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Cross Breedi~ Lupines. 

Introduction. 

The work of which this paper purports to give an acc ount,was 

done as the pr actical part of a course in Plant Breeding offered by t he 

writer as a part of the work for the degree of Master of Science. 

The subject of plant breeding has claimed a great de al of 

at tention from both scientists and practical plant breeders in the l ast 

few years , and while much progress has been made, no f ield of investiga -

tion is more inviting today. This paper deals with the description of 

t he pl ant s used and the technique of t he work; the re sults to be wr itten 

later when t he F2 and F3 generations have been grown. 

work was begun in the fall of 1908 , but the only result of tho 

session of 1908-09 was the experience gained. Though several mistakes 

were made which caused the worl: of this session to be a failure so far as 

results were concerned, two were primarily responsible. The fi rst was an 

a ttempt to transplant the lupines whi le small. Not a s ingle transplanted 

lup ine lived, a lthough all the precautions usual in such cases were ob-

served . Subsequently no attempts have been made to reset the plant s . 

An old,well established plant is seriously injured i f any considerable 

number of its roots ar e disturbed. The second cause of the ne gative 

results of the fi rst year was the failure to sterilize t he s oil in which 

the plant s were gro'\Vn. As a conse quence of t his , a l l t he plants were 

killed by a wilt, most probably caused by a Fusarium. ~he small r ed 

s) id.er , Tetran:rchus bimaculatus Haw, which is sometimes a se r ious pes t 

·n gr eenhouse s , vm s aloo vo r:T -:1. ct:rimenta l to the he al thy growth o:i:' tJ.e 
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plants . It was l earned, however, tha t it could be controlled by 
, 

thoroughl y syringing the pl ants with cold water , taking care not 

to wet the bed . The precautions t a1rnn to prevent or over come t hese 

diffi culties in subse quent efforts are noticed l ater. 
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The Genus Lupinu.s. 

The genus Lupinus belongs to the family Leguminosae, or pe a 

, family. Tho name lupine is derived from the Latin word lupus, meaning 

wolf. This name is said to have been g iven them because they were sup-

posed to imp overish the l and- a stranee assumption since t hey are 

nitr ogen gathers. 

Wyman , in the Cyclopedia of Horticulture, states that there 

are about 80 species, whi le Britton and Brown, in their Illustrated 

Flora of the northern State s and Canada, p lace the number of species at 

more than 100 . The l arger number are found in Western North America, 

a few gr ow in the Mediterranean region, and Gr ay 's :New Manual of 

Botany gives one species, perennis, as indigenous to Eastern North 

America. One species, arboreus, is shrubby; some are herbaceous 

perenials , but most a.re annuals. 

They are used fo r ornamental purposes • . for fodder. and as 

soil improvers. As ornamental p l ants, they are useful f or borders, 

bedding and cut f lowers. As feed, some of tho less coarse growing 

species may be fed either green or as hay. The mature seed contain an 

alkaloid which is dangerous to stock. The greatest economic i mp ortance 

of lupines is as s oil improvers,especially on light soils. While they 

cannot be grown successfully on soils containing much lime , when inocu-

l at ed , they make a very heavy growth on other types o f soil. The~,r are 

used for plowing under to i mprove t he land in the Hediterranean re gion 

and t he Pacific coast states, but it is doubtful if they c an be used to 

any advantage in an:,r other sect ion of our country because soy beans , cow 

peas , clovers and other leguminous p l ants answer the same purpose . 
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Description of species and Varieties Grown. 

In the fall of 1909 seed of the following lupines were secured 

from J. M. Thorburn & Company of New York : 

Lupinus Cruckshanksii A. Gray: Lupinus luteus L. ; Lupinus hirsutus 

L. (blue); Lupinus hirsutus L .• Var. ruber, Hort .• and Lupinus hirsutus 

L .• Var . albus, Hort. As grown in the greenhouse . the various species 

and varieties may be described as follows: 
Lupinus Cruckshanksii is a native of s outh America. It is strikihgly 

different from either of the other species grown. Compared with hirsutus, 

it is a more upright grower, and taller-attaining a heieht of 6 or 7 feet . 

While a luxurious grower, it i s not as hardy as either hirsutus or lutens. 

