ablmclaut inoculum on stubble of the second crop apparently caused 
hettYy foliar infection in untreated plots. The principal leaf patho
gens were common leaf spot (Pseudopeziza medicaginis (Lib.) Sacc.), 
rust (Vromyce8 striatus Sclu·oet. val'. medicaginis (Pass. J Arth.), 
and C(?;1'cospol'a leaf spot (Oerc08pOl'a aebrina Pass.). The )ast also 
cI1used extensive stem blackening beginning about the full-bloom stnge. 
Rust did not become prevalent until the full-bloom stage. 
~~ 
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Defoliation and disease symptoms were much less severe in sprayed 
than in unspmyed plots, indicating moderately good disease control 
in sprayed plots. At the full-bloom stage, defolin,tion in sprayed plots 
WtlS limited to the lower 5 inches, whereas defoliation occurred in the 
lower 10 inches of unsprn,yed plots. Ten duys lI..fter the full-bloom 
stage, no further defoliat.ion 11nd occurred in the sprayed plots, but 
the lower 12 inches of unspruyed plants were completely defoliated. 
Pll1ut height for the four stages of growth mnged from 18 to 22 inches. 

Differences in coumestrol content due to spray treatment, stnge of 
gt'owth, aneI pltmtpnrts were statistically sibTllificn.nt. Coumestrol 
content of leaves and stems in unsprnyed 111£111fl1 increased witi} suc
cessiVE) stages of growth, but tile greater increase occurred in the stems 
(fig. 5). The latter !1,ppeared to 'be related to Om'oospom zeb-ri11.((' in
-faction, which chn,rncteristica1Jy nttncks leaves before stems. Also, 
defoliation of se\rerely infected lenxes might luwe caused coumestrol 
content of letLVes remaining on the plll.lltto be comparatively constant. 
Coumestrol content of sprayed plots wns relatively low and COllStlUlt 
over stuges of growth. Coumestrol contents for sprnyed nnd un
spmyed plots averaged over stnges were 28.9 and 72.9 p.p.m., res1)ec
tively. On the lust sampling date, stems and leaves from sprayed 
plots Iwemged 28.6 p.p.l11. ns compnred wit.h 103.3 for unsprnyed plots. 

120 r-

SOUTH DAKOTA ./ Fungicide
./ nol100 - Leaves - - ./E SIel11s -- Applieda. ./ 

a. ~- 80 f ...J ./ 
/'0 /'

0::: ./

I- 60 r- ./

U) /'

W /' 


~ ..- ..
~ 40 
0 .,....- -- ------- • Fungicid1! 

AppliedU --- ..- ..
20 - --
O~______~~I______~~I~.------~~--

Early bud One-tenth Full blool11 10 days 
blaol11 (FB) after FB 

STAGE OF GROWTH 

FIGURE 5.-Coumestrol content of leaves and stems of alfalfa cut at four stages 
of growth. with and without fungicide applications to control foliar diseuses. 
Brookings. S. Dnk.• 1963. 
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Effect .of Some Foliar Pathogens and Insect Pests on Coumestrol 
Content 

This parI; of the study wus concerneel largely with greenhouse ex
periments conducted in 1963 on the effect of spe~ific pathogens and 
lIlsect pests on coumestrol content. 

Materials and Methods 

Severalo.lfnJfa clisensf' specialists were requested to inoculate lwfnJfa 
with specific pn,thogells to obblin samples for comparillg coumesh'ol 
contents of diseased allclhealthy iomlTe. The pathOI!CllS, Cllusal aITents, 
and locations o:f the work ,"ere us follows: Spring blackstem (pryw11la 
nC'l'ba'r!Ulb "Yest. val'. medwag'inis Fcld.) at University Park, Pa. i 
common leaf spot. (PSe:tltlo7}eziz[l. 71wtlicagirnis (Lib.) Sacc.) at Ulli
versity Park and at St. Paul, ~luul. j LeptosphaerttUna lenf ~ot (Lep
tosphae'l"ttZin(£ ol'iosiana (Poll.) Gra.hu.m &; Luttrell) at University 
Park n,nd St. Paul i Stemphyliunn leaf spot (Stemphyz.i'u,1lb OOb,!!08'll7n 

"Yallr.) at Universit.y Park; nnd alfalfa yellow mosaic virus nt St. 
Paul. The Jirst four nre fungi. They cause leaf SpottUlg and defolia
tion, and some of them l\.1so produce stem lesions. The virus disease 
symp~oll1 is leaf mottling; All these pathogens may cause yellowhg 
of foliage and stunting. 

Similarly, n.lfltlfa was infested with the pen, aphid (AcY'I'thosiphon 
pi8'l.lll'n (HlLI'ris) ) nnd the spottedalialia a,phid (1'herioaphi81naaulata 
(Bucldon» to determine the effect of insect infestation on coumestro] 
content. 

Each of these studies was conducted in a greenhouse IUld a sinITle 
field experiment followed. ..Alfalfa varieties and clones difIerentia'fiy 
a1Iected by disease and insect damage in a Held nursery at Beltsville, 
Md., were chosen for study. They obviously differed in quality of 
forage. Damage was caused by rust and the potato leafhopper (Em
pO{Mca faoae (Harris». The alfalfa lines also differed in extent as to 
which sll,prophytic orglUlisms lllld entered leaf tips suffering from 
potato leafhopper Uljury. Im"asion caused slUTOtmding tissue to turn 
black. Six varieties ILnd clones representing a rlUlge in damage were 
scored and sllJIlpled for coumestrol determmation on September 23, 
1963. The last previous mowing of the plots was on August 11. 

Plants growing under similar conditIOns except for the disease or 
insect di.fferent.irLl imposed are referred to as a "set." Plants within a 
set were llSUally sllJIlpled in duplicate or triplicate. Samples were 
preser\yed in methanol iLnd seut to Brookings, where coumestrol deter
minations were made ns described on page 6. 

Results 

Effects of pathogens and insect pests on coumestrol content of for
age. are shown in tables 18-20. Oomparisons should be limited to data 
witJlin sets because emrironmental conditions lUlel stages of growth 
differed between sets. 
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1'ABJ;E IS.-Effect of 5 foZiar pathogen.':! on ooumeat1'ol content of alfalfa in gr'eenhouae experimenta, 1963 

I I 
i 

('oumeslrol contr nt 

Set No. Location Pathogen Alfulfa varIety Stage of l'art of foliage 
or clone growth analyzed Inoculated U~!Ilthy ~ 

with .check 
jlathogen ~ 

I P.p.lIl. 

., 

P·ll.m. ~ 
Buffalo _____ Prebud _____University Park, Pa ___ Phoma herbarllm var. medicayinis__ Whole_____ { 219.1 1-------- 0 ~ 

2________ _____do_______________ ___ do_______ ___ do_______ { 181. 9 1. Z
Pseudopeziza IIICliicayinis _________ }{ bloom ____ 59.5 0 .....

74.2 0 c.; _____do_______________3________ Pselldopeziza medicayillis _________ VemaL ____ Prebud_____ ___ do_______ { 33.2 0 c:.o 
48.4 (J c.: 

4________ ___do _______St. Paul, Minn ________ Pscudopeziza mcdicayint's ___ ______ Clone H.-5._ Full bloom_ n. 1 2. !) q5________ University Park, ]'a___ Lcptosphaer1l1ina briosiano ________ VernaL ____ Prebud _____ ___ do _______ { 0 () 
fJl0 0 

{WhOlr_____ ao. 8 0 I::l6________ St. 1)aul, l\finn ________ Leplosphacrulinll briosillllll ________ Clone R-5__ Late bud ___ Leaves_____ 84. !) 0 t'.1
Stems______ "tI0 ()7________ University Park, Pa ___ Slemphyli1t.1/1 botnJo81lnt___________ Bufflllo_____ Prebud _____ Wholc _____ { 30.0 0 !-3 

41. 5 ()8________ St. Paul, Minn ________ Yellow mosaic virus ______________ Clolle R-5__ !~ bloom____ ___ do _______ { ~0 0 
0 0 :>

{WhOle_____ 29. 5 19. o o9________ _____ do _______________ _____ do_________________________ Ranger_____ Ho bloom___ Leaves_____ ~32.7 ----- .....Stems______ a18.8 .. ---
_.._ ~ 

g 
t'.1 
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TABLE 19.-Effect of pea aphid and spotted alfalfa aphid infestations 
07/' COWlne8trol G07~tent of alfalfa clone 50-1'1366, ]l1anhattan, Kans., 
'in greenlunUJe experiments, 1965 

Counwstrol content 

S<lt No. Iusect pest St!l~e of nlfulfa growth 


Infested Not Infested 

P.p.m. P.p.m.
1. _____ P!)a aphid ________________ 125.8 78.8 

199.2 90.2 
2 .. _____ Spotted alfalfa aphid_______ }io bloom_______ 101. 9 32.4

Bud__ ---------1 
201. 0 53.8 

TABLE 20.-0oumestrol content of field-grown alfalfa 'Varieties and 
clones, 'representing wide range of disease and insect damage, Belts
ville, Md. 

Clone or vurlcty Rust I Saprophyte 2 CoumestrolLeaIbO~yellow g I content 

I &ore &ore &ore PoP·""
Clone B W 1\)___ -- -- -- ___ 2 I 5 5 119.2
Lahontan_______________ 1 - ! 3 4 91. 7
Atlantic_______________ _ 4 78.5
Clone BW17 L __________ 1 ~ I gI 1 49.9 
Williamsburg.____ . ______! 3\ 2 I 3 43.7\'enulL_________________ , 21 ; 1 

1 
. 26.5 

! I 

I 0=110 damllge; 5",-'severe damllge. 
2 O=no visible O\'jdence of sllprophyte; 5=e.'\.-tensive blackening of leaf tips, 

indicnting invnsio.n of sllprophytes iuto nrens damaged by potato lenfhopper. 

P'ungL-Infection by each of four flUlgi !rellerally caused a marked 
inc.rcnse in cOlUllestrol content (table 18). The only inconsistency was 
found in saUlples inoculated with L. oriosiana. Samples from Uni
n~rsity Pn.rk were from plants only 3 to 6 inches high in the vegetative 
stage. The absence of cOlllllestl'ol in these samples may have been due 
to fhe early stnge of ~l'owth, because infected samples from a later 
l:ltn.ge of growth at St.l n.uI contained cownestrol. 

Highest coumestrol content was found in samples infected with p. 
he1'barllJln val'. 'l1wduXLginis from University Park; infected samples 
eontained ItIl llvernbT8 of .200.5 as compared with 0.7 p.p.m. for the 
healthy check. Oownestrol was detected in only 2 of 17 healthy sam
ples (all pathogens considered). 

TTi1'1t.8.-Coumestrol was detected neither in virus-infected nor in 
healthy pln.nts sampled in the first. set (table 18). However, in. the 
second set obtained from the same source several months later, coumes
trol wus iOlUlel in the healthy HS well as the infected plants, but a 
greater amount was fOlUlel in the infected. Absence of virus inhealthy 
plants was not verified. 
ApMd,~.-Infestation by the pen Itphid and the spotted alfalfa aphid 

increased the COllmestrol content (table 19). However, noninfested 
plttnts contained It sizable. quantity of coumestrol, which was unex
pected. Infested and l)oninfested plants were judged to be free of 
fuugnlpn;thogens, but they hnd been infested with aphids 40 days 

http:l:ltn.ge
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.pl·eviously for another study. Although the old infested growth had 
been removed, it is possible tlUtt coumestrol could have been trans
loe:~ted into regrowth. 

lVi~;celZany.-The six varieties and clones sampled in the field plant
ing represented a rn.nO'e of foliar dam~ue in the planting. When they 
Were arranged accor&g to comnestrol content, they were in approxi
mate order of average score for rust, invasion by saprophytes, and 
le:\fhopper yellowing (table 20). This ranking also appeared to .be 
n pproximate for forage quality; the top-ranking entrv was the poorest. 
The principaJ exceptIon was clone BW171, which riinked one or two 
places higher than expected. Coumestrolcontents of the three high
est and three lowest entries averaged 96.5 and 40.0 p.p.m., respectiVely. 

Effect of Aerobic and Anaerobic Storage Conditions on 
Coumestrol Contant 

Since infecting alfalflt plants in the field or greenhouse with foliar 
pathogens increased coumestrol content of the foliage, a question of 
primary interest was whether coumestrol content of these infected 
plants would be increased after harvesting and storage. 

Materials and Methods 

.A.n experiment was made to determine the effect of aerobic and 
:~aerobic storage 011 the COtlllestrol content of fresluy cut alfalfa 
forage. Lightly and heavily diseased forage was stored at 380 and 
R5° F. Humid conditions 'were used throughout. Aerobic conditions 
simulated lllfavorable field-curing conditions, which would normally 
result in development of molds and decomposition. Anaerobic con
clitions might approximate those generally associated with silage 
product jon. 
. Two 3-year-old fields nt Brookings, S. Dale, of Ranger alfnlfa tlnt 
differed ill seyerity of foliar disease infection were harvested in late 
August 1963 to obtaiu samples for storage. Alfalfa in the first field, 
cut last Oll July 15, 1963, was in about the %-ibloom stage, 23 inches 
iaIl, lUld heavily infected by foliar pathogens caused predominantly by 
Ps&!tdopcziz(]' 'lllcdiaagini'J and Oeraospom zeo1ina. Alfalfa in tile 
::;econd field, cut last on July 29, 1963, was in the late-bud stage, 20 
inches tall, and nearly free of foliar diseases. ForaO'e in each field 
wns cut at mower height and chopped into 2-inch 1engths with a 
papercutter. 

