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TOBACCO BREEDING IN CONNECTICUT,

By eollaboratbon af F, K. Havas, Plan) Beeeder, Conmeciiand A grieul
tural Statiow, E. M. East, Burery Taaiution, Horvard [Meéver-
siiy, and 15 G, Boisninr, dspstaad, Offiee af Toboees avenign-
tomz, Burean of Plond Tadugry, U, 5. Deparimeni of

A pricuituse.

INTRODUCTION.

The investigations, with which this paper deals, were com-
menced in the vear 1008, and since that time have been carried
ot in po-aperabive ngreement between the Office of Tobaceo Inves-
tgations of the Bureau of Plant Industry, United States
Department of Agniculture, Laboratory of Genetics of Harvard
University, and The Connecticut Agricultural Experiment Station,

The primary object of the work has been to study some of
the fundamental principles involved in tobacoo breeding, with
the belief that a knowledge of these principles {8 absolutely
necessary if one is to bulld up a system of both practical and
echonitific hroading.

It is self evident that the complex nature of the problems
involved makes it impowible to reach anything like a final
solution at present; this paper, therefore, is to be ponsidersd
in the noature of o report of progress, In it are described ths
results obtained during the past four years.



& Coxmecricer Exreeranent Stamioy, BrooeTie 176,

Erricts of [NakEnpiNe I8 & CLosn-FRATILIZED SPECIED.

Tobaceo & o naturally close pollinated plant, although inter-
crossing through the apency of insecta iz probably ssmewhat
frequent, Observations on the earlier blossoms of the fower
head have convinesd the weiters that in many cases, at laast,
fertilication of the pistil has taken place before the blossom
opens. In the later flowers the chances of intercrossing are
much greater, s the blossom often opens before fertillzation
hos been aecomplished. It is evident chat, as tobaces iz a
naturally close-fertilized plant, it must be ?lgamu- under self
fertilization, but some data on actual controlled inhresding ars
given to further substantiate thin beliel,

Dinrwin, in hiz classical experiments on inbreeding and cross-
breeding, found some types which were very vigorous when
continually seli-fertilized.

Gisrner (1912) reports that a number of types have been inbred
under bags for six or eight vears by the United States Depart-
mont of Agriculture without any observable change in vigor
or prowth habit. A certain strain of our present Conmecticut
Cuban shade type, now grown on one of our large plantations,
was inbred for a period of five vears (1003-1008) by saving seed
from individual plants under n paper bag. Since that time
gecdd his besn saved from desirsble plants under cloth tent, the
chances, however, seeming very small that seed so produced
will be eroes-fertilizad. Instead of showing a loss of vigor dus
to self-fertilzation, this type scoms more vigerous than in the
enrly vears of its introduction.

The Sumatra type, which has hoeen usad as ona of our parent
varieties, has been inbred for a peried of seven vears, without
giving any evidence of accumulated evil affects of {nbreeding.

In o large saries of peoneric crosses of Nicediana the writers
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havo observed n wide mnge of variation an to increased vigor
due to crossing,. In some cases the first hybrd generation was
very vigorous while other spoecies crosses were non-vigorous,

In a previous paper (Haves, 1912) on variety crosses within
the spocies, Ave chamcters were measured in I and were com-
pared with the average of their parents for three gebs of crosscs,
These characters were height of plant, length, breadth and size
of leaf, and number of leaves per plant.  All showed an increase
over the average of the paronts, except in the number of loaves
per plant, which was almost exactly intermediate.

To quote from a previous paper (East and Hayes, 1013):

“We believe it to ba establshed tlat -

"1, The decrease in vigor due to inbreeding naturally cross-
fertilized species, and the incresse in vigor due to crossing
naturally sell-fertiliged dpecies, are munifestations of the same
phenomenon.  This phenomenon I heterozygosia,®  Crossing
produces heterozygosis in ull charucters by which the parent
plants differ. Inbreading tends to produce homozygosia auto-
matically,

"2, Inbreeding is not injurlous in tself, but weak types,
kept in existence in a cross-fertilized species through heoterozy-
gosls, may be isolated by s means. Weak tvpes appear in
salf-fertilized species, but they must stund or fall by their own
merts.""