The s ter,n is covered with a whi te bloom when young and f inal ly becomes 

glabrous. The compound leaves have a petiole 3 to 4 inche s long. and bear 

from 8 to 10 narrow- oblong, blunt pointed leaflets palmately ar ranged . 

The l eaflets are f rom 2 to 3 inches long . The stipules are small , linear 

aacummate, and dec i duous. The inflorescence is determinate. The flowers 

are borne in long interupted r aceme s. the verticillate arrangement of 

l~teus not be i ng pre sent. The f lowers are large , about an inch in 

breadth, and very sh owy. There are two t ypes of flowers as to color. The 

second t ype did not occur in 1909-1910, hence the crosses ~ade were 

without r efe renc e to it . The predomi nant color of the f irst t ype 

is dark blue. 1'!hen the f lower f irst opens the standard is blue wit h a 

yellow center, as t he flower grows older, the yellow changes to a redui sh 

brown bec oming qui te dark before falling away. The wi ngs are l i ght blue 

at first becoming s omeTihat darker wit h age . Tho keel is whi te except for 
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the tip whic·h· is slightly tinged with blue. The predominant color of the 

second type is white . ~Jhen the flowers first open they are cream white 

eacept the center of the standard whioh is light yellow becoming brownish 

ye llow before fal l ing away . The sides of the standard and the wings 

turn pale lilac (the wings paler than tbe standard) with numer ous white 

bl ot che s, some of whi ch have a dark brown eye. The keel also becomes 

pal e l ilac. A raceme bears from 4 to. 12 pods containing from 4 to 7 seed 
only 

each. The oldest flowers~set p ods~ The pods are flattened, slightly 

constricted be tween the seed, end are covered with short, soft, white 

hairs . The seed are ra t her small- hardly as large as a garden pea-

flattened, smooth and white • 

. Lupinus luteus is a low growing , branching p lant from 1 1/2 to 

2 feet high . The stem, leaves, c.nd pods are hairy. As se en with 

Cruckshanksi i and hirsutus, it seems to be a very leafy and compact p lant. 

The di gitately compound leaves have petioles from 3 to 5 inches long and 

bear f rom 7 to 10 spatulate leaflets. The inflorescenee is determinate . 

The f lowers of t he raceme are arranged i n f rom 5 to 9 whorls, each 

whorl with 5 flowers. ~1e flowers are rather small; the standard being 

f rom half to three fourths of an inch high, and from three-eights to ~alf 

an inch broad; the wingo are half an inch long and three-eights of an 

inch broad , aduate near the tip: the keel is sythe shaped, and white 

except t 110 tip whi ch is dark blue . As the name would indicate, the 

flowe rs )standard and wings} are lenon-ye llow becoming slightly darker 

with age . Tho f lower s have a very rich and agreeable odor. The pods, 

from five to ten of which set on each ~acene , are from one and one-half 
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inche s long , f l attened und s l ichtly conotrio~ed between the seed wh ich 

vary in n,f.4Jri ~.ct from three to seven. The seed are small, hardly as large 

as those of CruckshanJ:sii, ~lat, and have a distinct soapy feeling. Tho 

color is a dull, mottled brovmish-gray. 

Lupinus hirsutus is one of the annual species like the two 

just described. It is coI:ll'.!lonly 1:nown ns "blue lupine," the flowers of 

t he p lants found growing wild being of this color . The stem, leaves, 

bract1 and calyx are covered with soft silvery hair . As gr own in the 

gr eenhouse, they have reached a hei [;ht of three feet or even more , and 

are much branched. The d i gt e tely compound leaves have petioles from 

four to six inches long . The leaflets are fron seven to eleven in 

number, oblong- spatulate in shape , and from one and one - half to t wo 

and one -half inches long . The slipules are linear - lanceolate, and 

deciduous . The inf lorescence is determinate . The flowers of the 

raceme are usually verticillate , t h ough sometimes scattered . Five is 

the normal number per whorl . The flowers are dark blue in color except 

for t he center of the standard which t s white and occasionally a whi te 

spot, twice the size of a pin head . The standard , like that of both the 

species described above, is strongly re f lexed, an · inch and a quarter long 

and an inch broad . The wings are three-fourths of an inch long and t hrec -

eights of an i nch br oad, coherins below . The keel which is wh~te, except 

for the dark blue tip, is sythe-shaped and abo11t an inch lone . The f lowers 
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have a rather unpleasant odor . From three to six of the oldest flovrers 