Forage was obtained from the first field on August 27 for aerobic 
::;tornge. About 125 grams of chopped forage were placed in each of 
.24 perforated cellophane bags. Half the bags were stored at 85 0 F. 
Rnd the remainder at 380 On August 29, 24 more samples were ob• 

tained from the srune field and placed in I-quart mason jars for 
anaerobic storage. To attain the latter, jars were evacuated with a 
rll.cuum pump, £lied with nitrogen, and reevacuated. Similarly, 
samples from the second field wereharvested.andstored on correspond
ing dates. Thus, eight combinations of treatments were obtained from 
storing lightly and heavily infected samples under aerobic and 
Ruaerobic conditions at two temperatures. Also, 12 samples were 
stored for each of the eight treatment combinations to determine the 
etrect of time in storage on coumestrol content. 
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Coumestrol determinations were made daily during the first 4 days 
-of storage and on alternate days during the remaining 14 days ofthe 
experiment. A.pproximately 90 grams (wet weight) of each sample 
were placed in an 8-ounce, screw-cap jar containing 140 ml. of 100
percent methanol for extraction of coumestrol. Coumestrol content 
was determined as given on page 6. 

Results 

Coumestrol content of freshly cut alfalfa from the heavily infected 
field ranged from 70 to 83 p.p.m., whereas fresh samples from the 
lightly infected field ranged from 16.5 to 17.5 p. p.m. (fig. 6). 

140 

AEROBIC ,E 120 I,
a. I \ S5°F.---
a. I 

,I- 100 ,,-.J 
o I 

a:: SO ~ .. 

I- \ ~ Heavily Infected 

(f) 
W 60 \ ,,~ ,,
::J 40 , 
o 
o ",,-", ....... "'" .,..,.... ........ ','------

20 ........ _-- --- ~LiQhtIY infected 


o 2 14 16 IS 

DAYS IN STORAGE 

140-


ANAEROBIC 3SO F.-

E 120 S5°F. ___ _ 
a. ,.. 

I "' .....s- I ...100 
I "' ... 

~ 
'--__~---- I "0 ... I ... ,a:: t ... I ... ,I- '." 

(f) 


W 
 60 Heavily infected 

~ 
::J 40
0 
0 

20 

0 

DAYS IN STORAGE 

.1!',mu.&E 6.-CO\lIllestroi L'Ontent of alfalfa forage, lightly and heavlly infected with 
foliar dlseuses, and stored ut 3So ano. 85° F., Brookings, S. DIlk., 1963. Above, 
nerobic storage condltlons; \lelo,,', lUlaerobic. 
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Coumestrol content of the heavily infected forage increased during the 
first 2 days of storage, but appeared to level off sli$htly above the,orig
ina1 amount except in samples stored under aerobic conditions at 85° 
F .Coumestrol ,content of the latter declined l'apidlyafter the second 
day and reached 26 p.p.m. on the sixth day. Determinations for this 
treatment combination were discontinued after the eighth day because 
samples had begun t.o decompose. No consistent or marked ClllUl.ge 
occurred in coumestrol content of the lightly infected hay duringstor
age "xceptunder aerobic conditions at 85°, where it dropped 
sli?;'htly after the fOUrtil day. Chemical analysis of the latter was 
diScontinued ll,fter the ,eighth day because of decomposition. Except 
for the decline occurring under aerobic conditions at 85°, chlUl.ges 
in coumestrol content after harvesting were much less important than 
those resulting when living plants were infected by foliar pathogens. 

DlSCUSSION 

Nature of Variation in Coumestrol Content at One-tenth
Bloom Stage 

Nearly all variation in coumestrol content at the Ylo-bloom stage 
was nongenetic. The variety component was only 0.8 percent of the 
plot component. Average effect of cuttings in the 2 years sampled 
on coumestrol content was small and estimated to be zero, but cuttmgs 
differed greatly at individual locations. 
If either a high or low coumestrol level were desired, selection of 

locution for growing the alfalfa should receive consideration, other 
economic factors beino' equal. Over the 2-yeal~period average coumes
trol contents for aJfafflt from Califomia and Utah were 10.4 and 12.6 
p.p.m., respedivrly, as compared with 49.2 (Nebraska), 52.0 (North 
Cnrolina), 71.<1 (Knnsas), 87.7 (Pennsylvaniu), and 125.4 p.p.m. 
(Iowa.) for the other locations. In California and Utah, coumestrol 
content was uniformly low, but. at other locations cuttings va.ried 
greatly wit1)111 years. Cuttings in Iowa, for example, ranged from 
J6.6 to 217.6 p.p.J1l. during the 2-yenr period. For commercial produc
tion of alfalfa. with specified coumestrol content, chemical determina
tion of each crop and product.ion field would probably be necessary. 

The pattern of va.riation for coumestrol content was very different 
fro111 thnt for saponin content (121), in w]1ich effect of varieties was 
much larger n.nd environmental effects were smaller. 

Associatioi1s Between Coumestrol Content and Other 

Variables 


Soil moist.ure, sunshine, and temperatures shortly before harvest 
",ero not associated with coumestrol content. These data were not 
adequate, however, to critically determine specific effects of environ
mental components on coumestrol content. 

Coumestrol contents of all samples from ilie shading experiment in 
Utah were low and similar in magnitude to those of other samples 
hUT\rested in Utnh and California. Tlms, the shading experiment did 
not snppOlt :L hypothesis that low coumestrol content of Utah und 
California samples might be associated with high light intensity. 

http:ClllUl.ge
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In interpreting the associations between coumestrol and the other 
characters att.~e vttriety level, it is necessary to consider characteristics 
of the varieties. Du Puits is slightly taller and earlier blooming than 
the other varieties. Du Puits and Vernal are the most resistant, and 
Lahontan the least resistant to foliar diseases. Ruffalo and Ranger are 
intermediate, but Buffalo (with the exception of yellow lea.f blotch) 
is slight' y mora resistant than Ranger. Defoliation of varieties in 
these studies was expected to be proportional to susceptibility, anel 
this was found . 

.A.1so, locations have cerbtin clmracteristics with regard to incidence 
of foli!tr disease. Disease incidence is usually lower in Utah and 
Oalifornia than in other States in the study. Foliar diseases occur 
frequently in North Carolina and Pennsylvania. Kansas, Nebraslm, 
find Iowa tend to be intermediate, but are more like the humid East
ern than arid Western States. Severe infection and defoliation occur 
frequently in the Central States when environmental conditions are 
favomble. In each of the seven States, incidence of foliar diseases in 
anyone cutting appears to depend primarily on suitable moisture and 
temperature. 

Because varieties ranked similarly for defoliation score and coumes
trol content, the two characters were highly correlated at the variety 
level. The t.wo clutracters were also slgruficantly correlated at the 
location level and for five other sources of variation. It is significant 
that the association of coumestrol content with defoliation score was 
stronger than that be( ween coumestrol and any other character . 

.After defoliation score, coumestrol content was correlated strongest 
with height when the comparison was based on proportion of signifi
cant correlations. However, signs of significant correlation coeffiCIents 
were positive and llE\:"O'Utive, indicating an inconsistent relationship 
between height and coumestrol content. Some significant negative 
correlations were fmmd between nitrogen-free extract and coumestrol 
content in individual and combined analysis of locations. However, 
this association was weak Associations between coumestrol content 
and other characters were insignificant. 

Controlling Coumestrol 	 Content by Adiusting Stage of 
Harvest 

Changes in contents of protein and other chemical constituents as 
related to stuge of maturity were in agreement with previous work. 
Because conmestrol content generally increased with successive stages 
of growth, the following question arises : Would altering the time
of-cutting recommendations be wfl.rranted in order to raise or lower 
coumestrol content ~ 

Previous work demonstrated that cutting at the lAo-bloom stage 
was about optimum when yield of dry matter! quality, and stand per
sistence were considered. Fensibility of cuttmg alfalfa at earlier or 
later stages of growth to change coumestrol content appears to depend 
on the value of altered coumestrol in the feed in relation to changes 
in yield, persistence, and quality. 

On the basis of available information, cutting earlier than the 1io
bloom stage would generally result in lower dry-matter yields and 
lower fiber and coumestrol contents, but also would result in hiO'her 
contents of protein. and other const/ituents indicative of high quaiity. 
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The length of time that the stand would be expected to remain produc
tive would be reduced with consistent earlierhal'vesting. 

Cutting later than the lho-bloom stage would generally produce 
higher tonnage of hay greater incidence of foliar diseases, more leaf 
loss, higher contents of coumestrol and fiber, greater persistence, and 
lower contents of protein and carotene. Therefore, a sizable value 
must be placed on altered coumestl:.'ol content to justify delaying the 
stage of harvest. Shifting the harvest stage to alter conmestrol con
tent did not appear practical. 

Changing Coumestrol Content by Breeding 

Because more than 99 percent of the plot variation was estimated 
to be environmental, breeding for high or low coumestrol content 
per se did not appear promising. It sllOuld be noted, however, that 
the extent to which comnestrol content could be changed by selection 
depends nJso 011 variation among individual plants, which was not 
measured in this stUdy. Wide variation in estrogenic activity was 
reported u.mong clones harvested in the bud stage (43). N everthe
less, information obtained in the present investIgation was not en
couraging from the standpoint of breeding for high or low coumestrol 
content in alfalfa. There is one possible exception. Breeding varie
ties resistant to foliar diseases might be practical if low comnestrol 
were the objective. However, information is needed on coumestrol 
synthesis in resistant plants before knowing whether such an a.pproach 
would be successful. 

Effed of Foliar Diseases on Coumestml Content 

These investigations confirmed findings (937) that infections with 
foliar pathogens usually resulted in accumulation of coumestrol in 
the forage. 

There were three kinds of direct evidence. First, in controlled 
inoculation experiments, infection with each of four fungi and one 
virus generally resulted in a marked increase in coumestrol content. 
The coumestrol content of all inoculated samples ranged from 0 to 
219.1 and averaged 47.0 p.p.m. The healthy checks ranged from 0 
to 19.0 and averaged 1.4 p.p.m. Coumestrol was detected in only 3 
of 20 healthy samples. 

Second, coumestrol content of forage increased with successive 
stages of ~rowth in unspr~.yed alfalfa in a field experiment conducted 
at Broohings, S. Dak. Coumestrol content of plots sprayed with 
fungicide was relatively low and constant over stages of growth. On 
the last sampling date, average coumestrol content of stems and leaves 
from unsprayed plots was 103.3 p.p.m. as compared with 28.6 p.p.m. 
for sprayed plots. Defoliation and disease symptoms were much more 
severe in unsprayed than sprayed plots. 1t was concluded that in
crease in coumestrol content with advancing maturity in untreated 
plots was due primarily to increased infection by foliar pathogens, 
because comnestrol content was nearly constant, in plots receiving fun
gicidal applications. Although there are no ImoWIl direct effects of 

. Dithane-45 on coumestrol synthesis, an alternate explanation attribut
ing the control to direct effects of Dithane-45 on coumestrol synthesis 
could not be ruled out. 
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Third, in a storage study, changes in coumestrol c.ontent that oc
curred nIter harvestmg were le...~ im}X>rtant than those resulting when 
living plants were infected with fohar pathogens. An exception WitS 
storage under conditions ittvorable for decomposition, when COl1.mes
trol content declined. Couroestrol content of :freshly cut alfalfa froll1 
fields hetwily and lightly infected by ioliar puthogens Iweruged 76 
and 17 p.p.m., respectively. Coumestrol content of heuvily infected 
forage increased some dm..tng the first 2 cluys of storage, but this ItP
peared to stabilize Itt It level slightly lI.bove that at the tune of hun-est. 
Coumest.rol contents of sum pIes stored under aerobic conditions at 
85° F. declined shurply uiter 2 c1IlYs in stomge, upparently becllUse 
they began to decompose. 

The following indirect evidence WIlS ulso obtnineel linking foliar 
diseases to nccmllulution of coumestrol in forage: 

(1) Ninety-nine percent of the coumestrol variation 'was nongenetic 
ull10ng SIlll1ples of five vnrieties grown in seven Stntes lweI hluTested 
tlu'Ce till1es unnuully at the YIo-bloom stage in each of 2 years. 

(2) Regre..~ion nnulysis indicated 11· closer relationship between cou
mestrol content Itnd defolilltiol1 thun between coumestrol content and 
Ilny other eharll.cter studied. Furthermore, mnking of varieties for 
defoliation was the same as n. rl1.nking expected for Iwerage resistance 
to folilL1' diseuses.. LuhonbLll, for example, hl1.d the gl'CILteSt leaf loss, 
highest coumestrol content, and from Pllst records was the most sus
cept.ible to foliar diseases. 

(3) CIl.1ifornia and. Utah, where alialftt had a low coumest.rol 
content, normullyhave It low incidence of ioliar diseases. 

(4) Varieties uveraged over locations, years, and cuttings ranked 
the srune for defoliation and coumestrol content. (It was asslUned that 
foliar diseases were the principul cause of deioliution.) 

(5) Coumest.rol content genemlly increased with successive st..'lges 
of growth in experiments at Lincoln, Nebr., University Park, Pa., and 
DIlNis, Culif. It was assumed that the increase resulted from a greater 
incidence of disease with advancing mat.urity, which is n common 
occurrence. 

There was strong implicut.ion in these investigntions that TolinI' 
pathogens and insert pest-s were the principal ngents associated with 
ltcculllulntion of coumestrol in alfaUn. forage. A literature review 
b~' Farlms (tnd Kimly (17) indic:tted that a.ccnmulntioll of phenolic 
subst.ances in the plant commonly follows infection by pathoaens. 
According to these workers, this acclUnulat.ion in most at.w.cked phmts 
is clue to the responsive reaction of t.he plant tissues. The mechanism 
of fl.rOlllat.ir biosynthesis in diseased tissues is still unknown. 

SUMMARY 

These stuclies were undertn.ken to determine the effects of location, 
vn..riety, eutting, year, stage of growth, light illtensit.y, and plant, 
pathogens on coumestrol content. Some informat.ion wns aJso 00
61.ined on the effect of insect pests. 

Y(t1'iation at lJio-Blo01n Staqe.-The varieties Buffalo, Du Puits, 
Llthontan, Ranger, !tIlcl Verml.l were seeded in replicated plots at 
DILVis, Cali.f., Ames, Iowa, .Manhuttan, Kans., Lincoln, Nebr., Raleigh, 
N.C., Uni.versity PlLl'k, Pa., nll(I Logan, Utah. Plots were harvested 
in 1960 and 1961. DatIL from the five· varieties, three cuttings each 
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yenr, seven locntions, and 2 years constituted the "core" of the experi
ment on which combined stntistical analyses were conducted; addi
tional cuttings were studied at some locations. 