The matter has been mentioned here because of its bearing
on the subject in hand. Houser {1011} has advocated the
system of growing first generation hybrid tobaceo as a commer-
dal proposition. This was suggested for the heavy filler types

*Owing to the rediseovery of Mendel's Inw of fheritance, we oow
kpow that many chasacier are separately inberited, and by the use of
deseriptive fastorial fopmuoles the breoding facts are made clear. I &
ceriain character biewnds tras if i in & homosygons condition and each
male or female repreduetive coll b spposed B0 boar some sbatance of
factor for the development of the chareter. 1 o &ross 18 made between
two rnces which &iffer In a certain characker we koow that of the twa
uniting repreductive cella, the one contalns the fector for the contrasted
character and the other does not. The nesulting plants of this cross
will pot breed true da the nest generution and they asi sall to be in a
boterozypous condition for the character involved. The amoont of

] pl'ﬁddhllﬂ. by any cross deponds on the number of gametic
Inctorial differencos of the porent planis
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of tobacoo which are grown in Ohio, While It is doubtless
triie that by this method the yicld could be somewhat increased,
the yield factor, for cigar wreapper Lypes at least, is only of
secondlary importance compared with gquality. Because of
the great importance of quality it scems much more reasonable
to suppose that further advance can be made by the production
of fixed types which in themselves contain desirable growth
faetors, such as size, shape, position, uniformity, venation, and
nitmber of lmves, together with that complox of conditions
which poes to make up quality, than by any other method,

Pexviovs Wouk on Evpects oF SELBECTION,

It 48 & well-recognised fact that among both plants and
animals 0o two individusls are exactly alike. This diversity
I8 due to two main kinds of variation:

L. Fluctuating Variations, such as size, shape, and number of
varioin plant organs, which nre dus to different comditions of
fertility, or o better positions for development. Such varia-
tions are not inherited, :

2, loherited Varations, which may be either large or small,
but are consed by some differences in the factor of inherftance
and are entirely independent of their surrounding conditions
for their transmission, although favorable enviconmaent fa often
needed for their full development,

The renl basis of the Mendelian conception of heredity s a
recognition of the {act that the appearance of a plant is it a
eorrect criterion of that particular plant’s possibilities of trans-
mitting any particular quality, but that the breeding test is
the only real means of determining the plant's heroditary valua,

By the universal adoption of Vilmorin’s “solation principls,"
in which the average condition of a plant's progeny is used as
the index of that particular plant's breeding capacity, bresders
have recognized these clusses of variation,

A practical example demonstruting the truth of this classi-
fication is the work of Dr. H. Nilsson and his assoclates at
Bvalaf, Sweden, ' In 1881 o large number of heads from antumn
wheat varieties were collected and were separated into thelr
respective  botanical and morphological proups, about 200
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groups in all being thus selected. In several cnsen certain
forms were found which had no duplicates, and in these cases
the individual form represented a group in itsell. The {ollowing
seasoh each group was given a separate plot and careful records
were made of the maumber of hends and plants which were the
mnesators of each plot.

A caroful study of the resulting harvest showed that, of Il-'ll
the cultures under observation, only thosa which originally
eame from & single plant produced a uniform progeny (Newman,
1912},

The theoretical interpretation of this class of results was given
by Johannsen (1909) through his work with beans and bardey.
This investigator found that a commercial varloty was in reality
composed of different and distinet types which could be separa-
ted from each other by seli-pollinating the individual plants
and studying their progeny. For example, he investigated the
character welght as applied to individual beans and found that
progress could be made when larger beans were salected from
the mixed commercial crop for several sessons, On (he other
hand, aiter types comparatively homozygous had been isolated
by inbreeding, the same resilts were obtafned in each isolated
line when large beans were planted s when the smaller ones
were used for scod — although fluctuation due to external
conditions still eontinued. This he explainad as due to the fact
that environmontal influences were not inherited but that a
plant simply transmits its inheront germinal qualities.