of each raceme set seed. The pods are broad, flat , hairy and constr i cted 

bet ween the seed of wh ich there nre from two to four. The seed are about 

t hr ee - eights of an inch broad , f lattened, and rough with a lieht f lesh-

colore d ground color , S_!.)Otted with brownish-red and a darker spot cover-

ing about one-third of each side one end terminatine near the hilum. The 

seed coat is very toue:;h and it is often necessar~r to remove it from 

the large, plump ootyledous when they emerge from the soil 

Varie ty albus is l i ke the blue in every way except that the 

flowers are solid white . ~.lhile the plants were larger than those of 

ei t her the blue or the red variety, it is believed that loca l envirement 

and not .any inherent difference accounts f or t his. 

Variety ruber is not di f ferent from the blue and white varie t ies 

except as the name would indicate . The wings and standa~d are rose red 

in color except f or the center of the st andard which is w~ite . 

The Bed . 

The south end of the bed in the middle greenhouse was used in 

both 1909-10 and 1910-11. The plants were grown in ordinary six inch 

pots which were ;-·plunged in the ged. The bed is ab out four feet wide 

and eight feet long . In 1909-10 thirty pots placed in squares were u3ed : 

in 1910-11 thirty-two pots were used 1 p laoed in equilateral triangles. 

This would be too close if every pot grew a plant to maturity. 
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Treatment of the Soil. 

On account of the wilt of the first year, the soil was ster -

i l ized be f ore p lanting the seed. The bed was f irst thoroughly spaded 

up so a s to aerate the soil. After filling the pots, which were to 

be sterilized separately, the bed was thoroughly saturated with boiling 

water, it having been allowed to become quite dry. The pots were care-

f ully filled and watered before being placed in the antoclave which held 

only three. The f irst year, 1909-10, the pots were subjected to a 

temperature of 120 degrees Centigrade (30 lbs. pressure) for fifteen 

minutes; the sec ond year they were kep t under twenty pounds of pressure 

fo r thirty minutes. The soi l is no doubt changed by this process. The 

physical, chemica l and biolor;ica.l condit i ons are altered. I n some of t he 

pots the . capile.ri t y of the coil seened to be broken up and this, per haps , 

acc c·unts for the slow germination cf the seed in some cases, though it i s 

believed that the seed germinate unevenly. gussel_! ~n~ guchinson" eBJla.!_n __ 

the "Q.ont~ibu!ion_Lab_£r~t~r~ RothaI:Js!ed E?CE_eriment Stat~o~, 190~. pp. 1!1-

114. -- - ------------------------ - - -- --
chemical and b iological changes which take place in soil treated in this 

way. The plants seem to start off slowly but later they grow more 

luxuriantly than those grown in untreated soil. 

Treatment of Seed. 

The seed were treated with ten per cent formalin for f ifteen 

minutes in the f irst oase, and in a solution of biohloride of mercury (one 

to f ive hundred) for two minutes in the second case. mn account of the 

thinness of the seed coat of Cruckshanksii .it"S. . -· -· seed should not be kept 

in t h is strength of f ormalin so long. 
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In order to hasten the germinatioh of the seed, they were souked f or 

twenty-four hours, then treated and immediately planted. 

Planting the Seed. 

The seed bed ancl seed having been prepared, as described above, 

from two t o four seed were planted in each pot. It would be better to 

plant only one seed in eaoh pot, because the plant soon sends its tap 

toot through the hole in the bottom of the pot and if the others are 

confined therein they are soon choked out by their more fortunate 

neighbor. The seed were not covered very deeply since they, like the 

bean and some other plants, li f t their cotyledons from the ground. 

Growing the Plants. 

Only two plants were left in each pot in most cases, and 

perhaps it would have been better to have left ohly one. The watering 

of the plants was done carefully. Ordinarily one good watering every 

ten days or two weeks 11as s•1fficient. The plants were never given any 

shade, though no doubt, this could be done to advantage at times. The 

usual precautions in regard to cultivating were observed. A complete 

commercial fertilizer was applied: first when the plants were two or 

three inches high and again as they were comtng into bloc~. 