More than 99 percent of the \'ariation was 110ngenetic as deter
mined by Vitriltnce components. The components for locations, 
cuttings X years, Ilnd cuttingsXyearsXlocutions were similar in 
magmtude and accounted for about 72 percent of the variation. 
Yarieties accOlUlted for only 0.8 percent. 

Differences among varieties for cOLUnestrol content were smail but 
significant. L~d.lontan had the highest coumestrol content; Du Puits 
and Vernal had the lowest. Outtmg averages did not differ, but cut
tin!!S ~within locations varied greatly. 

C'oumestrol contents wm·e lowest for forage from Oalifornia and 
Ubth, averngin~ 10.4 and 12.6 p.p.m., respectively. Highest values 
were obtnmed trom Iowa, which averaged 125.4: p.p.ll1. Ooumestrol 
contents of fora~e from other 10ciltions were intermediate-Nebraslm 
49.2 p.p.m., Norttl Oarolina 52.0, Kansas 71.4, Imd Pennsylvania 87.7. 
Averages for 19GO and 1961 were 59.8 und 57.0 p.p.m., res{lectively. 

Ooumestrol content was positi\7 ely correlated with defoliatIOll score, 
but not correlated with other characteristics~ which included chemicnl 
constituents in the plant snch as protein and 11ber. 

Variation as Affected by Growth .8tage.-In a separate experiment, 
Buffalo and Rnnger were established in replicated plots at Lincoln, 
Nebr., Davis, Oarif., and University P/H·k, Pa., and were harvested 
uJ six stages, l"1l.11ging from 10 inches high to 25 days after full bloom. 

Coumestrol content usually incl"ensed with successive stages of 
growth Itud l'enched a maximum 25 days ufter full bloom. COtUlleS
trol content of cuttings within years and 10cntions (fi.yernged over 
stages) ranged from 0.5 p.p.m. for the second cutting of 1960 in Oali
fornia to 156.4: p.p.m. for the first cutting of 1961 in Pennsylvania. 
Highest content within stnges wus 4:29.2 p.p.m. for Ranger (averaged 
o,'or .replicntions) 25 days after full bloom in the second cutting of 
1960 m N ebraskn. 

Q,·er stages of growth, cOllll1estrol was negatively correhlted wif-h 
protein content and positively correlated wlth crude fiber content. 
Chan~il1g harvest stage to rater coumestrol content did not appear 
practlcnl. 
~ Effeat of Liqhtl:ntensity.-,;rhen light intensity wflsrecluced 72 per
cent with shacle cloth in a field experiment Itt Logan: Utah, coumestrol 
content rtlngcd from 3.0 to 12.0 p.p.m. and averaged 7.4: flnd 5.7 p.p.m., 
respectively, for shaded and unshaded plots. The effects of stage of 
growth, variety, and shading on coumestrol content were not signifi
cant. 

Effeat of Folia'!' Diseases.-In each of four experiments, accumula
tion of coumestrol usually occurred in forage after infection by foliar 
pathogens and tlms confirmed previous results. 

In one experiment, coumestrol increased with successive stages of 
crl'owth when alfalfa was left unsprayed in a field cxpt'l·iment' at 
Y~rookings. S. Dak. Spraying with a ftmgicide to reduce foliar dis
eases resulted in rclativelv low and constant levels of coumestrol. On 
the last sampling date, average content of leaves and stems from un
sprayed plots was 103.3 as compared with 28.6 p.p.m. for sprayed plots. 

In another ~eriment, infection by each of four fungi and one virus 
,genern,l1v. resulted in marked increases of coumestrol content. The 
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content of inoculated sallll?les rangeel from 0 to 2ID.lanelaveraged 47.0 
p.p.lll. The healthy checl(s muged from 0 to 19.0 anel averaged 1.4: 
p.p.m. Coumestrol was detected in 011ly 3 of 20 healthy samples. 

Lightly tLnd henvily infected alfn.lfn, forage 'was stored under nerobic 
and n,ntlOrobie conditions at 38° Imel 85° F. Changes in coumestrol 
content ocetuTinlJ' during an IS-day period after harvestiulJ' were less 
im120rtant than those resulting when li\Ting plants were infected with 
folmr pathogens. An exception was under conditions favorable for 
decomeosition, when coumest-rol content declined mpicl1y. Contents 
o:f the lightly and heavily infected forage at harvest were 17 and 76 
p.p.m., respectively. 

Six varieties and clones representing a range of foliar damage in a 
field planting Itt Beltsville, Md., arranged according to coumestrol 
content (high to low), were in approximate order of average score 
£o~' rust, leil,f tip invasion by saprophytes, and leafhopper yellowing 
(lughest score = most dn,mage). 

1'he following indirect (widenee from other phnses of this investi
glLt.ion also linked £olin,r disens(l infectiou with accumulation of cou
inestrol in fornge: (1) .More than 99 per'c{'ut of variation Itt the %0
bloom stago wus nongen('tic. (2) Conmestrol content was correln.ted 
with de:folittt,ion score. (3) C/tHiomin, and Uttth, where alfalfa had 
u low eOllmestrol content, normally have a low incidence of :foliar 
diseases. (4:) Coumestrol content generally increased with stages of 
growth, which is consistent with It common observation that disease 
incidence in(~rellse-s with !ld \rancing maturity. 

Effe('t of Aphids.-Preliminttl'Y daht indicated that in:festation with 
pOlt aphids tmd spotted alfa1:ftt aphids increased coumestrol content. 
How(we1', non infested ('he('k plnnts contained tt sizable qultntity oi 
conmestrol, whi('h was unexpected. 
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APPENDIX 
TABLE Al.--A-verage ooumestrol content, height, defoliation and maturity score8, and other chemical constituent8 t£ 

for 1.'a1'ieties and c:uttings of alfalfa, DavUJ, Oalif. 
1-315'1' CC1'TING 
t:l 

-~--~-._. "\ ('ourne,lrol I' Uetgb~ Dc!olhll\on Maturit}· I I Crude I I I N·rroe ~ 
\ nrlely I ____ ••. __ , _ _ • __.~_" _ _ _,__ ________ Protein .fiber .Ash l'nL ~XLraCL 

....l I I ' I 1960 1960 1960 1960 1000 
Z 
oI 1000 ,1961 1000 lOilI j 1000 I 1001 lOilO 1001 >t< " r'''--'' --j'--' I -.- I .----------

P.p.m. InchtJ ScOT< I SCOT< , Perctnt Perunt P(Tunt PtTcrol P<TCtllt ~ 
BulTaJo__ ~ __ .,_________ 30.5! 5.0 23.51 2H. 0 0 I 0 2.0 2.0 20.0 28.0 ]0.3 2.6 30.] 
l)u l'uit,'l.. ______ .... __ 10. R L 0 2K 5\ :32.0 O! .5 2.0 

!,' 

2.5 20.8 25.7 10.0 3.3 30.3 ~ 
Lnhontan ___________ , 51.R la.3 20.R! 30,5 ,) 0 2.0 2.0 20.1 25.0 0.8 2.0 41.4 t:l 
llang(·r ______________ • 35.5 ,J, 0 2ii.0, 27.0, 0 0 2.01 2.0 21. 2 25.3 10.0 3.0 39. 6 1-3 
Vernnl __ ._. ____ • ____ 26.8 5.3 24.0 I 30.5 0 .:3 2.0 2.0 21.7 24.5 10.2 3.2 40.4 ~ 

.... 
0> 
0> 
c.> 

21> CUTTING 

A\'('l'Ilge.-.--.---.!~31.l-r-5.725~61 20.6-,-,-0----.-2- --;:0, 2.1 20.8 25.0 10.4 3.0 40.0 

q 
BulTnlo,._. _________ • 15.5/ 5. R I 20.5 30.3 I. R 2.0 2.0 2.0 22.7 I 27.3 11,0 2.5 30.5 fn 
])\! Puiis __ ._ .'_,___ • lO.O 2.R 29.0 31.R ].0 1.0 2.0 2.020.120.2 IO.5 2.7 :17.5 
J,nhollittn•• ___ .. ~._ ... 2:3. 5/ 2. R, 20. 8 :31. R 1. 0 l. 0 2. 0 2. 0 21. 2 27. 7 JO. ·1 2. 0 3R. 1 

t: 
t:lHnllgpr.. _.. ___ .... ___ .. _.. 1:~. a 3. a 35. 0 ao. :{ 1. 3 2. 0 2. 0 2. 0 23. 5 26. 3 10. 8 2., 0 3fl. 8 >tl 

V('rnnl. _. ________ ... _. !'312. 8 1. S 23. S 30. 3 1. 0 L 0 2. 0 2. 0 23. 0 26. 9 lO. 6 2. 6 36. S 

A \,('rng<, _________ _ 16. 0 I 3. 3 28. 2 I 30. 9 [--1. 2 1. 4 2. 0 2. 0 22. 1 27. 5 10. 7 2. 6 ,-37. 1 ~ 
> o30 CUTTINO ::::l .... o

BulTnJo_-_____________ 0 7.5 28. 0 20.3 .5 l. 0 3.0 2.0 lO.O 27.1 10.2 2.8 40.1 
Uu Puits_______ ....._ 0 2.0 32. S 28. 5 .5 1. 0 3.0 2. 0 lS.8 28.8 10.0 2.7 30. S ~ J,nhontall_____________ .8 5.0 30.3 31. 0 1. 3 1. 0 3.0 2.0 20.0 25.1 10.6 2. S 40.5 
Rnnger_______________ 0 9.0 2S.8 28.5 .5 1. 0 3.0 2. 0 21. 1 24.S 10.4 2.0 40.0 rJ 
VernaL ___ •• _________ 0 6.5 20. S 29.5 .3 1. 0 3.0 2. 0 20. 7 28. 7 10.3 2.9 37.3 t:l 

1---/------------!---I----A "crago _________ _ .2 0.0/ 20.3/ 29:4 .6 l.0 3.0 2.01 20.31 26.9/ 10.3 2. 8 39. 7 



4TH Cm"J'l:>O 

--I---I~'-r'---T'" '-1'--""~;""--~-'~'-"-I'~-I'---~;-'----'-I- I 
Buffalo. ____ • 4.0.1, 14.0 I 37.5 23.5 i 0 I 1.0 2.0!, 2.0 20.3 ',:,' 25.31 11.4 2.4 40.6 
J)uPui:-. -. () 10.8 [41.0 27.5 1.0 1.() 2.0 1 2.0 I 18.S! 20.11 10.7 1 2.Fi :3H. Q 
Lahontall. __ .. '._. 0 1 9.S I 26.:3, 26.5 2.0 1.0 2.0. 2.0 20.0 i 2B.2! 11.4: 3.D i 37.4 -:::Hang!'r _ _ . . __ .. _ 0 t 13. R :35. 3! 22. 3 . 5 L 0 2. ()! 2. 0 1\l. a i 24. 1 j 11.:3! 2. 5 ; 42.8 ::

::;;:\'('rual __ ,_", __ ,_ 2.R. )6.0 :35.3 24.0 1.0 1.5! 2.0 I 2.0 jIB.S! 20.3 j 11.:3' 2.5 4,1. 1 H1 	 :;. 
I-';

Avertigr· •••• _. ____ -1~4-l2.O ~3il24:S-I- ~_--Ur-2.0-12.OJ~~J~26. ~r 1l~2'r'-~'~6_ 40.1 ~ 
o 
~ 

A VERAOE OF 4 Ct:1"l'INOS 	 1-< 

~ 

()Buffalo_. ___ •• _______ _ 12.5 8.1 I 28. 91 ~;.~.--- ~~~- 1. 0 2~;-1 2.0 1-;0.7)' 26.~--~~. 7 -1--2~'~-r- -~.~ oDu Puits .• ________ _ 6.7 4. 2 32. 8 30. 0 . (j • !l 2. 2 I 2. 1 1 1!l.6 28. 2 10.5 2.!l, 3A. R r.Lnhontnn ____________ _ 	 !>'10.,5 7.7 27. () 30.0 1. J .8 2.2' 2.0 'I' 20.6' 26.7 10.6 i 2. B I 30. '1Hnngel', __ • ___ ~ __ • ___ • 	 t:; '" 12.2 7.5 :n'0127.0 .() 1.0 2.21' 2.0 2,1.3 1 25.] 10.81' 2.8 'lO.O UlVernaL __________ • __ _ 10. () 7. 4 27. 5 28.6 . () 1. 0 2. 2: 2. O! 21. 0 I 2(). () 10. 6 2.8 38.9 ... 
g 
~ 

A\.crage __________ 1 12.31 7.01 29. () I 28. 7 ----:7--~9!2.2r-2:01-~~6J 26. ~Ll~. () I 2.8 39.2 
() 
o 

51'U CU'j"I'INO 	 y, 
1-3 
l'1Buffnlo_____ • __ ._. ___ _ 	 '7.3.5 28.0 1.0 2.0 ,.------/ 21. 0 I 22.7 ) 2. -;-l-'~~ 40. RDu Puits _____________ 	 I-';

6.8 29. 5 1.0 2. 0 _. __ _ _ _ HI. 3 24. !l 11. 4 3. 0 41. 4 Lnhontan____________ _ U.8 27.5 1.0 	 oHanger______________ _ 	 2. 0 I, -. - - -. -I 20. 6 21. 6 J 1. 61 3. 1. ,j 3. 2 '=.i6. 8 23. 3 1.0 2.0 _______ 23.7 24.1 12.0 3.4 36.S
VcmnL _____________ _ 3S. 5 24. 8 1.S 2.0 ,_______ 21.0 20.3 I ]2.1 3.4 4:3.2 F

Averngc_________ _ 	 '=.i13. 5 26.6 ,-1.2"/-------1 2.0 ,-------1 	 11. SI-3.2I~4l.-1 ....21. 1 22.71 
s;j
:;. 