Certain corroborative results which show that fluctuating
variations are not inherited and that charoters in o homozypous
condition are reproducesd in practioally the same dogres goner-
ation after generation have been obtained by Barber (1007)
with yensts; Pear]l and Surface (1000) and Pearl (1012) with
poultry; East (1010) with potatoes; Hanel (1907) with Hydro:
Jennings (1008, 1010) with Poramaecinm; Love (1010] with
pens, and Shuall (1911a) with maize.

It is trun that Castle (1811, 1012 a. b.) reports experiments
with a varianble black and white coat color of the rat, in which
he shows that selection progressively modifies a character
which, in erossing with other types, behaves as a simple Mendollan
unit, These results can be interpreted and, we balleve, inter-
preted in a manner more helpful to practical breeding by assum-
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iﬂalhhhnlﬂmughﬂumttplﬂn‘niltrmﬂ!dﬂlﬂﬂﬂl
unit, its development is affected by several other wnit charac-
ters independent of the general color pattern in their trans-
mission. It may be that a few characters are so unstable that
they may be modified by selection after reaching a homozygous
condition, but so many thousand characters have been shown
tuMmduﬁuudbnbnadtmthmmuﬂ“gmﬁunlwhm
in the homosygous state that for all practical purposes these
laws may be assumed to be universal in sexual reproduction.
Purther reasons {or this conclusion are given in the next few
pages.

Proviovs Wong ox Isnsritavce or Sizs CHARACTERS,

Since difforent degroes of expression of quantitative charac-
Eers are inherited, as has been shown by Johannsen, and sinos
within an inbred line homozygous for a character, change can
saldom if ever be affected by selection, there seems pood reason —
as stated before — for believing that size characters are inherited
in the sums manner as qualitative or color characters,

The discovery of Nilsson-Ehla (1009) that eertain hybrids
are heterozygous for several inherited {actors, sither of which
alone is capable of producing the character, Inid the foundation
for the proof of the generality of the Mendelian interpretation
of inheritance in sexual reproduction.

It was from similar fmcts that East (1010s) made the first
Mendelian interpretation of the inheritance of fuantitative
characters by assuming absence of dominance snd & mult-
plicity of factors each inherited independently and capable of
adding to the character, the heterorypous condition of any
cheracter being half the homozygous,

In the last few years a number of investigations have been
made which show that linear or quantitative characters show
segregation. Some of the investipations which show segTegation
in quantitative characters are 25 follows: Emerson (1910) for
shapes and sizes in madse, bemms and pourds: Shull {1810,
1911b) for row classes of maize and for Hursg characters)
Hast (1011) and East and Hayes (1911) for height of plants,

of ears, weight of seeds, and row classes in maize: Tammes

11) for certnin charncters of Linum forms; ‘Techepmalk
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(ip11, 1912) for time of flowering in peas and [or weight of
geads; Hayes (1912) for height of plants, area of leaves, and
lonf number of tobacco; Drvis (1912) for Ormothera charactors;
Webber (1912) for plant charscters of peppers; Belling (1812)
for pinnt characters of beans; McLendon (1012) for cotton char-
pcters: Cilbert (1912) for characters of tomstoss; ]:lmh-u"h-
Nitsson (1912} for Oewoihera characters; Phillips (1912) for
body size in ducks; Pear] (1013) for fecundity in fowls;
and Emerton and East (1913) for other characters of maize,

A few investipations which also comprise the F, penerntion
show that in some cnses forms breed true giving no greater
varisbility than the parent types. These results are of value
in any systemn of breeding which, in a large measure, deals
with sizs characters, Thus, by crossing two types which
differ in quantitative charmecters we may expect to obtain a
segregation in Fy and n F,, some forms breading true {or some
characters and others again recombining the characters in which
they are heterozypous,

The possibdlities of obtaining pure forms in Fy will, then,
larpely depend on the number of character diferences of the
parental types. A complete exposition of both theory and
practice when dealing with guantitative charncters is given
in Research Bulletin No, 2 of the Nebraska Agricultural Experi-
mant Statlon entitled "The Inheritance of Quantitative Chinrmes
ters in Maize” by collaboration of Emerson and Bast (1918).