The flowers begin to oome about thr'ee months after planting 

the seed and continue for six months. The seed of Cruckshanksii and 

hirsutus mature in ninety to one hundred days, those of luteus in about 

sixty days from polination. 
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Gathering and Storing Seed. 

When mature, the seed were gathered and those of each pod 

were placed in an envelope which showed their parentage and time of 

maturity together with any remarks. For con~enience in keeping a 

record, each recene was given a letter and each pod a numerical des-

ignation. It may be said here that only one kind of pollen was 

applied to the flowers of a raceme, hence A - 1, A - 2, A -3, 
were of the same parentage . 

Tools used in Emasculation, Dep ollination and Pollination. 

A small pair of scissors is necessary to out the keel at the 

base when removing the stamens and pistil from it in securing the 

pollen. They are again used to out off the tip of the keel as described 

elsewhere . While little ased, the scissors are, nevert~eless, indispen-

sable . The blades need not be more than ~alf an inch in length. 

Lie;ht, sharp pointed forceps are used in removing the anthe rs . 

Stra i ght pointed ones may be used almost, if not quite, as well us those 

with curved points- the important point being their fineness . They are 

also used in placing the pollen on the stigma. 
A f ine, sharp pointed needle is used in exposine; the stamens 

and pistil. It may be either round or ~lattened at the end. 

A good hand lens which magnifies f rom five to ten times is 

use ful , if not essential, and it will sometimes enable the operator to 

use a flower that he would otherwise throw ·away for fear it might not 

be all right . 
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For depollinizing the flowers an ordinary atomi zer was used . 

The only objection to this t~rpe of syringe .is its unhandiness. A simple 

rubber bulb wit h a f ine bore-glass tube would be more cnnvenient , and 

perhaps would do the work as well . 

The camel's ha ir brush and Glass for applying and holding the 

pollen respectively, which are usually found in a kit for arossing 

plants are not needed on acc ount of the method and time of the applica-

tion of the pollen. 

Tags of t hick , white paper were used on each raceme cross pol -

linated . These tags were about one inch wide and two and one half inches 

long. They bore the name of both the maternal and paternal parent to-

ge t her with the date the croon was made. Only one date was given , t his 

being the same f or emasculation, depollination and poll ination. 

Technique of Crossing. 

In December,1909, the lupines planted the previous Octob or began 

to bloom. An attempt was at once made to cross the white and red 

varieties which were the earliest. Very soon after the white of the 

standard began to show through tho lips of the calyx the floral envelopes 

were removed as carefully as possible with a small pair of scissors and 

the anthers cut or pinched off. The pistil was now left with no other 

protection than the bract- which was almost none- for forty-eight hours 

or longer, the time necessary f or the stigma to reach that stage of 

developement where it was in a receptive condition for pollen. In the 

meantime, pollen f rom the paternal parent was collected in a small glass 

dish and held until needed; it was then p laced on the stigma of the 

emasculated f lower with a camel's hair brush. Of twenty-five or thirty 
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flowers, whi te and red, thus emasculated and pollinated not a single 

one set seed. It now became nenessary to use some other method for 

making the crosses required to carry on the work. 

Tho f irst change it was thought wise to make was to remove 

the anthers without mutilating the flower as much as had been done. By 

~llowine the flower, or bud,to become twelve to twenty-four hours older, 

it was found posiible to leave the calyx intact and to cut off only 

about the upper half of the standard , wings and keel instead of cutting 

off almost the entire floral envelope. The pollen was applied to 

these stigmas with a camel's hair brush as before. A few pods, manipu-

lated in t his wau, set, but the percent was too low, and it was thought 

necessary to still further perfect the method if possible . 

It was now faun possible to remove the anthers without 

cutting away any of the flower if it was allowed to roach a little more 

advanced stage of developement. If the anthers had dehisced, the flower 

was re jected, but it was also f ound that the anthers were of ten opened 

in removing them wi th the result that more or less pollen was left on 

the stigma. To throw away all these flowers meant a great waste of time 

and material, and in a short while if only a very small amount of pollen 

got on the stigma it was blown off , but if a large amount got on the 

stigma, and well down among the hairs covering it, blowing was unsaccessful. 