I From 0 to 7, rcprescnting 0- to 70-perccnt or grcater defOliation, respectively. 

! l=late-bud stagc, 2=}fo-bloom stage, 3=Yz-bloom stage, nnd 4=fult bloom. 


---1*" 
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------ ------- -------
- - -- ------

~ 

t?'J"" 
~ T,\m..ll A2.-Avemge coumest'l'ol content, height, defoliation and maturity scores, and otlLe'r chemical constituents 

for varieties and cuttings of alfalfa, Ames, Iowa ~ 
1ST C01'l'rNO t;::j 

,-"......' -,~ - ... ------~~--~--,--..,~---
Cournestro! Height Defollntlon Maturity Crude N·lrce 

Variety Protein fiber Ash Fat extract ~ 
1960 1960 1960 1I16O-looo-r'~;--- - 1960 11961- ~ 

•__,___~ ____ .,...__ 0---... ~ _loool~~ __-=---~I~~--
I 

---,, .... 
1'.p.11I. inchu Sc~rt I I l'ercw! Percent Percent Peretn! Perct1l1BufTalo_______ ,._ _______ ]6.5 <:0]26.8 237.0 3.0 2.0 10.0 31. 6 7. !) 3.0 38. 6 <:0Uu Puits ______ _ _______ 23.11103.0 .... 4. 0 3. 0 31.4 3.1]07.0 -·---~T~-----...... -.,. ... - ...... -,.. ... 18. 6 8.1 :~8. 8 

c.: 

Lahontan._____ _ _____ ._ 14.508.8 257.0 
~-

3.0 2.0 10.1 31.4 8.3 3,0 38. 2 q
Hangt'r___ • ____ _ ___ .___ 15. R07.8 136.0 :=::=~=I===:::= 3.0 2.0 18. I 20.5 7.6 2. !J 41. 8 tpVertlllL. ______ _-- ... --- 65.8 123. 8 ... - ... --- ] 5. Il .. -.- ......... ----_ ...... 3.0 2.0 17.8 32.4 7.5 2. 7 ao. (l


", 

Av('rage ___ _ ~ 98.4 ___ = -·-r------3. 2 
-,--,,, 

------ ~172. 21=~:1-17:-3.~ 2. 2 I 18. 5 31. 2 --;;,g12:-9T-39~4 "tl 
~ 

o2D CUTTING 
".1 

tl
BufTalo ____ • ___ _ C')------ 100. 3 15. 3 ------- 15.5 ------- --_ .. _- .... 2.0 2.0 20.0 23.4 7.7 3.1 45. 8 ::0Du Puits______ _------ 116.0 19.5 18. 8 2. 0 2.0 18.5 25.3 7. 2 2. 9 46.2 H 

~------ -------Lahontan ______ _ o ------ 140. 5 16.5 ---.-- ... - 14.5 ------- ------- 2.0 2.0 19.5 28.1 7.2 2. 7 42.4-Rnnger________ _ la7. 8 18. 5 15.0 2. 0 2. 0 18.7 27.0 7.4 2.8 44. 0- ... ---- ------- ----,--- -------VernaL _______ _ 117.5 13.3 ... _---- ..... 14.8 --- ... --- ------- 2.0 2. 0 20.2 28. 7 7.1 3. 1 40. 8 ~ Average ___ _ 124.2 16.6 ------- 15.7 2. 0 2. 0 19. 4 26.5 7.3 2. 9 4.3.9 t?'J 



3D CUTTING 

BulfnJo "---------'IHlO.81115.o 1..--_.\ l;-~T=----!=-.·~--1 2.0 2.0
Uu PullS .. ________ ._ 146.0. 150.8 1___ """ lIi. 3 !._ •• __ •• _... _. 2.0 2.0 
Lnhoulnn. ____ • __ •• _. 308. :31111. 5 L. ___ .. 14.51------+-----.1 2.0 2.0 
Hnog('r. _ .•..•...... ___ 215.0 ,12!J. 3 : __ •. •.• 13.8 1 ------------- 2.0 2.0 
V(lm31 ~'_ • ___ . __ • __ ... :4:.~ __1~~~~+..:.:.:..:::... la~l.:..:.:... ·..:.:;::..--- -.=1 __2~ ......::!_I 

A\('rag('. ____ ...•. _17. 61 1 3. 8 1'" ---I 14.81------T------\ 2.01 2.01 

22.\) 
22. 3 
21. 1 
23.1 
23.2 

22.5 

26.4 
25.1 
29.6 
26.4 
23.9 

26.3 

7.8 
7.7 
7.5 
8.1 
7.6 

7.7 

a. 1 
3.0 
2.7 
3.6 
a. 7 

3.2 

39.9 
41. 9 
39.2 
:J8.9 
41. 7 

40. a 

~ 

~ 
"'" >
~ o 
Z 

.A VEltAGE OF 3 CUTTINGS ~ 

Buffalo .. _••• _._._. _ 1a5. 3 122.4'1'-'-- ] 5.8 
~"'---~'''' .- ....  ...  2.3 2.0 20.6 

Dul'\Iils_". _. _____ •.. 121. 7 92.4 • __ ., __ 10. {j -- .......... ... .. __ .. ..,, 2.7 2.3 19.8 
Lnhonlnn_ .• __ • __ ..... 182.5 128. :~ ... _• 0 • 14.5 -- ..... --~ - .. _.. -- 2. 3 2.0 19.9Rallger. ____ • ____ 0 ___ 150.2 04.6 _______ ]4.8 ... -_ .. _...... _... _..... _.. 2. a 2.0 20.0VernnL •• __________ •• 144.1 83. 2 "--"'-" 14.8 .. --,.- .... - ..  .. - ... '"' 2.3 2.0 20.4 

Avcrnge__________ ""'i4"6.7-104.2- ~~:~:=r-' 15.0~ ~=~-:.~ ------- -~T-2.11 20.1 I 
-= . - ..".... -~-~.-

I S('c tnhlc Al, footnote 2. 

27.1 7.8 
27. a 7. 7 
20.7 7. 7 
27.6 7.7 
28. 3 7. 4 

28..017.61 
-

a. 1 
:3.0 
2. 8 
3.1 
3. 2 

3. 0 

41. 4 
42.3 
30.0 
41. 5 
40.7 

41. 2 

o 
o 
~ 

~ 
en.., 
~ g 
8 
!;'. 

~ 
Z 
>-3 

o 
>.j 

~ 

~ 
~ 

~ 



1-3 

c.n o 

1?'l 
o 

~ 
H'l:'\1~Ul A3."~LL'el'age cowrnest1'ol content, height, defoliation and nuLt'1.~rity scores: and othe1' chemical constitue1tis 

forval'ieties and C'Uttings of (llfalfa, J1lanhattanJ(ans. 
() 

F 
IS1' Cl1TI'ING to 

,-~-~- .... r. 
ro~--'--C~::~rOI Height Do folIation I Maturity ('rude N.fn'(j t"' 

Variety Ilix'r Ash FnL eXLract t:: 
lrnro 1000 1000 1000 ,..:;

1000 r--lOO-I- '---Ioo-o-r-;;;- -l~l'-~I-OO-I- -l-;;;;;;-r-~~-I-\ p~~~n I 1 ~ 

I I I I I -_.- --,---,--- ,... 
Z 

P.p.1II. [nc"<8 Scolrt t Scort' Perc",t Percent Percent Percent Percent CoO 
C»Buffalo_______ • _____ •. 10.5 261.0 29.5 24.3 0 I 3.5 2.0 I 2.0 10.5 24.8 11.8 :3.3 40.6 CoO

Du Puits •• ___________ 8. a 186.5 29.8 2(t 3 0 ;\. 0 2. [) 2. () ]0.8 21. (j 12.2 :3. :l 43. ::! 
Lahontan _________ " - 9.5 28,1.0 28.8 2a.:~ 0 \. '.1.0 2.0 2.0 19.1 28.1 11.5 :t [) :17.8 <1
Ranger_. ___ . _ .. _. _ _ _ _ 12. :l 205. 8 20. .'5 2:l. ;~ 0 4. () '2. 0 1 2. () 10. 7 25. 5 11. 7 39.6a. " W
Vernlll. ________ ._ ___ 11. 0 208. a 20.3 2:3.0 0 4.0 2.0 1 2.0 I!).;~ 25./) I ll.8 i :!. 8 311. li 

t:i
Average__________ - 10.3 247:1- ~--·2+. 0- --0--r--3.·7-~-2-.0 ',--io' r'iO··;-r·'i.5:i r"ll. 8j t:J40.1:3.51 "0 

.--......:...--- ~ 

21l CUTI'ING o 
"l 

I I ::Buffalo_________ ._.___ o:33.5 13.8 20.3 24. 8 2.8 0 2.0 2.0 18.0 I 27.4112.1 I 3.0 I 38.6 ::::lDu Puits_____________ 64.8 16. 0 23. a 27.0 2. 8 0 2.0 2.0 21. 9 27. 7 J 1. J a.6 35. 7 HILahontan_____________ 51. 0 16.5 21. 8 24.8 :1. 8 0 2. 0 2. 0 18.8 26. 6 11. 2 I a.l I 40. :3Hanger_____ • _________ 26. 8 16.8 21. 5 23. 3 28 0 2. 0 2. 0 18.5 26.7, 11.4. 40.2:3. 1 IVernal.. _ • ___________ 27.3 10.5 20.3 23.8 2.8 0 2. 0 2. 0 18. 1 29.6 i 10.61 :3.4 :38.2 ~ g;
Average__________ 40. 7 14.7 21. 4 24.7 3. 0 0 2. 0 2. 0 10.2 27. 6 i~1l.3 38.6 t:J1 3:21 



3)) CU'M'ING 

24.0 IBUlfalo____________ ","_ 57.8 46.0Uu PuiLs ____________ • 71.8 44. 5 22.8.1 
Lahontan._____ , ______ 97.8 53.0 21. 01tangcr_. _____________ 60.3 40.5 22.5VernuL ______________ 54. 8 34. 8 22.0 

Average__________ ro.3 -:i5.il\-22.5\ 

21}. 3 
27.0 
26.0 
2a.0 
23.0 

25.1 

4.0 
3. 8 
4.8 
4.0 
4.0 

4.1 

2.8 
a. 0 
4.0 
:3. 0 
2.8 

3. 1 

2.0 
2.0 
2.0 
2. 0 
2. 0 

2.0 

2. 0 
2.0 
2.0 
2.0 
2.0 

2. 0 

I 

19. :3 
Hl.8 
20.0 
19.0 
19. 7 

19.6\ 

26.3 
27. 5 
20.6 
29.2 
28.4 

28.2 

10.5 
10.0 
10. ] 
9.4 
9. 6 

0.9 I 

3.1 
a.2 
a. a 
3. 0 
a. 2 

3. 2 

40.8 
a9.5 
36.9 
39.4 
39.0 

39.1 

~ ;.
::::: 
1-1
:; 
1-3 
l-I 
0 
Z 

4TH CUTTING ~ 

Bulfolo_____________ ._ 36.3Du Puits _____________ 4.4.8Lahontan _____________ 45.0Hanger _______________ 35.8Vernal. ______________ 44.5 

Average __________ 4l.3-1 

29. 0 
27. 0 
45.0 
40. 3 
36.3 

35. 5 

] g. 8 
19.0 
1!l.3 
]9.8 
21. a 

10.8 

26.3 
26.5 
26.0 
2·1.3 
22.5 

25.1 

3.3 
a. a 
4.0 
3. 3 
3. 0 

3. 4 

3.0 
a.o 
4.0 
3.0 
3.0 

3. 2 

AVERAGE 

2. 0 2. 0 
2.0 2. 0 
2. 0 2. 0 
2.0 2.0 
2.0 2.0 

2. 0 I 2.0 

OF 4 CUTTINGS 

22.2 
23. 0 
22.1 
2:3.1 
22.8 

22.6 

26.8 
24. 0 
27.4. 
25. :3 
25.5 

25.8 

II. 1 
10.8 
10.5 
10.7 
10.8 

10. 8 

3. 3 
3. 6 
4.2 
4.1 
3.6 

3. 8 

36.6 
38.5 
35.9 
:36.8 
37. :3 

37.0 

(') 
0 
c:j 

~ 
t<j 
Ul 

~ 
0 
t:< 
(') 
0 
!Z 

~ 
Buffalo_______________ 
Du Puit!1 _____________ 
Lahontan_____________ 
Ranger _______________ 
Vernal _______________ 

Average__________ 

3,15 
47. 4 
50.8 
36.0 
34.4. 

40.6 

87.4 
68. 5 
99.6 

100.6 
72. 4 

85.7 

23.4 
23.7 
22. 7 
23.3 
23.2 

23.3 

25.4 
26.7 
25. 0 
23.4 
23. 1 

24.7 

2.5 
2. 4 
3.1 
2.5 
2. 4 

2.6 

2. 3 
2. 3 
3. 0 
2.5 
2.4 

2.5 

2. 0 
2.0 
2.0 
2. 0 
2. 0 

2.0 

2. 0 
2. 0 
2.0 
2. 0 
2. 0 

2.0 

20. 0 
21. 1 
20.0 
20.1 
20.0 

20.2 

26. 3 
25. 2 
27. !l 
26.7 
27.2 

26.7 

11.4 
11. 0 
10. 8 
10.8 
10.7 

11. 0 

3. 2 
3.4 
3.5 
3. 4 
a. 5 

3. 4 

39.2 
39. 2 
37.7 
39.0 
38. 5 

38.7 

Z 
1-3 
0 
>:j 

~ 
~ 
~ 

) Sec table AI, footuote 1. 
2 See table AI, footnote 2. 