Proviors Worx on Tomscco DREEDING.

Thére are two fnctors which must be reckoded with in any
system of breeding. These mre heredity and environment.

Previous tobaceo investgatdons have shown the grest im-
portance of environmental conditions for both quality and
productivity., For exampls, Jenkins (18099) shows that on
stmilar land there are large vanations in quality and vield due
to different systems of fertilization.

Selby ond Houser {1912} have shown that the time of har-
vesting, aftéer topping, hind & grent effect on both guality and
yield

It has been stated by Frear and Hibsbam (1010) that the



12 ConmEcricuT Exrenmimnt Bration, BoLLiris 174,

climate of Pennsylvania has a much greater offoct on the char-
acter of tobaceo produced than either hereditary varietnl differ-
ENoes Or Boil.

It is n well-known fuct that tobaceo harvested by the priming
method (picking individual leaves) has & different character
than when harvested by cutting the whole stalle These_few
tllustrations, while in no way complete, indicate the great
Importance of the environmental factor in tobmeoo breeding.

One of the earliest experiments on inheritanoe of tobaceo
charncters ever recorded was mude by Naudin (Focke, 1881),
This careful experimenter crossed one varioty which had lan-
ceolute leaves with a type which produced broadly oval leaves,
The plants, resulting from this cross were alike in all essential
featuren, In the second generutlon tho differonces WEre more
marked and many individuals were found which resembiled the
parent type  Godron received twao types of these hybrid
forms from Naudin, the one with emall leaves and the other
with broad leaves. Both forme bred true in later generntions,

Since the year 1900 many attemnpts have been made to improve
the prosent types of tobacco by selection and crosshreeding,
Bhamel and his co-workers have done an mmportant work by
pointing out the value of solecting good type individuals for
seed plants, and the production of inbred seed by bagging the
sood hend,  Such methods have accomplishod much bey tending
to produce uniform and better races.

In regard to the benafiis which may be obtained from hyheid-
ization and subsequent selection, our knowledge I8 very meagre.
On this subject Shumel and Cobay (1006) say:

“The best plan which can be followed in the case of crogues
i to grow 100 plants of each crom and carofully note the chire
acteristics of the hybeid plants. It will be found that thera
will be considerable variation in the plants the first AR,
Beed should be saved from those plants which are the most
desirable and which show the greatest improvement over the
native varietles, The next season a larger aren can be
from this seed; and if the crop is uniformly of the type desired,
mughimdmlhunbnlnhctcdthnmﬂimtﬂplml
the entire crop the third year.”

This quotation certainly shows a lack of belief in the uni.
formity of the first hybrid generation, and on the other hand, no
conception of segregation n P,
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Shamel (1910) alio says:

“The writer helieves that the two efficient means of inducing
varinbility ns a souree of new typed aro change of environment
and crossing. So far as the writer is concorned, the change
of environment — usually the growing of southern grown soed
in the north — s the most cffective means of inducing varin-
bility."