One day about this time, an atomizer w~ich had been used just before in 

some other work, was noticed setting close at hand, and the thought at 

once occurred t hat it might be used to do the blowing; From this tine on 

it was used to wash off the pollen whenever the anthers were ruptured in 

removing them. After a while a suff icient degree of skill was attained 

to make the use of the atomizer seldom necessary, but it is always avail -

able when needed and saves fl oTicrs that otherwise would ha~e to be rejected. 
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In the meanwhile , it was found tba.t the method of ema.scula tine 

and depollinating were much better than the method of applying the pollen. 

By the method above mentioned , it was not only difficult to apply the 

pollen but verJ wasteful of it . Beoides the stigma was exp osed thus 

causing i t to dry out , the pollen was easily shaken off , and other pollen 

mi ght get on it . To overcome some of these di f fi culties, a small piece 

of pape r or lea±' was f astened eve r the f lower . This , however, was 

unsatis factory be cause it wes troublesome to put on, did not stay on vrell , 

and was ineffective . In an attempt to imitate nature a s closely as 

poss i ble , it was fo und that the dif f iculties of the pollination had been 

surmounted . ·The stigma of the 1u11 ine remains within the tip of the keel 

until after fertili::rntion when with the deve lopment of the seed incident 

thereto, it is f orced through the tip . The stamens are shorter than the 

pistil ·in the young bud, but as the bud developes ,their filaments lengt hen, 

and at the t ime the anthers ppen the stigma,in the tip of the kee l , is 

surr ounded by them. The stigma is thus enclosed in a mass of pollen , and 

is protected from drying out and contamination with f oreign pollen b y 

both the keel and the sur roundinc pollen mass . 
As desoribed in detail fur t her on, the tip of the keel contain -

i ng its pollen is placed over the stigma just as it would be i f left 

on its own stigma . Th is method supplies an abundance of pollen, pre ve nt s 

the drying out of the stigma , e nd pr otects it fr om any foreign pollen. 

Another p oint in favor of t his meth od of applying pollen is the snall 

amount required . 'Jhile it ~s true that one f lower produces enouch pollen to 

fertilize a number of stigmas, it was a fact, nevert heless , tha t in pr act i ce 

it did not fer t ilize one, because of the was te in gathering and applying in 

the usual way with a camel ' s hair brush . 
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This method of crossing lupines has been eminently successful , 

only about five percent of the crosses fail ing to set p ods. The method 

was perfected before Oliver" published his work of a sir'.l ilar na t ure . 

Nothing new or r adically di fferent from ordinary nethods is claimed f or 

it , but it i s believed to be a modi =ic ation well adapted to the flo~er 

upon which i t was used , and it may suggest special nethods well adap ted 

to other p l ants . 

Emasculat ion and Depollination. 

Size of Flower to Emasculate. 

The object is to catch t he flower just before the s t amens open. 

At this time, the f lower is about half an inch long , and about one - eighth 

or three. sixteenths of an inch of the unopened standard is showing above 

the calyx . The kee l may not be showing at all or only very slightly . 

To emasculate the f lower: one in the p roper stage of deve l opment 

having been selected; with the thumb and f ore f inger of the left hand 

grasp the tip of the standard and wings, b e ing careful not to Grasp the tip 

of the keel and the enclosed pistil and stamens ; and run the needle down 

the side of tho flower pressing down the lower lip of the calyx where i t 

will r emain out of the way on acc ount of its trough like shape ; insert 

t he point of tho needle between the wings and the two margins of the 

unopene d standard near t he base and to the right side of the l::ecl, and 

with a careful upward movement pull apart the wings and the ~ret cohering 

side s of the standar . ; now by turning tho p oint of the needle to the le f t, 

the tip of the ke el is lifted out of and to the le ft of the wine s and 

standard . The thumb and fo re finGer of the left hand are now slipped 

BullotinlT o 167 Bureau? . I. U. S. Dept. of Ar;r. 
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further down the fl ower , the keel resting between them. Insert the needle 