CIt 
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H'l'AllLE A4.~Average coumestrol content, height, defoliation and 11ULturity scores,. and other chemical constituent8 

for varieties and cuttings of alfalfa, Lincoln, Neor. ~ 
1ST CUTTING tIl 

Coumestrol HeIght Derollation Maturity Crude N ..free ~ 
VarIety Protein fiber Ash Fat extract t::1 

1000 1000 1000 1960 1000 
1960 1961 1000 1961 10001000 1961I ~ 

I I I~ .... 
P.p.m. Inche. Score 1 Score' Percent Percent Percent Percent Percent 00 

Buffalo _______________ 63.5 109.0 29.3 36.0 2. 0 4.0 2.0 2. 0 16. 6 33.7 9. 4 3. 4 36.9 '"00Du Puits_____________ 43.5 24. 8 30.5 40.5 1.0 3. 0 2. 0 2. 0 18.3 29.6 9.8 3.6 38.7Lahontall _____________ 66. 0 101.5 28. 8 39. 0 2. 0 4. 0 2. 0 2. 0 17.5 31. 6 9.7 3. 5 37.7
Rangcr_______________ ~ 72.8 118. 5 27. 8 34.5 2.0 4. 0 2. 0 2.0 16. 8 32.0 9. 4 3.4 38. 4 !JlVernaL ______________ 46. 5 117.0 26.5 41. 5 1. 0 4. 0 2.0 2. 0 17.9 30. 6 9.3 3. 2 39.1 

t:::1
Average __________ t::158.5 94. 2 28.6 38.3 1.6 3. 8 2. 0 2. 0 17.4 31. 5 9.5 3. 4 38.2 '"C 

~ 

o2D CUTTING 
"9 

Buffalo _______________ 17.2 
g;

60.5 15.8 28. 3 33.0 1.0 1.0 2. 0 2. 0 34. 2 9. 4 2. 4 36.8Du Puits_____________ H 
::0

50. 5 1.8 24. 3 25.8 0 0 2.0 2.0 20.6 30.2 10. 9 3.0 35.3Lahontan_____________ Q
47. 8 16.3 28.8 30.8 0 1.0 2.0 2. 0 16.9 32.1 9.5 2. 8 38.7Ranger_______________ 81.8 18. 0 26.8 31.0 1.0 1.0 2. 0 2. 0 17.0 34. 0 8VernaL ______________ 9.4~ 37.2 

832. 8 14.0 27.0 31.0 0 1.0 2.0 2.0 17.5 30.7 9.5 2.9 39.3 Cl 
~ Average __________ 54. 7 13.2 27.0 30.3 .4 .8 2. 0 2. 0 17.9 32.2 9.8 2.7 37.5 I:l 

,



3D OUTTING 

Buffalo________• ______ 52.3
Du Puits_____________ 35.5
Llthontan _____________ 89.5Ranger _______________ 52. 3VernaL ______________ 47.8 

AveragcL _________ 55.5\ 

B'.lffalo _______________ 58.8
Du Puits_____________ 43. 2
Lahontan _____________ 67.8
Ranger _______________ 68. 9
VernaL ______________ 42.3 

Average __________ 56.21 

I See table AI, footnote 1. 
2 See table AI, footnote 2. 

18.8 
15.8 
21. 8 
23.0 
17.3 

25.3 
23.8 
23.3 
23.3 
23. 5 

29.3 
27.5 
27.3 
27.8 
26.0 

3. 0 
1. 0 
2. 8 
3. 0 
3. 0 

2.0 
2.0 
2.0 
2. 0 
2. 0 

2. 0 
2.0 
2. 0 
2.0 
2. 0 

2. 0 
2.0 
2.0 
2.0 
2. 0 

19.3 23.8 27.6 2. 6 2. 0 2. 0 2.0 I 
AVERAGE OF 3 OUTTINGS 

47.8 
14.1 
46. 5 
53. 2 
49.4 

27.6 
26. 2 
26.9 
25.9 
25. 7 

32.8 
31. 3 
32.3 
31. 1. 
32.8 

2. 0 
.7 

1.6 
2. 0 
1.3 

2.3 
1.7 
2. 3 
2.3 
2. 3 

2.0 
2. 0 
2.0 
2.0 
2. 0 

2. 0 
2. 0 
2. 0 
2.0 
2. 0 

42. 2 26. 5 32.1 1.5 2. 2 2.0 2.0 

17.4 
20.9 
19.6 
17.7 
18.5\ 
18.8 

17.1 
19.9 
18.0 
17.2 
18. 0 

18.0 

32.7 
29.2 
31. 4 
32.1 
32. 0 

31. 5 

33.5 
29. 7 
31. 7 
32. 7 
31.1 

31. 7 

9. 2 
9.3 
9.4 
9. 0 
9. 2 

9.2 

9. 3 
10.0 
9.5 
9. 3 
9. 3 

9.5 

2. 5 
3.7 
3.1 
2.6 
3.0 

3. 0 

2. 8 
3. 4 
3.1 
2. 8 
3. 0 

3.0 

38.2 
36.9 
36. 5 
3S.6 
37.4 

37.5 

37.3 
3'/.0 
37.6 
38.1 
38.6 

37.7 

....;.;: 
J;O ..... 
> 
~ 

~ 
~ 
() 
o 
d 
~ 
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~ 
:=:: 
o 
t< 
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TABU} A5.-Average cOU1'nest1'oZ content, height, defoliation and 'flUl,tu'rity score~ and other chemical comtituents ~ 
for varieties and cuttings of alfalfa, Raleigh, N.u. E: 

IS'1' CUTTING t:l:! 

Coumestrol IIelght DefolIation Maturity ('rudeVariety N·free
Protein fiber Ash Fat ~extract

19G0 1960 19G0 19G0 19601960 I 1961 I 1961 19611960 19G0 1960 19G1I I ~ 
I I I I .....P.p.m. Inche8Buffalo _______________ Scare I Scare' Percent Percent Percent Percent Percent C<I13.0 56.0 23.8 I 16.1i 2.0 2.3 22.2 c.:>Du Puits _____________ 1. 5 ! 22.0 10.1 3.3 42.4 c.:>12.0 47.8 25.0 20.0 l.8 1.8Lahontan _____________ 2.0 2.0 21. 6 23.0 10.220 I 3.3 41.. 016.5 60.0 10.0Rnnger _______________ 14.3 1.8 1 1.3 2.0 2.0 22.6 22.0 9.8 3.7 4J.O q

VernnL _______________ 10.3 35.8 20.0 13.8 
1. 3 I 1.5 2.0 2.0 22. 7 22.6 10.2 3.6 40.8 en13.0 42.0 21. 0 16.0 1.0 1.5 2.0 2.0 22.2 22.2 10.1 3.0 41.0 

Average __________ ? j 

I 

14.81 48.3 21. 8 I 16.1 
1. 5 1 1.6 _.0 I 2.1 22.3 22.7 10.1 3.Ur. 41. 4 ~ 

'tl 
!"3 

2D CUTTING 
~ 

Buffalo _______________ >61. 8 40.5 15.3Du Puits_____________ 27.8 1.3 3.0 I 2.0 2.0 27.5 10.0 0.9 4.1 39.4 o
76.0 19.8 16.3 33.8 .8 2.0 ::<:lLahontan _____________ 3.0 3.0 27.4 19.6 0.6 4.1 30.4 .....05.0 21. 8 14.8 26.S CRanger _______________ 1.S 3.3 2.0 2.0 27. 1 10.3 9.4 4. 1 40. 101. 0 20.3 13.5 26.5 .5 1.S 2.0 2.0VernnL ______________ 29. 1 lS.9 10.0 3.7 3S.293.0 23.5 14.S 26.5 0 2.3 2.0 2.0 20.3 lS.7 9.9 3.9 38.3 

g 
Average __________ ~ 

::<:lS3.4 25.2 14.0 2S.3 .9 2.5 2.2 2.2 2S.1 10.1 O.S 4.0 39.1 t;j 



3D CU'l"l'INO 

Ruffalo_____ ~________ _ 
Du Puils_______ ,. ____ _ on.3 46.0 10.0 28.8 1.5\ 2. 3 I 2.0 24. 3 I 23. 0 I 0.0 I 3.5 I 38.61.5

133.5 5S.5 18.3 33.3 1.5 1.5 3•.3 3 0 "4 .;)-, ')1 8 I' 0.6 I 3.5! 40.7• - -. ' J_flhontltn ____________ _ 00.3 37.S 17.3 30.5 3.3 2.3 23.2 24.5 n.o. 3.3 I 4(). () ~2.3 1. 31 :>n.~·'Hger________ ., ______ 60.8 36.5 17.0 29.8 1.3 1.5 2,31 2.0 24.6 23.21 0.8 J 3.4. I 30. (J :::;;\'lrnnL______ _______ _ f) 0 'J" - ')')'J~ 83.0 3n.S 10.8 31. 3 1.8 1.0 2 O-'_._--_. - --=':'~I.-=:":- 9. 7 L....:.:~J.~ ~ Avernge _________ _ ---'---'---'---11.7'1 1. 4\07.0 I 43.7 I 17.7 I 30.7 2.6 I 2.3 I 24.5! 23.11 0.5 I 3.4 I 30.4 o 
~ 

4TH CU'I'TINO Z 
Q 

BufTnlo______________ _ o 
42.S 43.5 22.3 28.3 2.0 3. 3 2. 0 2. 0 19. 5 28. 3 U. {) 2.8 '10.0 <1Du l'uits____________ _ ~40.3 40.S 24.3 26.0 2.5 3.8 2.0 2. S 10.7 28.5 0.8 2.7 a\}. 3 ....

Lnhollblll ____________ _ 61. 5 65.0 22.0 25.S 4.0 6.S 2.0 2.5 20.0 28.7 0.0 2.6 39.7 m
Bonger______________ _ UI4·1. :3 42.3 23.3 24.5 2.3 4.8 2.0 2.0 1~8 2&5 0.0 2.5 30.6 >-3VernnL ______________ _ :::;;46.5 as.3 22.5 24.. 3 2.3 4.3 2.0 2.0 20.0 27.0 10.0 3.2 :3S.0 o 

Averoge __ ~ ____ ~ __ t" 
2.6 

o 
4.7. 1 , 40.0 . 22.9 , 25.8 ' ,4. 6 2.0 I 2. 3 1 20. 0 28. 2 1 9. 0 I 2. 8 I 30.5 Q 

~ 
AVEltAOE OF 4 CU'!"rINOS >-3 m 

~ 
>-3 

BufTltlo_______________ 54.2 46.5 20.1 25.3 1. 6 2.4 2.1 2.1 23.4 23.3 0.8 3.4 ·10.1 oDu Puits_____________ 65.4 41. 7 20.9 28.3 1. 6 2.3 2.6 2.7 23.3 23..1 9.8 3.4. 4.0.1 "'l
TAlhoutlln_____________ 6S.1 46.1 lS.3 24.3 2.4 3.1 2.3 2.2 23.2 23.8 9.3 3.4 40.2 
Hnnger _______________ 56.1 33.7 18.4 23.0 1.3 2.4 2.1 2.0 24.0 23.3 n.!) 8.3 39.4 ~ VernaL______________ 5S.9 35.9 IS.8 24.5 1. 3 2.3 2.0 2.0 24..5 22.5 0. !) 3. G :30.5 ~ 

Average__________ 60.6 40. S 19.3 25.2 1. 7 2.5 2.2 2.2 23.7 23.3 9.8 8.4\--3o.s ~ 
>-

See table Al, footnote 1. 

2 See table AI, footnote 2. 
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CJ1 
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~ ....'l'ABLE A6.-Ave?·age coume8trol content, height, defoliation and malU7'ity 8core8, and other chemical constituent8 
f01' varietie8 and cutting8 of alfalfa, University Park, Pa. 

(') 

~ 
1ST CUTTING 

--, 
('ourncsLrol Height Delolintlon Maturity Crude N·lrl'6 ~ 

Variety Protein fiber Ash Fat extract t'l 
IIl60 IIl60 IIl60 1000 1000 8 ......

IIl60 1001 1000 1001 1000 1001 IIl60 1001 ZI I I I 
....I I I I c.=P.p.Tn. Inchu &ort l Scort' f'l,cent P.,ctnt Ptrunt Ptrcent PercentBuffalo______________ _ c.=160.3 134.0 21. 3 28.8 2.0 4.8 1.0 2.0 22. 3 29.2 10.6 3. 1 34.8 e..lDu Puit8 ____________ _ 74.5 149. 3 25. 3 31. 3 2.0 4. 5 ~. 0 2. 0 21. 3 29.3 10.5 2. 9 36.0Lnhontan____________ _ 62.8 14.6.0 21. 5 30.8 2. 0 5. 5 1.0 2. 0 20.9 29.3 10.2 2.9 36.6Rangrr_. ________ • ___ _ !=l125.0 97. 8 22.0 28.5 2.0 4.8 1.0 2. 0 22.0 30.2 10.6 2. 8 34. ,1

Vernlli. __ • __________ _ rn
69. 8 136.8 22.5 33. 5 2.0 4. 8 1.0 2.0 21. 0 31. 4 10,3 2.0 34.lj 

t:::1 
Avernge _________ _ t':l98. 5 132. 8 22.5 30. 6 2. 0 4.9 1.0 2. 0 21. 5 29.9 10.4 2. 9 35. 2 "d 

; !" 
o2D CUTI'ING 
":l 

:>Buffalo ______________ _ o72.0 28.3 17.5 15.8 2. 0 1.3 2. 0 2. 0 18. 3 30.1 8.9 3. 0 39.7 ~Du Puil.s ____________ _ 70.0 48. 3 19.8 16.8 2. 0 1.0 2.0 2. 0 17.9 31. 6 8. 6 3. 1 38.8 .... 
Lahontan____________ _ (')

89. 3 41.8 17.8 13. 3 3. 0 .8 2. 0 2. 0 18.0 30. 5 8. 7 3. 0 39.8Ranger______________ _ 88. 0 49.0 17.3 13. 0 2. 0 .8 2.0 2. 0 18. 9 30. 4 9. 0 3.1 38. 7 VernaL _____________ _ ~ 75.5 42.3 16.8 16.3 1.0 1.0 2. 0 2. 0 19. 1 30.6 8. 7 3. 4 38.2 Cl 
Avcragc_________ _ 79.0 41. 9 17.8 15.0 2.0 1.0 2.0 2. 0 18.4 30. 6 8. 8 3. 1 39.0 ~ 



3D CUTTING 

Buffalo•• ____________ 00. R
]}u Puits. _____ ,. _____ 72.0Lahontan. __________ '_ J 51. 0
HangC'r____ ...... _____ J 04.0
\'('rnaL ...•.. _______ •• 88. 3 .---.