H::Luﬂhr]nl {1912}, however, pives experimantal evidense from
a number of pire lines of tobaces which ho grew both in Cuba
and in Michigan, and comes to the conclusion that thers i3 no
breaking tip in type due 1o changes of environment, and that
whatever changes take place affect all individuals of & strain
in o similar manner,

Eoime observitions of the writers on the appearance of several
tvpes grown in the Connecticut Valloy from foreign seed serve
o corroborste Husselbeing's conclusions

These few citations from previous investigators show that
there i3 no very definite knowlsdge of the manner of inheri-
tance of tobacoo characters, and the writers hope that the
présent paper may clear up some of the more lmporiant phases
of this subject,

Ture Murzniat Usen,

Four different types of commercial tobsocps fumished the
starting point for these investigations, They consdsted of (wo
importe] varieties tested for shade purposes, which prior to
1908, hud been grown for a number of voars in row scloctions
from selfed seed, and the two slandard Connectiout types —
Broudlesf and Hovana — which have been grown in Connectl-
cut gince the early history of the tobaceo industry, The follow-
ing descriptions glve some of the more important fentures of
these types,

No, 400 Hroadleal,

The Broadieaf wvariety produces long, pointed, drooping
leaves, averaging in length a little over twice the breadth, with
an avernge leaf area of about @ sg. dems,  The number of leaves
per plant ranges from 16 to 23 and avernges from 19 to 20,
The average height of plant i= about 56 inches. This variety
sells for slightly more per pound than the Havans, and when
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used a8 a wrapper or binder is generally considersd to give a
little better flavor to a clgar than the Havana type.

No, 408 Haovana,

Havana produces medium length leaves, standing nearly
erect though drooping slightly at the tip. The average length
af the leaves is a little over twice the brandth. The number
of leaves per plant ranpes from 16 to 25 and avernges from
19 to 20. The average height of the plant is about the mime
a8 the Brondleaf. This variety {1 well known as & WIAppEr
and bnder tobaceo,

No. J08 Sumgirg,

This variety produces short, round pointed, erect leaves, a
little over half as broad ss long, with an average leaf aren of
about 3 sg. dems. The upper leaves of this type are generally
nerrow and pointed. The number of leaves ranges from 21
to 32 and averages from 20 to 28, The sverage height, when
Erown under shade, is about 61§ feet. This variety produces
& larger percentage of wrappers than the Cuban type but the
quality is very inferior, being of & light, papery texture.

No. J08 Cubaiy,

The leaf of this variety averages about the same width as the
Havana, but is shorter and rounder. The positlon of the lenves
is nearly erect, The leaf number ranges from 16 to 25 and
averages about 20 per plant. The leaves are somewhat larper
than those of Sumatra. This type i= grown widely in the
Connecticut Valley under shade covering, and produces wrapper
tobaceo of high qualicy,

Tue Mernops Uszsen,

A far nn pomsible every precaution was taken te prevent
experimental errors, With the exception of a very few cases
the parental varieties have been grown from inbred soed, and
if, for various reasoms, other seed has been used, the fact is
noted, Selfed soed has been obtained by covering the seed
bead with a Manila paper bag, and crogses have been made fn
the manner explained in previous papers (Hayes, 1912),
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Much efficient aid haa been given by Me, C. D, Hubbell of
The Connecticut Agriculturs] Experiment Station, who has
materially helped in taking data, shelling mnd Aling seed, and
in the caleulations. In the swmmer of 1912 Me. A F. Scholea,
of the Connecbient Agricultairal College, nasisted in Lhe fedd
worlk.

We also winh to express our thanks to the Windsor Tobaceo
Growers” Corporstion and its manaper, Mr, . B. Stewart.
for mo faithfully carrying out their part of the agreement by
which means we were snabisd to obtain the acourate data
raported hera.

As in previous work, each parental type has been piven a
number, A croas hotwesn No, 402 Havana and 403 Sumates
has been written (4023403), ths femals parent appearing
firast. Later generations have been designated (4023x403)-=1,
(02 403)=1—1, and 408—1-3, which denote respectively
the second and third generations of & cross between Havann
and Sumatra, and the third parental generation of Sumatrs.

The seodlings have been grown in sterilized soil. The steri-
Hzation of the beds has been accomplished by the use of steam
at o pressure of ot least 70 pounds, as explained by Hinson and
Jenlkins (1910). The actunl sowing of the ssed has always been
done by one of the authors.