between the cohering members of the J:eel at or near the base and. draw it 

upward opening the keel , a t the sametime being careful not to injury the 

pistil O» disturb the anthers. With a little practice, t his can be done 

successfully in almost every cane . The stamens are now exposed to 

view and the anthers are removed with a pair of fine pointed forceps. As 

much of the f iliments should be left as possible. --with a hand lens, care -

fully examine the stigma, where a single grain of the yellow pollen can 

easily be seen among the white hairs. The pollen is sticky at this stage 

and generally cohers in quite large masses. If any pollen , or the sus -

picion of it is detected, it is washed of f with a syringe of some kind . 

If the ant hers have opened the f lowers are always rejected, but if they 

are opened by the operation of emasculation they are alway~ used, for i t 

is not pos sible for the pollen tube to ent er the stigma in the short 

time before it is washed off wi th the water from the s~rringe . 

Pollination. 

As s oon as the flower to be used as the na terna l parent is 

emasculated and depollina ted tho po llen is applied. This is done imr.ied-

iate ly f or three reasons . First; it saves time and reduces to a minimum 

the chance of overlooking any enasculated flowers~ second; it prevents the 

drying out of the stigma: and third; it prevents any foreign pollen getting 

on the stigma~ Sometimes pollen is applied a second time,the following 

day ,though this is most probably unnecessary . 

About forty-eicht hours after the standard is fu lly re flexed 

the f lowers are in the right stage of development for furni~hing pollen . 

At this time . the p ollen has been almost com1)letely shed b;7 the o.nthers which 
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are slightly withered and thus easily withdwawn, as described below. The 

keel is still almost completely closed , the pistil not ye t having pro -

jected t hrough the tip . The f lower snear t he tbp of the r aceme are used 

for this purpose since they will not set seed and comse quent ly cannot be 

uti l ized in any othor way . Tho oldest flowers of each raceme are used 

as maternal parents . 

A flower in the state of developnent described above is pinched 

or out off close to the stem. I t is then grasped at the base of the 

calyx between the thumb and fore finger of the right hand , and , wi t hout 

disturbing the ke el or t he contained organs , the wi ngs and standard are 

pulled off with t he thumb and fo re finge r of the left hand . Now grasp the 

keel firmly just below the anthers with t he thumb and f ore finge r of the 

left hand and clip off each side of the keel with the sc i ssors, being 

careful not t o cut the stamens t ube and p istil. Now vn1ile holding tho 

kee l firmly with the thumb and f ore finger of the left hand, grasp t he 

flower at the joint of insertion of the corrolla a~d dr aw tho stamens and 

pistil from the keel. If a flowe r in the proper stage of development 

is chosen almost all the pollen is left in the tip of the keel when the 

pistil and staI!lcns are wi t hdr avrn . :tTow lay the 1:oe l in the palm of t he 

left hand and out off about thre e sixteenths of an i nch of the tip . Thi s 

length of tip is best ; it holds all the pollen, is easily pl aced on 

the stigma, and stays on as well as a lon£er one would. Taking t he f orceps , 

used in pinching off the anthers of the emascula ted flower , grasp the t ip 

of the keel about the center of the edges that cohere and carefully place 

it over the st igI!la of the omasculnted fl o-wor . It should be pulled down until 

the pollen is beginning to be f orced out at the tip . This will insure the 

ll 

l 



stigma being in contact with the :p ollen, and also leave it protected from dry-

i ng out and from f oreign pollen. This tip s oon withers and seals in the stig-

ma , as it were . 
Cr os ses . 

The f ollowing tabl e shows the crosses attempted together with their 

differe ntial characteristics and the results. 

No. Crosses :Ch~rac te~istics: Maternal Parent :Paternal Parent: Result . . . . 
1 ;1 .h . a .! L.h . b.; Flower color White Blue Successful 

2 : L.h.a.X L.h.t.: Flower color Whi te Red " 

4 : L • h • a . X. L • C • Foliage sur fac~ Hairy Smooth 
-=5--t--L--h ____ _;. __ ______ ~----- ____ ...._ _____ _ _______ _ 

: • • a .X 1 .1. Flower color White Yellow : Doubt fv.I, 

6 : L.h. a . X 1 . 1. Growth habit 

7 : 1 .h. b .X 1 . h . a .: Flowe r color 

8 ; 1 .h . b .X 1~ h.~: Flower color 

9 :1 .h.b.X L.C. St andard color= 

10 :1 .h.b . X L.l. Flower color 

11 ;1 .h.b .X L.l. Seed coat 

12 ; L . h . ~ . X 1 .h.a.: Flower eolor .. .. 