Av(>rag<'. ______ • __ 96. 4 

Buffalo___ ••. _______ "_ 09.71Du Puils _____________ 72. 2
Lahontan__________ "_ 101. 0 Hanger. ____ .• ________ 105.7
VernaL______ • ________ 77.8 

Average______ • ___ 01. 3 

J Ree table .11.1, footnote 1. 
2 Sce table AI, footnote 2. 

59.0 13.3 
54.0 14.5 

115.5 13.0 
86.8 12.0 
75.0 12.0 

-78.1 I 13.0 

73. 8 ] 7.3 
83.8 10.8 

101. 1 17.4 
77. 8 17. 1 
84.7 17. 1 

84. 2 17.8 

29.3 
30.5 
24. 8 
24. 3 
25.3 

26.8 

24.6 
26.2 
22.0 
21. 9 
25.0 

24.1 

1 

3.3 
3.5 
7.0 
5. 0 
1.8 

4. 1 

2. 4 
2. 5 
4. 0 
3. 0 
1.6 

2. 7 
I 

2.8 2.0 
2. 5 2. 0 
2. 8 2. 0 
2.8 2. 0 
2. 5 2.0 

2. 7 2. 0 

AVERAGE O~· 3 

2.0 1.7 
2. 7 1.7 
3. 0 1.7 
2. 8 1.7 
2.8 1.7 

2.8 1.7 

2. 0 17. B 
2.0 17.9 
2. 0 17.9 
2. 0 18. 1 
2.0 19.2 

2. 0 18.2 

CUTTINGS 

2. 0 19.5 
2. 0 19.0 
2. 0 18.9 
2.0 19.7 
2.0 19.8 

2. 0 19.4 

24.8 
24.8 
28.4 
25.6 
23. 9 

25.5 

28. 0 
28.6 
29. 4 
28. 7 
28. 6 

28. 7 

9.3 
8. 6 
8.4 
8. 6 
8. 7 

8.71 

9.6 
9. 2 
0.1 
9. 4 
9.2 

O. 3 

3.7 
3. 2 
2.7 
3. 1 
3. 3 

3. 2 

3. 3 
3.1 
2.9 
3. 0 
3. 2 

3.1 

44.4 
4.5.6 
42.6 
44. 6 
44.9 

44. 4 

30.6 
40. 1 
30.7 
39.2 
39. 2 

39.6 

~ ..... 
>
"3 ..... o 
Z 

z 
(') 
o 
C1 
~ 
t=l 

r3 
::0 
g 
(') 
o 
~ 
"3 
t".l 
Z 
"3 

~ 

~ 
~ 
~ 
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'fAULT} A7.-Avel'age o01J,mest?'oZ oontent, height, defoliation and mat1wity SC01'eli, and other chemical constituents ~ 


fo?' va1ieties and O1.tttings of aZfalfa, Logan, Utah t:"' 


Cl 
qIS'!' CU1'1'INO 

__-.,._...__"____ .__.____~,_ ....__"'""______"____" "___,..._._,+..............-.______~!0'___ ~~._____"" ____"___ ""'.~... ._+...,...__,._, _____.... ..,_...~ 
 t' 
t"' 
t=:l('oum~strol JIclgllt De/oUnllon Mnturltr ('rude N·/reo 
~ 

Variety I , "I \ --,.- 11~itl ~~o l~~ r~t e~~ct Z 
1960 _~~~~~~~~~~~_____•__"~ ______" .... 

co 
coP.p.7(I. Inch" " Score I Score' Percent Percent Pcr"nt I PeretTIt Percent coJ3uITnlo_______________ 3.8 47.0 15.8 26.8 l.. O 3.0 1.:3 2.0 lli.!J :W.7 12.2 I 3.7 4·1. (\ 

Du Puits_____________ :3.5 55.8 15.5 26.8 1. 0 I. 3 2.0 2.0 11).0 17.5 11. 0 I a. H 48.2 q
LnllOnLtUl_____________ 5. a 40.5 16.0 24.5 1. 0 3.5 1. a 1. a 18. U ] 0.7 11. Ii 4.. 1 48.1 enHnnger_______________ 3.5 53.8 B .. S 2:3.0 1.0 :1.5 1.8 2.0 ]8.8 17.0 11.4 3.U 4S.\) 
VcrnnL______________ 2.8 19.3 15.5 23.8 I. 0 2.5 1. 8 2.3 IS.·1 17.3 J1. 1) I 4.0 48.5 

t=:l 
I'dAveragc__________ 3.7 49.3 15.5 25.4 I. a 2.81 1. 6 i 1. 9 -1s.-ori7~ 8~r-·iLG-I-'3.9-I--:n~i 
~ 

tl 

o 
2D CUTTINO "':j 

>
BuITnlo______________ _ a 3.5 16.3 2S.0 1.0 .5 2.0 1.5 lli.S 17.6 12.0 1--·;~""1"·-46:~ o 
Du Puits ____________ _ ~ o 3.515.530.8 1.0 1.0 2.3 2.5 ]9.6 20.8 11.4 4.. 0 44.2Lnhontnn____________ _ 1o 3.S 14.8 27.5 1.0 .8 1.5 1.5 20.5 17.3 11.9 4.5 45.9Rllngcr ______________ _ a 4.S 15.0 28.3 1.0 .5 1.S 1.3 20.5 18.1 ]].6 3.9' 40.0'·crnaL______________ _ ~ a 6.0 14.5 25.5 1.0 1.3 1.3 1.5 20.8 24.0 11.3 4.3 I 30.71 

Averngc________ --I a 4.3 15.2 28. a 1. a .sl 1. S l. 71 20.2 19.61 11. 6 r- 1.21-1.4. 4 ~ 



3D ('l'T:n:\O 

., .• '_' _ 5.0 42.0Buff/llo._. _ ___ .- J3.0 I 24.3 23.5 1.0! 3.0 2.0 !---~.O I 16.71 25.8 11.3 I 3.3
1)u Puits __ -- __ -- ____ _ 4.0 8.025.325.3 1.011 LH 2.01 2,517.127.211.2 3.4 41.1
Lahontan._. _... ____ ., 5.0 7.822.023.5 1.0 3.3 2.0; 2.016.023.5 1I.2 3.6 44.7 -"!R!lIlg('r_. __ ••• __ ••• __ _ 7.0 11.31 22.8 21.8 1.0 a.a 2.0! 2.0118.3 22.5 11.3 3.6 44.3 ::.VernaL..____ • _______ . ::;::11.0 20.8 20.8 20.S 1.0 3.0 2.0! 2.0 18.1 22.8 11.5 3.7 43.9 .... 

Avcrngc. ___ .----l~ 6.4l~1 23.0 I 23.0 I 1.0 I 2.91 2.0 I 2.11 17.4\ 24.41 11. 3 1 3.5/ 43.4 ~ 
o 
Z 

AVERAGE OF 3 CUTTINGS z 
Buffalo___ • __ •• _. __ ••.. 2.9 21.2118.8 26.1 1.0 2.21 1.8 _ 1.8 18.5 21.4 11.8 3.8 4.4.6 

(') 
o

DuPuils_. __________ • 2.5 22.4 IS.8 27.6 1.0 La 2.1 i 2.3 18.8 21.8 11.2 :{.7 44.5 t1...Lahontan_____________ a.3 17.3 17.6 25.2 1.0 2.5 1.61 1.5 18.8 1!l. 2 1I. 6 4. 1 46.3 .... 
H.unger___ .. __ _______ 3.5 23.3117.5 25.0 1.0 2.4 1.8 1.8 1!l.2 19.211.4 3.8 46.4. [>j 

VernnL______________ 4.6 25.3 ]6.9 23.:3 ~_ 2.3_,_.2:~___._::.~i____ l!l. 1 _ 21. 4 11. 5 J 4.0, 44.0 ~ 
::;:: 

Avemge _________ -' 3.4 I 2LO I 17.0 I 25.4\ 1.0 2.1 I 1. 8 1 1.9 I 18.91 20.6 111:51 :l. 9 1'--4v--.-2 g 
(') 

Sec table AI, footnote l. o 
~ 

2 Sec table AI, footnote 2. "'3 
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c:r o 
T.\rII.H ..\H..-.J~(,lJn l{(llUl~'e.<; fl'OI~ f'Oml,irud (flllilyslH 01 /'a,.iwwI' 0/ (,Olml('S~rol (p.p.m.. ) and J>ercmtaqe of otlt(l'

cltemU'al constllUC1tt8 m alfalfa 'Wltlt 1'{'[jI'(','t81Ol18 of {'()ultl(wtrol u·tth ()tlt/'~, clWl'a{'/eI'8 fm' lOGO 1 ..:: 
tr. .,.o 

Bouret) 01 \'nrllltlon l'mtdn Crud., !11",r~~J ... ("ouIIIcstrol .HI! Fat !\~ln:\~ (tl tr~C't. 
~ .... 
nReplientions in locations __ J 71 5:3. 47 0.3,)14 1. 7\70 O.nU2:3** 0.OS07 2,61;17 ;..

Lot'atiollS (I.) """ ____ _ 6 70,300. 01 Hi 154.41.J7*'t 4{j·!. !Hl21 ** .JS. U551"'* 4.aU02** 173. ISO,)"'* t"' 
Hpgrcllsiol1' __ .' __ • ___ _ G. WI2 1 -I(j!). 50013 .. 26:l. oJ,lll ** a. 202S·· :n 6:laii . I::lDevia tions .. __ .. _," .. __ . ~ I::=~~=--:'" IS4.0;;U4** 4na. !IS)) H O. 050a** oj. oaolS** 2nO.2!102** '1\"UI'i!'til'S (\') __ ._. _. ______ _ 4 I 2, 5.''i2, oJoJ" ~ 2 . .I (j,j 1 2. 7!lOO · ii2;30 .2-t.:j!) 2. !l214 f:Rpgrpssioll. ______ .. _. _. 1 ! a.5S7G - 2. oJ:.!2!!';" .1511 - • 22!l7 1. ·14.15 t tr. 

YXL. _________________ _ 3 1. GlOB 2, HOOO • (H70 • 24S7 2.2!:H
])('\'intions ______ " ___ _ ,.., 

24 650.50** .2.741\:1** 7.0417** • 27M** 137aH ! a.417S %H!'gmssioIL __ •_______ _ 1 , ____ .... ,.. _ l • OOG!) 2r;. !IoJ4k* .j. • .OO:!7 " • 2}'6:l~· 20.3564** D('\'ialions __ ... _____ •• 23 ,. ______ .. ,. _ r 2.•~(j7ii** G.170:!** .2!lIJO** .130kH 2. (1)14 t.oError a. ____ .. _____ ._. __ _ !!8 77.:i!) .3211 ). Im;)7 .0!l72 • (J413 2,27!H t.o 
~Cuttings (0) •• _"_'_ • ___ _ 2 ] 0, 03~. 27 J.).4002 2. i)2{):~ O. :ums* • 23S0 6. ,1;1;07Upgr('ssion . _.• _••• __ •• ~ ,-._ ......... ". 1. 520 I l' 2. (11 au r 17.0SS!l* • .J742 .. 4.:H75r
D(·\'intioIl5. ___ • _" __ _ r::-"",_ .. - ... ,~"''"--"', ~ 20,2743 2.4aS7 .5127 0. 44:mCXL. __________ ... _. ___ . • noao

12 8, 72U. 65** 30. 'JH44** !i!l. oa30** 2.IHH** fn· 7042*" 511. \J7oJX**Regr<'ssion _• _________ " 1 IS:l. 22-1 7** .~ 70. llS-l.7 .2040+ .8073 .;.. 42.5(j20 oDC\'ialioIlS ___ • ______ _OX,,___________________ _ 11 Hi. 5!l!)!! ** .i7. U47;;** 2.2S60** · (i!).JS** ill. !i577 H tr. 
8 ::::i,= ~~9.: ~i ~:I ~ · G400 5. Ma·l .1140 .0')2:3 5.3:311Uegr('ssioll ___________ _ ;1 .5054+ J(), nJ() 1+ · ()()02- 15.J1 .~ 13. oJOJ!)DeYiatiollS. ______ • __ _ 7 4. 7707Ox \'X L ____ .. _. _________ _ ::::::8:;.~:(=)~~~j · G532 • laOl) .07:!() oj. 1005 o 

48 "l1-• • I 1. 0!142** oj. :l540 · 1706* .0853* 4.442fl*Rl'gression ___________ _ 1 . 77U!l+ . R422+ .1357- · :Hsa 2. :l2:i5 .• :-.Dp\'iations. _________ .. 
Error b _________________ _ 47 L JOOS** 4. ·12(J(i 1714* .osna'" oj. 4SS() * o 

270 :::205. oJO • <lOS5 2.S!)44 .0006 · 04.Xl 2. il4(}!1 .... 
IJ --------..-~--~---.- 4 
t"' 

I *and ** = Significant at 5- and I-percent lew·ls, rl'SI)!'ctiwly; +or - following J'('grrssion 111('l\n square's indicat(·g sign of regn'ssion ,.:: 
coefficirnt. r1 

2 Only 54 cU. in error for coumcstrol. ::: 
tr. 

http:02-15.J1


<
:>
::: ....