The different {amilies and selections have besn marked in the
ficld by heavy stales, to which wired tree lnbels were attached,
and a planting plan has alwave been kept on file showing the
exact location of the different selections, With this brief
description of methods used, we will take up the consideration
of the results obtained, and for convenienmce each family will
be dizcussed sepurately.

Fasey (40235403 Havasa 3 SusMAThA.

A large number of crosses between tobacco variaties were
made by Shamel in 1903, and among these was one between
Havann as femals and a small-lesved Sumstea type ns male
Shamel (19¥06) stntes that the made parent, which was descended
from Plorida Sumatra sesd, had been grown in Connecticut
for two seasons and was partially acclimated. The Havena
parent was a type which had been grown for s number of
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years by Mr. D. P, Cooley of Granby, Conn, The cross was
grown at the Cooley farm in 1004 and 1905,

According to Shamel the first hybrid generation grew some-
what more vigorously than the parent types and was rather
uniform in its habit of development. The second generation
was thought to be no more varinble than the first. Selected
plants of this generation were grown at the farm of BEdmund
Hallpday in Suffield in 1006,

It woa the cusiom of the tobacco experts of The United
States Dopartment of Apriculture, who at this thme conducted
the work of tobacco breeding in Connecticut, to solect desirable
field types, harvest the leaves from each seed plant separately,
and to base ther judgment on the combined data from the
growing plants and the eured lesves.

After examining the data on the Py genaration collected in this
manner, My, Hallpday and Me, J. B, Blewart concluded that
ong particular plant, bearing 20 short, round, pointed loaves
with short internodes between them, gave great promise of
becoming & desirable commercial type.  Accordingly, Mr.
Hallsdsy added one row of plants from inbred seed of this
individual to the two acreg of experimental tobacoco grown
by him in pursuance of a eco-operative agreement with the
Department of Agriculture,

The plants in this row, sumbersd 2h-30 in accordance with
the Department nomenclature, grew comparatively uniformly
and several were inbred, In Mr, Halladay's absence, however,
Mr. Shamel and an employee of Mr, Halladay's, in reducing
the number of sead plants gaved, topped all the plants except
a late one, which was afterwnrde inbroed.

In view of Mr, Halladay's high opinion of this type, the seed
of this plant and that remaining from its parent wers used for
planting in 1908, éach generation being given a separate number,

The field in 1905 presented & fairly uniform appearance and
gave promise of producing a valuable weapper tobaeco, The
new type was named “Halladay Havana," in honor of Mr.,
Halladay, who, in & large measure, was responsible for ite
production, It averaged about twenty-six leswves per plant
and grew to about the height of Havana, The leaves were of
medium length, averaging shightly shorter than Havana; they
were fairly uniform in shape, with somewhst rounded tips,
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The crop, when cured, lacked uniformity. Some leaves of
exceptionally fine quality were produced, but the general fault
of the crop wan a lack of grain and teo large a proportion of
the heavy leaves known to the trade as “tops."

From this 1808 crop one hundred seed plants were saved,
the leaves of each being carefully harvested, cured and fer-
mented. Mr. J. B. Stewart and one of the writern made care-
ful notes on the quality of these individuals, especial attention
being paid to the fenture known as “grain.”  The plunts showed
great variability; some of them had produced a fairdy high
grade of wrapper tobacco, others exhibited mther poor quality,

In 1908, sead from twelve of the best of these plants was used
to continue our own experiments, but small amounts wers alio
distributed to a number of Connecticut farmers, In addition,
three acres were grown in Massachusetts, Some of Uhese
results were very promising, At the Arnold farm in Soethwick,
Muns., for example, a measured acre produced 3,000 pounds
and brought the prower over §700. Other results were loss
favarnble, but on the whola the experiment seemed worth
repeating on a larger scale,

Accordingly, about 125 acres of Halladay Havana were grown
in the Valley the following year and, while some men sold their
crops at a good price, the resalts, in the main, were not en-
couraging. The chief faulis mentioned by the buyers wers
lack of grain, too large proportion of dark and heavy leaves,
and poor burn, although, in some cases, the burn was satis-
Inctory.