Tall Low " 

Blue White : Successful 

Blue Red " 
White center Yellow center :negati ve 

Blue Yellow " 
Rough Smooth " 

Red White :Success ful 

Blue " 
. . 

13 · : L. h . '.L X L . h . b: F;ll~o;,w:er~c~o;:::l~o:::r:--;---~n-;:-:--;-------::--------_:__---­.;.\ed 
:;l -;-4- -:: 1::-.-::h-.-;-· .-X-1-. -C-. _!.,._F_l_O_VT_e r co 1 or 

15 : 1 . h . t . X L . C . Seod color 

Red 

Flesh color wit h : 
:red & v.d. red 

---..:---~--~~-----__;_: _ _ _ spots 

.. 

Blue negative 

Whi te " 
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No. Crosses 

16 :1 .h .t.X L. C. _ __:__ =-=--..;__----- --17 : L . h. ~. X L.l. Flower color: 
Seed coat 

18 :L.h.1'. . X L . l. Seed color 

:. 

19 : L. C. X L. h . a . Flower color; . 
' 

20 ;1.c.x L . h . a .. Foliar;e surf acfi . 
' 

21 ;1.c.x L.h. b. Stnndard color; 

Flower oo!i.or 

23 :1.c. x L.h. r,. Seed color 

24 ;L. C. X L .1. Flower eolor 
-------'-

25 ;L . C. X I1. l. Fol i age surface . 
26 ; J'"C . X L. l. . Seed color ' ·----
27 ;L. C. X L. l. ;Growth habit 

28 ;1·. l. x L. h . a . '. .Flowe r color 
' 

29 !L. l. X L. h .a. Growth habit . 
" 

30 :1. l.X L.h.b. . Flower color 
' . . ' -' 31 ; 1 .1. X L. h. b: Seed - coe.t ~. --... 

3e .L .1. x JJ . h. :r:. Beea . .:- eolor 
. __ __,_ 

33 L .1. x J, , h .t:. Flower color 

34 L.l.X L. C Flower color 

35 L .l. X L. C. Foliage surface 

36 1.1 x L. C. Seed color 

37 L.l X L. C. Growt h ha.bi t 

Rough 
Red. 

Dun 

Blue 

Smoot h 

Sl!lOOth 
Yellow :Doubt ful 

:Flesh c olor with: 
:red and very dark 

TLted spots 
Vlhi te 

Hairy 

Ue gati V! 

" 

Yellow center: Blue " 

Blue 

White 

Blue 
-Smooth 

1.'!hi te 

Tall 

-Yellow 

Low 

Yell l ow 

Smooth 

dunn 

Yellow 

Yellow 

Hairy 

Dun 

J..,ow 

Red 

:Flesh color with; 
;red & very dark 

II 

" 
;red spots - -----2------

Y e 11 ow " 
Hairy 

Low " 

White " 
Tall 

Blue ;Doubtful 

P.oueh " 
;Flesh color with ; " 
;red & very dark 
; red opots 

Red " 

Blue llegative 

Smooth " 

White 11 

' ' Tall II 



--19--

Result of Cross ing . 

The only undoub tedl~r successful attempts at crossing were those 

3etween the diffe rent varieties of hirsutus . I n the other crosses, there 

were some mechani cal difficulties to overcome on account of the difference 

i n size of the flowers and because of the openness of the tip of the keel 

of Cruckshanlrnii , but it is not believed tha t these v;ere of such a nature 

as to cause complete failure . It is more likel y that the different species 

of ~he genus Lupinus do not hybridize freely , ut least,the three worked 

ith did not . These orosses will be at t empted again . Only the results 

o the F1 generation are available and the F . 2 generation may necessitate 

a change of opinion but it is believed that Meadel ' s law of inheritance 

will app l~ . 
Cross Tiumber One . 