'l'AIH,g AO.-M(,(In squat'es f'l'o?)'/, analyses of l'cn'ian'('e of ('(Jumc.vtrol (p.p.1n.) and pel'('entage 01 ot/tt,· rlLCmh'al ;:. 

comrliluenl8 in allalfa, with ?·egl'tssion.•,>, 01 ('()um6'Jtrol ("X'" I'll ria"'{ ) /I·it h otItfl' (,ha i'1l("telW j(Jl' J[)(}fJ, /Jlll'(,'"' ( 'alif, t 
8 
o 

Asll Flit 	 :-\'!rI'I'I'lln\rlSOuret' 01 \'nr!(llton d.!. I '~'~'ou;;:('~~rol I ('rulh' liI><'r 	 ....PriM11\
--"-.._..._-.. ....-., 

I 	

~ 

~ 

Hf'plirnliolls (It). _. ___ • __ . ) 7.2200 i n.O)k4 :1,!lU~)o.** O.n007 O.()51\1 2. (11)(\** 8\'/lril'lil's (\') _•. _ • ____ ._ •• 4 204.0000**; (1.44"1** 10. '21'20H , • '2S:l!J ! • OHlin \ 1. ISII'2** r-;
R('!?;l'('ssion ______ .• __ _ 1 :l. 54!)!1 + : Hi.4iioa I • 0000+ .Ill \l., ; . 4 1:2:2:2 j * 

.... .,. ~ "" _.... ..... ..... " .. OJ i ~ De \'i [ttiOilS •• _ • ___ •••• 	 3 ., ..", ....., 7.414:1**; H. I:lO(l**: . :~7Sii .IOS:2 • 'llm* t'l 
4 Hl. :~:JOO .O:l47 I .07!J5 1 .0S(l1 : ~ 8

Error n•.,_ , ___ •____ • _•• _. 	 .oass i .O'27S U) 

Cullin!?;s (C) ••.•• '... __ .... 4, 1,5\)0, u500**j n. H5;i(\** :15. ~O!)(J**, 4. 1_1 IS"': • (j 17'2**i :2J. 742.i** ;0 

H('!?;res!<ion _____ "".. • 1 .-_._---! In. 9S77 + t 4. all'2· ; ,:3:mo; I ,21H7 + i I. :\OIi7, o 
Dlwin lions •• __ • _" • __ B --- .. _·c .- i 9. 47X5**, ·F). 175n**j 5.400X" · 7'2kJ**; 2)0., 5;).\.i** t" 

.. __ ~ feX".______ " ...._.... __ 	 I. (i2ss**· 4. ()O77**~ 'N l'i* I I 7.0iOI**' n16 	 .OOS.! 
He~l'('!<sion _•• _" •••• _ 1 ____ ~~~:~-1~3~*1 !l.k'20;l I .45(1!1 I .4ll5:l .OS7a lit J(lll:!' o 

~J)(·\"illlions...... __ • __ 15 1. :NO;{* 1 4.k~4jIH: .2124* .0072 I Ii. ·J():!7*'" 8 
Enol' 1).._._ •.. _'" .••• _.,_ 220 .... ·32. aSH-Oj • ,1'1\)7 • Hl7S I .OS:32 · !l5'2S i ,(\lIn t'l 

~I 8 

I S<,<, tnble A8, footnote I. 	 o 
":120 dJ. for COllmcsirol. 
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t9 ~ TABLg A10.-llleo.n .YrjU(l1'es frorn, analY8f8 of 1'm'lance of ('ounu'strol (l).p.m.) a7ul pe?'('ent{lge of othe?' chemical .... 

('on8tifllenlR in ([lfalfa !I·ilh "('gr(wNio718 of ('oume8h'01 (";{"~ /'f/i'illb!f') 1l'it/L other ('/tm'a('/('lW /01' ],Qljf), Ame8, ~ 
101(,((,1 t'" 

b:I 

____s_ou_r_CIl_ of vnr!~tto~__ -*T d.f·f~-~~~~III(::(r~~~· A~hProtl'ln ('rIHlt· filwr Flit N·fn1c rxlrll<'t ~ 
t"l 

Replications (H,) _________ _ jlA5.2100 0.7584. O. (H2·\ O. JO:3:{* 0.0005 0.2210IVarieties (V) _____________ _ 4 ;3, 087. ·J075** _ 7:15H Ii. (i88·1* • 13·10* · 1101(1** 4.8(1(11 ~ Hcgrcssion ___________ _ I . 12U!l- 22, :l577 i • OO:la~· .....Deviations. ______ ._._ -----------·-1 **i · HiI8-- 15. aO(l7 - * 
C;>Error a _________________ _ :I 

,1 .. -- .. "" .. "' ... ~ .. - . !l:~80 I. ·Hi5:1 • · 1775* · (1)88** 1. 3850 C;> 

CUllings (O} __ .... _______ _ 188 . .JUDO _ "'200 • !lii7(i ! • ()I 20 .0050 .8477 C;>

2 :30, :l2!l. ta50** '14. a:I%** 71l.2052** .8·1:37** .21-14** 55. 50·1·1**H<'grcssion___________ _ 1 _••. ___ .. 88. 67H!!+· ** 77. -12 IIi .. .OOO:l+ .40(12+ ** 1. Ill5\)· C1Deviations __________ _ I _ 0004 .... <,.. ~. -->". - " -CXV________ . _________ ... SO. !l888** I. IiS71 ** .0225 lon.5121l** fn8 ;3, 281. 0703** 1. 288:l 7.00(l!J* .1458 .lnS7** O. 7010Hegrcssioll____ • ____ • __ 1 . 7:157- 1.1·1\)1 +. .O2()8+ t:l"'~"'T·""''''_'''_''~_])e\'iations__________ _ · ()·II 3- • ()2·11-
Error b _________________ _ 7 .......... --.~..., --.., I. :l!i72 7.8·1:17* · lli07 .181l8** 7.0541l* t"l 


~ "a 
2 10 420.0:3-14 .8050 1. !)245 .OU:!7 .0172 2.2358 !":l 

-~~""----'-"""'" .---- o 
I Sec tablc AS, footnote 1. "'l 
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TABLE Al1.-Mean s(Juares from a7Ut1yses of v(wiance of (,OU1Mstl'ol (p.1).m.) and 1)('?'centage of other chemicaZ ... 

>
>-3constituents in allrilla witlt 1'eg1'e8sionJ 01 cowM8l1'ol ("x" 'l.1atiable) 1('ilh other' ch(liluf'lers for 19M, Manhattan, .... 

l(an8.1 o 
~ 

-.--. ~--" -...., ....... _---- --<-...~,~---.. ->~ --.---------........-.----~~...,-~~
y-' ",.- .... 
SOurce ot \1IrltlUQll d.1. , ('oulllestrol Pratt'in Crud(' Ii\)('r Ash r-'--;n:"'~=~ I. x.rr~~(.~t~~_,_ ~ 

~----.. ...,...,~ ~~,. ~ ---.- .-,....,,--~--.-------~--." -- .-----.. (j 

Replications lR) .. - -, 1 O. :~OOO 0.21:\2 3.175:1** O. 1050 O.05IR 5 . .J7GO* rj 
o 

Varielil's (V) 
~ 

4 4!H.0325* 1.05711** R. 54a2** .511lii .laR! a. 10·11)* ~I 
Rcgrl'lisioll •.•... I I. 80l!l f· .0554 + .o£la!! • 1:l7n t 2. \.1556 ..- M 

mDeviations •• _.• :3 1. US8!)** II. :1725** .7278* • 1:187 a.15-16* .., 
Enor a ••.. _• _ ••.. _ .. ,\ -IS. 7725 .OS4\) .la7\) • (j()()1 .055G • a5!)J ::0 

Unitings te) .._...... a 5, !l\)2. 12(17** 2(i. 0(127** 21. (I!162** £I. ·17£15** .7055** 17.0617* ~ 
RcgrelisioIl._•• _. _.. •. 1 " .... '" -~ ...... " ~ -~ '" ". • 15aO i- -17.7501 +** .4707 - 5.6808-

(') 
~ 

Dcviations. _•. ._ 2 :W. ()J 70** 8. lill!la 17..7(j08*!lOSO· * " · R280** 22.7"522* 
CXV~__ ... __ ]2 ---220. 0808** I. 1!105** 4. 1522 • I !l!IS • 1128* 5. R7JO y,

RcgrChsioll ••.• ~ -' . 1 .. ... .. ,.. .. 6. 8S22 t ** 1. liSI !It .OO£l<l1 I • 050R~· ] 7. 804!) * ~ ~........ 