This was the status of the work on the Havena¥Sumatra
crons when the data collocted previously were tumed over to
the writers in 1008, Shamel, who had been in charge of the
work up to this time, had come to the conclusion that the Halla-
day type was the result of a mutation. Apparently, he did
not lend hin approval to certain biological beliefs current ut
this time which indicated an alternative theory ss an inter-
pretation of its origin, For example, he believed that in genernl
there was no greater variation in the second generation of a
cross than in the first, and that considerable progress could be
made by selecting pood F, plants, soms of which would breed
true and glve uniform progeny in Py

The writers did not take this view of the problem. It was
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gontrary to all modem idens of breeding to expoct a croas be-
tween two self-fertilized varieties to be variable in F,. High
variability ahould occur in F,, due to the recombination of
Mendellan {sctors. New iypes showld be produced in P,
which could be reduced to an homorygous condition by selection
and thereby fixed.

It was ot impoesibla that the many-leaved type could have
ortpinated by mutation, but it appeared mueh more probabla
that i had been produced by recombination of parental char-
acteps, Tha type had the number of leaves and leaf shaps
of the Sumatra parent, combined with the habit of growth of
Havana, and a close approsch to the Huvans leaf sizs. Other
characters wers in A somowhat intermediate condition; [or
exnmple, the erinkling of the lsaf was apparently a blend of
the smooth Havana leaf with the much crumpled Sumates leaf,

Fawrily (4083 (08 Suwatra ¥ Havana,

To teat the hypothesia that the Halladay is o resalt of thas
recombination of parental charactess and can be reproduced
whenaver desired, a cross wis made in 1010 between Sumatea
female and Havana male. The Sumatra was a direct descendant
of tha typs used by Shimel fn 1903 and bad been grown [rom
inhred sesd for a number of generations. The Havana was the
commircial vaciety grown at the Windsor Tobaoco Growers®
Corporation in Bloomfield, Although this varaty of Havana
was not exactly the same a8 that ueed by Shamel, it was the
same in all essential features, the probability being very larpe
that both types originally came Irom the same souros,

The dats on mumber of leaves per plant in this cross are given
in Table I. The Sumatra and F, generation were grown at
MNew Haven in 1911;. the Havans was grown at Bloomfisld
from commercial seed of the same type as that used for the male
parent of the cross, The F, generation was intermediate for
lonf number and loaf size and was as uniform as the parental
typed. Tha variability of the P, generation for leaf number,
size, shape and height of plants was very large. Some types
were produced which could not be distinguished from pure
Sumatra: others- had Bumatra lenf characters and Havans
leaf number; others resembled Hovana in all festures; and
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uﬁnummmhfﬂmuﬂmﬂhhbharduﬁ“m,
combined with the leal number of the Sumatrs. Thess results,
illustrated in Plates I-IV, give conclusive evidence that tha
Halladay type can be reproduced whenever desirad,

Effects of Seloction on the “Havama X Sumatra” Cross.

Let us now consider the effects of three years of selection on
the Halladay strains of Shamel's cross. The puraly penetic
results of selecting for high and low leal number are described
in another paper. The work is considersd briefly at this point,
however, as the results have an important bearing on practi-
cal tobaceo breeding. They show why the type lncked unie
formity in 1908 and 1909, and hence the reason for jts failure
ai m commercial proposition. Further, they go far toward
indicating the proper proeedirs in obtaining results of economic
value after hybridigation.