L. h. a.~ X L . h . ( b ) O' 

This cross was made to see which law of inheritance, blended, 

osaio, or alternative, app lied in regard to f lower color . Three F1 plants 

were g rown and the flowers of all were so near alike that a description 

f one applies to all. The plants were not very vigorous but set a 

number of pods . The flowers upon openine , are light blue except for a 

pat ch of white along the entire lengths of t he center of the standard . This 

wI'. i t e center is quite we 11 defined El.Ild appears to be pure w~1i te, except 

sometimes a f ew dark views, when the flower opens . A border l /~4 of an 

i nch wide along the edge of t he standard is wI'.ite or very light blue Tihen 

the flower opens but this very s , on bec omes darker . The white center of 

the standard graduall;,.r turns red . The vlings are light blue ,gradually be-

coming darker and fina l l:,r assuming a reddish tinge . 
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The tip of the keol is dark and seems to be just the s ame as paternal 

parent . 

Cross Number Two. 

L.h. a .fX L .h.~.4 

The object of this cross was to test the inheritance of 

f lower oolor. Six of these plants were g rown and they were among the 

most vigor ous in t he entire bed. The flowers of all the plants were 

al most identica l in every way- di ffe ring no mo re than individual f lower 

on the s ame p l ant. The description of t h e flowers of cross number one 

applies to t he flowers of this cross, except that the red tinge began 

to sh ow a little earlier and was a little darker. 

Cross Number Seven. 

L.h. (b)~X L.h. a. J 

I t will be no ticed that t hi s cross is a reciprocal of cross 

number one, the object there fore being the same . Only two plants were 

gDOwn. The color of the f lowers seened in every way identical with 

those of the reciprocal cr oss. 

Cr oss Number Ei ght. 

JJob. . (b ) ~ X L . h .1 . • o 
Five plants of this cross were grown the object of which was 

to study the in. eritance of f lower color. These flowers were i dentical 

on all the pl ants, and, while showing the sane general marking as those 

of cross number one , we re a shade darker in color than those of cross 

number one or cross nunber seven. 
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Cross Number Twelve . 

L. h.t-·2Y L.h.a . & 

~he four plants of this cross illustrate the dominance of 

blue in the Fi generation. Every plant bore the same characteristic 

flowers described in cross number one except for a very slight increase 

of the red tinge with age . This cross is a reciprocal of cross n1unber 

two. 

Cross Number ~hirteen . 

L.h .?:~ X L. h.(b)d" 

This cross was made f or the purpose of studying flower color 

inheritance . It is a reciprocal of cross number eiGht. The f lowers of 

all four plants were alike . They showed the same mar kings as those of 

cross number eight . 



While any discuss i on of the results of the above crosses is 

neces sarily preliminary , and rnany points are here passed over that may 

be of prime importance; it is believed that Mendel 's law of inheritance 

ill apply. In each of the -~wenty four plants of the six crosses described 

ab ove, the reaul ting c'olor cf the flowers was blue. 

The following hypothesis is offe red as accounting for t he results 

obta ined : The predominau& f lower color of the different varieties of 

Lupinus hirsutus L. may be represented by two dendelian factors which are 

allemorphic to their absence in each case. 

Y. a factor representing a red chromogen. x. a f actor representing an oxidiz ing agent which acts up on Y to 
f orm blue . 

Upon this assumption we may represent the const i tution of the 

f lowers having the different colors ab ove referred to as f ollows: 

YY xx = Red 
YY XX • Blue 
:rY x..x = White 

In the case of the red flower , the chromogen repres•nted by 

Y is present but the oxidizing agent which acts upon it is absent and of 

course the fl o~er is red. 

Blue is the color of some flowers because of the presence of 

both the chromogen and the oxidi zing agent. 

White is accounted f or by assuming t hat while the oxid i zing agent 

X, is present the crhornogen, Y, up on wbich it acts is absent - hence the 

pure white color. 

This hypothesis will account f or the results obta ined , t hough , 

as s t ated ab ove, modification or abandonment of it may be necessar y when a 

areful and a further study of the F2 generation of plant s is made . 
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