()p\'ialioJls .. II • (l07H* 4.:mI7 .IIS·J* 4. 7801l M
.217·1 Y,I 

o 

gI'l'ol' h. 15 54:7780 .2072 :1. ()2!)5 .H:H .0120 a.7167 >-:l 
~~~,~___,_I_....,.....,_<~_____.•!_ _~............ __~_-, ,,<IT-- ____,__" ....-_~_""........ _. __ ~__"._""~.. _._ 
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T.\Bl,l~ AJ~.-ilIean SqU,(lt'fS ft'om analyses of 'lJariarwe of cournesl1'ol (p.p.m.l and lJer'centage of other chemifal ~ .....('onv/ it wn{.v in al flllfil 'll'ilh t'egre88ions of courn,.('8tl'ol (".c" /'(Wi{lblt,) l('il/t ofIter clwrfU'ter8 f01' }tJ6'O, Linroln, ()
::~Vebl'.l r 

--... -.-~~- "~..-,-,----- b:l~~o:;r::r::I~~--~'~'-}- fl.f. l .... ..:~~_I_J __I'~~~-~:~-=--J Flb<-r ! Ash Fat :-,·rrce cllracL r: 
-»'7_ ""~-_ , ~ 

H('pli(,llliolls (lO .... 1 Ill. 81\00 0.0182 I. 2161 
M 

O.12XO 0.Oa60 :1. 1883 j,'nri('lil's (\0) _. .. •• _. .. .. 4 995.6575** 7.8754** 1:1,0621 05407 .4\)66** 2..5565Hegressioll. _. ___ •••• _ 1 ,••• _. ____ • ___ _ I Z
12.4977 - 24.44!l7 t·1 .4165~ .51lH - .0000+DevinUoIIs_ ___ _ _. __ .. 3 6. a:146** 9. 266a .5821* .4641 ** a.4()S7 C;;Errorn _______ ........ _.• _ -----42:6350-4 .1646 a.40S7 .01:155 .O04!l 5.6515 Co> 

CUttings eel ... _---_ ..,. .• 2 40.1400 5.0922** I. UR05 .7802** l.aR44h 1.5202 Co> 
Rl'gl·('ssioll. ____ ••• __ .. 1 a.5:354- 1.62!l!lt .0365-- 2. 6():34 + **' 3.0081 +Dcvintions .••• _.... __ • I. t16.6480** 2.:1314 1. 5238** .1655 .0502CXL._ " S 40a.0613* 1. 0600** .05:m .2251:1* .1077 2.1:1454 fhRl'gr('ssioll. __ ••• ___ , _ I 3.5451 + .755R+ .3(;H6+ . ()()49- 13.63():l- *J)('vinliolls •• ________ _ i:' 

Error b___________ •. _. __ _ l~ 1----io§~i~§6-- .7050** .IlS22 .2054'* .1224 1. 3047 ['j 
"0.1229 2. 7:303 .05!l5 • 04 I!.I 2.4642 
!"3 

I fil'l' tl\blc AS, footnote 1. ~ 
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'l'Am;g Al:3.--JIean 8qU(l?'es ft'om analyses of 'Variance of c01anestr'ol (p.p.rf/;.) and percentage of othe?' cltemical :.. 
...:;

('oJlRtilucn/8 in alfalfa.. 'with 1'eg~'es8ionJs of coumest'i'ol (".1)" Nl1'iable) 'with other' ch(J1(l('tel's fm·lOriO. Rakiglt. (3
N.r'.t ~ 

~~1 I 
.... 
ZSource or "urlallon d.f. Protein ('ruac fiber __ Ml~,J__ ~:___ ;:':·free ~xt~ ct 

---.... ---- (j"-'- o 
Repli('ntiollS (It) __ .. ....... 1 207.0200 0.:3062 0.6786 0.01S0 0.2755 0.01 36 ~ 


!;oJVnri\'Ues (r) ____ . .. --
~ 

. - _. 

" 

4. 287.4.925 2.5276 1.7:308 .5113* .0480 I. III 18 .... 
ll£'grcsAioI1 ___ _-"'""' ...... _... 1 ..-----_ .. _----- 2.104.:3- 1.8241+ 1. 0193- * .0001- L :31 77+ l>:l 

Deviations __ "_ _........... -- :3 .. ----- ....... ---- .. ':.6388 I. 7118 · :3420 .0652 1. 14H8 ~ 
Error a _. ". _____ _- ........ - ... ,.. 4 19:3.5550 I. 8180 2.3828 · n6SS .0572 3.1470 
Cuttings (C) ... __ .. ...... - .. - 3 13,748.9633** 118.1009** 139.3903** · fj250** 2.5366** It. 25 27** g

Regression ___ _ 1 143.5306+ 49.0234.- .9711- .8588+ 24.2066
--~---- ------------- .. (')Dcviations. __ _ 2 105.3861** 184.5738** .4533** 3.3755** 4.7757*eX\' __ ._. _______ _ ------- ---- .. --------- o 
-----_ .... ]2 472.0958* .6H14 1. 0172 .0510 .0740 L0354 ~ 

...:;Regression ___ _-_ ..... -_ .. 1 ..----- ... - ... ----- .9775+ 2.4H82- .0129-- .02S4.- .76 37 I- t'1Deviations. __ _ 11 .0545 .0781--- ... --- -------- ... ---_ ... .6654 .8826 1. 0600 Z,BITor b____ • ____ _........ -_ ... 215 150.7657 .3410 1. 1706 .0284 .0346 .84 J3 ...:; 


---.......- ...~--- ..,"." o 
---~-~---~ 
".1 

1 Sec table A8, footnote 1. 
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TABLE A14.-Mean squares f1'om analyses of 1:ariance of coumest1'ol (p.p.m.) and percentage of other chemical ..... 
o

constituents in alfalfa with 1·egres.sion-s of coumest'i'ol ("x" v01vlable) with other cha1'acier8 f01' 1960, Univenity .,.. 
Park, Pa.1 t"' 

td 
~ 

Source oC vllrlol!ofl I d.r. Coulflrslro\ I l'rotein"-! . ('rude Ilbfr I Ash 	 N·rree extract t"' 

---------'-, 	 I.__ ~__ -. t"' 
~, .,~------ -~-.-

I 	
l'j 

HeplicatiOlls (R) __________ 	 ...::1 48.1400 0.2765 5.3089* 0.0512 0.0554 1. 7328 
~ 

Varieties (V) ______________ 	 Z4 1,376. 8875* .7960 1. 4.162 .2052 .1430 .8979
Regression ____________ 1 .. - .. _--------.,.. ... .0380+ .1837+ .1485+ .0794- .5286- .....
Deviations___________ 	 t<>3 	 L 0487 1. 8270 .2241 .1641 1. 0210 t<>Error a __________________ -------------

4. ] 23. 537.5 .1784 .28:39 .0397 .0396 .2981 t<>Outtings (0) ______________ 2 1,148. 2650 33. 5850** 77. 81!J9** 9. 3462** . ]741.** 211. 7466** 
Regression ____ •_.. _____ 	 q1 	 18. :3372+ 4:3. 827\)- 5.8831+ .0319- .0083+.. -------------Deviations___________ 1 -----_ ... _------ 48. 8327** 1)1. 8110** 12.8094** .3163** 42:3.4849** 1'r.oX V ____________________ 8 2,337.5713 .6056** 3. fi086** .0671 .0828* 2.2664*
Regressioll ____________ 1 	 1. 8515+ 4.5471+ .0807- .0234+ 8.0009-**
Deviations___________ 	 ~ 7 ------- ... ------ .4277** 3. 360:3** .0651 .0913* 1. 4471 "dError b__________________ 10 858. 0430 .0439 .6024 .0776 .0210 .4755 	 !-3 

o 
":l1 See table A8, footnote 1. 
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TABU} A15.-.ifIean sguares from analyses of variance of percentage of chemical c071-stituents in alfalfa for 1960, (5

Logan, Utah 1 z 
..... 

Source of varIatIon Zd.L CoumestroI 1 Protein Crude fllwr Ash Fat N-Crce extractI--"-.........' o 

RcplicatiollS (ll) __________ o 

d1 0.0500 0.0203 0.0050 4. 43J4* 0.0219 5.3763\'urietics (\') ______________ 4 .6688 . 5416'~* 10.(1)47 .2970 .1203 7.434.4 ~ Error a __________________ t:j4 .7062 .0776 3.0124 .3648 .1666 5.6580 (f1Cuttings (C) ______________ 2 68.4500** 20.1046** .3174 1.2732** 51. 2404* Cx \' ____________________ 115.1302"1 ~ 8 .6688 .6735 9.8732 .1475 .0592 8.9493Error b __________________ g10 .5750 .7600 10.4582 .1728 .1625 7.3443 
o 

1 * and **=significant at 5- and I-percent levels, respectively. o 
Z 

2 Third cutting omitted in analysis of varian(!e and regression analysis omitted because 13 samples were lost in shipment. Degrees 8 
of freedon. were as follows: Cuttings 1, euttingsXvarieties 4, error b 5. t:j 
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T.\BLg AHi.-J1[ean sgWl1"eS front combined ana7yses of I'm'iance of coumes/i'ol content (p.p.m.), height (inches), 
and defoliation with 'reg1·e.~sion8 of coumesL'I'ol C"m"rrl1'iable) 'Leith JteigM and defoliation, allloe-alions exct:.pt r'3 
IO'wa 1 a 

C'l 

~ Sourco of vll,""l!on d,C, Coumestrol Height Defoliation Source of variance d.c' Coumestrol TIelght Defoliation .... 
- a 

:>
CXL____________ t"

Years 0.")-------- 1 2,565 4,162** 33. 0 10 21,948 386 23.1
I..ocations (r...) _____ 5 115, 278* I 1, 692** 58, 6** Regression ___ 1 1,708+ * 6.1+ cd 

___________ 1, 101- ~----------llcgression ___ 1 238.4+ * Deviations ___ 9 239 25.0 ___________ 1, 840** CX L____________ ----------- ~ Dev.il1tions ___ 4 13.6** 2 143,801* 84 t"84. 5**yXI..____________ 5 30,884** 257** 5. 6** Regression ___ 1 163- ** 169.0+ ** t'l 

Regression ___ 1 474- 2.2- Devitttions___ I 4 0 ::2 
Deviations___ 4 203** 6. 4** CXyXI... ________ z----------- 10 30, 418** 534** 26.0**

V I1rieties (V) _____ 4 4,001* 122* 7.0* Regression ___ 1 553----------- 105.8+ '" Regression ___ 1 119- 27.7+ ** Deviations___ 9 531** c..:>----------- 17. 1**CXV____________ ----------- c..:>Devitttions ___ 3 123* .1 8 1, 798 16* .9 c..:>VXL____________ ----------
20 1,150 19 1.8 Regression ___ 1 42- * ----------- .7+

Regression ___ 1 Deviations ___ q----------- 49+* 11. 0+ * 7 --_ .. _... _---- 13 .9
Devitttiolls ___ 1!) 18 1.3 CX VXL_________ 40 1,285 10 .8VXy____________ ... _--------- ~ 4 452 20 1.5 Regression ___ 1 ---- ... ------ 68- ** 1.5+Regression ___ 1 Deviations___ ~2+ 4.6+ * 39 9 .8
Deviations___ ----------- CXVxy________ .. ---------- l"l3 ----------- 26 .5 8 752 4 1.1 "CVXYXL. _______ 20 1,120** 11* 1. 0** Regression ___ 1 ----- ... - ... --- 2+ 3.3+ * ~ Regression ___ 1 3- O. Devitttions ___ 7 4----------- ---- .... _----- .8
Deviations___ 19 CXVXyXL_____ o,...---------- 11* 1. 0** 40 990** 6 .6**Cuttings (C) ______ 2 74,235 275 64.0 Regression ___ 1 5+ 1.5+ 

"'.l 

Regression ___ 1 550+** 36.3+ Deviations___ 39 >6 .6**----------- ... --------- ...Deviations .. __ 1 Error ____________ (;)0 91. 7 333 435 7 .2----------- ::<l .... --- a 
1 * and **=significallt at 5- and I-percent levels, respectively; + or - following regression mean squares indicates sign of regression ~ 

coefficien t. ~ 

::<l 
t"l 

http:exct:.pt


TABLg A17.-i1I('an 8(jU{(1'('!J from analyses of 'I'arianee of eottme.~f1'07 e011{('nt (p.p.m.) and height (ineltes) 
with 1'eg?'e88ions of comnest'l'ol (".::v" variable) 10ith heiglLt, Neb~'allka, J>ennsyll'ania, and Utah (3 cutting8 
included in analyse8 of variance) 1 ~ :.

::0 .....
Nebraska Pennsylvllnla Utah :.-

Source of variation dJ. "'3.... 
Coumcslrol lfelght COUJneslrol lIclght Coumcstrol llelght 0 

Z ----------------------	 ~ 

Years (Y) _____________ •.• _____ _ 1 5, 861i 040.00** 1,483 1,216.00** ]0,305** 1 703. 00** Z 
Varieties (V) __ ..... ___ .... , ____ "" 'J 3, 025 11. 00 I, 986 41. 50 70 , 32.75** nRc>grc>ssiOll ____ • _. __ .. ___ .. __ .. 1 2.07+ • _____ • ___ ._ 08. a5 - • ___ . _. ____ • 32. a5- 0.. - ... _.-,.-- .. -- .. -.Deviations _____ ... ________ __ 3 ....... _.. _........ _... 1a.08 _________ • __ 22. 55 ______ • ___ ._ 32.88** c: 
y X V -_ .... - _-. ___ -- --- _-- _____ _ 4. 1,100** '1. 50* 2, 072 0.00** 43 4.25 ~ 

] .15Rl'gn·ssioll __________ •• _____ _ 	 13. 01+ ** _. _________ _ a. 95+ __ • ___ • ____ _ t'l .. -,.,-- ... ----~ ... 	 U1DeviatiollR ________________ .. 	 1. 80 ______ • ____ _ 10.68** _____ -._. __ _ "'33 ~---	
5. 62... -- ... .. -... ~Cuttings (C) ___________________ _ 	 :::::2 22, l!i7 611. 00 30,450 1, 058. 50 6, 256 65. 00 0077. ,}O+ ___________ _Regression______ .. _. _ .. ______ _ 1 	 2,062.31+ • __________ _ 55.7:3- t".. ------- .. - .... -Deviatiolls________ .. ________ _ 24,1. 51 ____ . ______ _ 54.60 	 ___________ _ 

] 	 74. 27CXY__________ ._______ ._. ____ _ 	 n
2 ----i8;584** 130. 50** 13, li88** n4.50** 5, <17!l** 45:3. 00** 0Hcgressioll _____ .. ___________ _ 1 250.30+ ** . __ ,, ______ _ 246. 93 + ., .. _._.__ ._. 65. al+ ~ 

])eviations. ______________ ._ ---------- ... - l. 61 • __ • __ • __ ._ 1,182.07** ._. __ ....... . 840. 69** ..31 ---_ ... _----	 t'lCX V.. ___ • ____ •• ___ .. _... _______ _ 8 1,820 27. (12 3,008 9.00 50 3.00 ~ Rcgl'l'ssioll _________________ _ 	 104.57- * • __________ _ 30. 60+ ____ ._. ____ _ ]5.3l- "'31 -----_ ... _----Deviations ________________ _ 7 	 lQ 63 • ___ • ______ _ 5. !H __________ ... L 24------------	 0CXYX V _____________________ _ 8 1, 172** 11. 12** 2, 313 0.00 :i2 2.62 ~ 
Regression________ • ________ _ 	 .45 - ._. ____ • ___ _ 7.48+ ___________ _ 

1 .. ---- ..... - .. ---	 3.78+ 
Deviations .... ______ •.• ____ _ 7 	 12. {)5** _______ .. ___ ~ 70 ._. _____ ••• _ 2.46------ ...... ----	 ~ 

]~rror______ • ________ _ 
2 liD 	 "i 

t" 
-- 1:32 1.78 I,501i 4.77 38 I '1. 77 po. 

~ 
1 Sec table Alii, footnote]. >
2 ,1,1 cU. for Coulllcstrol in Utah. 
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T.ml,J·; ~\.18.-L11e((n squm'(;s fl'o-tn rtr/alyses of I'Ill'imzre of cowlleN/roT ('onlnti (I).p.m.) and hei{Jltt (inches) 11'ith 
'{'erJ1'ession.'J of cottmest'l'ol ("::ell 1Hwiable) 'll'ith hei{JItt, Califomia. 11anR((N~ and .forth Carolina. (4 cuttings ;.3 
included in analyses of Il)ari(l'fIce) 1 • t'l 

o 
iT' 

~."~---~---.....-.,-...,...,---. 

CnUfnrni!l~ .._._ ,, Kansas__ ....... ___ l':orth C'ftrnHnn Z 

"ounl'ol\'!l"latfon d.r. !~~_____,_~__.___•. :__ ~_._.___._ _'~""___,~___ ' ___ () 


>

t" 

1---" . "._'-----.... -.--......--. ---..~--__ . '_'~__'-"'___~__"'_ 
• . ('oum~slrol I Ih'lght ! ('olllJ1I'F(rol Height l'Olltn('slm\ i HeIght 

OJ 
r:Years (Y) ____ . .. _. .. .. _ . _ ___ .... 1 I, 140* 32.00 Sl, ani S6. OO**! }."j, 6()2**; I. ;{OR. 00**

Varieties (V) _. . ...... __ .. _. _.. _.. __ _ ~4 :!76 57.50 2, aUl 22.25. 754 I GR. 00**Ht'gn·ssioll .. _.. _.. _____ . ____ _ 1 ,. ____ ... ~ 
1JO.4:~·· 1. a6 - I _ "'" .... :31. 27 + HDeviations ____ .. ___________ _ ...:: 

i 'J() .J 1 1 !
YX V.. ______ .. _____ • _. _______ .. 3 3!l.H4 -" - I ....... -- -. 80,24** ~ 
4 111* 57~ 25 2, ];j6**j 15.2Ij** :368 G. 00HrgJ'('ssioll. __ . _____________ _ 1 uo. on·, 14.01·- ' .. ___ . _____ • 5.7G- ..... .. - .... -- '1Deviations _____ • ___ • ______ _ 3 _____ .• _ 46. aD --"'- .. ~ ..... ' 15. -16** j ____ ._ .. _._ 6. OS "'"c.>Cuttings (0) __ • ___ .. ___________ _ 3 I, 67!! 42. aa S2, 622 140. :33 10,441 25S, 67 Regr'('ssion ._ ... _. __________ _ "'" 1 88. 5!l- _" a!ln. 42 t· ... . _ .... 41R. 6J tDeviatiollH. ______ • __ • ____ _ 2, _______ ..... HI. 20 . . . . , 10.7n I 178.70 ~ Cxy._ ........... _.... ____ ._ ... _ if.
3 2,0111<'1< 'J,~L 9~)** Hi.I,I)'2**) 2Ul.00** ! 1Il,2UH** H2!). 67**
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'l'ABL~J A19.-iIlea'n S(lUW'eS /1'0171, Cl'llalY8(,1'{ ojl'm-innee of OOlt'lnestl'ol 
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(";v" '1,(tJ'wble) with height, .limes, IOIl'Il. IDU'1 1 

d.l. CoulI1estrol Height 

Vari('ties (V), . 
Rt'gressionDeviatiolls __ • _. __________________ _ 

VX R.__ ••• ______________________ - _____ _ 
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TABLE A20.-Tlmiety and Zocation 1nean squares from analyses of 'L'alia7ICe of defoliation 'with regressions of >
t" 

Source 

Varietics____________________ _ 
Regrcssion __________ . ___ _ 
Deviations_____________ .,_
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Deviations____ • _______ • __ 

1 Sec table A] 6, footnote I. 
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