In brief, the method pursued in this sglection EXpEriment was
a8 followa:

Of the nine families with which the experiment was started
(Table TI), eight were grown at the Krohn Tobacco Company,
in Bloomfleld, in 1909, and the other (No, K) at & farm nenrby,
These nine families were selocted from the 100 seed planta of
Shamel's cross which were grows at the farm of Edmund Halla-
day, in Suffield, in 1908, Prom each of these families an inbred
plant was saved which bare a high leaf number, and another
with a low leaf number. These were made the basis of Py
and meieus seloctions, which were grown the following vear,
and from this time on seed plants with & high leal number have
been saved from the high or plus selgction, nnd seed plants
bearing a low leaf number from the low or i sclactiog,

These results, given in Table [1, include the selaction numbser,
year grown, generation, number of leaves of parent, range of
variation for leal nember, total plants, and tlometrical o=
stants, consisting of the mean for leai number (A), and coeffi-
cient of variability (C, V.).

A consideration of these data shows that fn ane family, No.
27, no aupprecisble #hift of the mean has been obtained, the
mean of the low selection for 1012 being 25.0+ .07, and that of
the high selection boing 250 04, .
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All other plws saloctions except (78=2)=3-3 and (K=2)
—1=8 have given a chaoge toward the high leaf condition,
These selections gave about the sume average leaf number
as in 1909, Iﬂmmthumuhunhamgﬁduaﬂy
ahifted, na fn the plur selootion of family 76, which gave peo-
gressive changes from a mean leaf value in F. of 24111 to
!i-i-.m in i"q. then to 20, 1= 08 fn F|, mnl ﬂ!'lﬂ”.j" in Fln
to 26,907, Other {amilies, as Nos. 5 and f, gave a large
change in mean due o the fret vesr of seloctdon but in later
generations have given no further changes due to continued
seloction. In general, the results have been what one would
expect if selection simply isolated homozygous types from a
heteroeypous population, 4

Selection for low leaf number has cansed dacreases in (5—1)=1,
(h=1)=1-2 and (T7T=1—1-2 and slight decreanes in
(6—1)=2, (78—1)—2—1 and (76—1) =1, but of such & small
nature that little dependence can be Maced wpon them. A
negative affect is shown in case (41—1)—2.

In previous papers we have shown that the sumber of leaves
per plant is & very stable character and, as such, little affocted
by environment, That selection has made various depress
of change in the mean of some types and no change in others,
wa believe to be due to the fact that some selections, a8 for
example No. 27, were in a pure or nearly homozygous condition
in 180, while others were heteroavpous for difTerent numbers
of factors for leaf numhber.

CGemernl feld notes on the Halladay types, which were grown
in 1812, are given in Table I1I, Thres different observations
on these types were made! poneral vigor, shape of leaf, and
leaf character, whether smonth or erinkled, Of the foirteen
scloctions given in this tuhle. thres were clussed as very vigorous,
seven as having good vigor, three as of fair vigor, and one s
nonsvigaroun. As to shape, cleven have broad round tipiged
leaves, one has broad leaves with a pointed tip, and two from
family No, 77 have leaves which resemble the Havana in shape,
Considering fullness between the veins, one sclection has very
erinklod loaves, elght have erinlled leaves, two have alightly
crinkled leaves, and three are classed as smooth-leaved types,
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It is of interest to know that the leaf character and also the
length of internodes of No. 77 closely approach the type of the
Havans parent.

TABLE 1ML

GEsmasr CHARACTEEISTICE oF SErpctEs HALLADAY ETHAING
Guows 4T Ruoomrienn 1% 1913,

s w Bhaga ol Lt Trps of Leaf
fi—-2—1=3 L oo Broml, rodfid Blightly uﬂn}tﬂ
B=g=1=d Eﬁ'rnga " pﬂ'lllr]u';p "
12=1=1 Vory gond = powpe] ¥ Bmonth
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i =31 - " i 4 &
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M=]=]=] air  |Pafrly brond, pefsted -nfpl Bainaith
TM=32=1 el " . s | L
K=1l=1=2 Poar Broad, rownmt I.ij: ('.I'I.l:-khi
K=0=1=i oo . "

Some data oblained on comperative leal length of these
Halladay types are given in Table IV. This table gives the
average rumber of leaves per plant, by actual count, the total
ghald of cured tobaceo on an acre basis, amd the numbsr of pounds
of tobaceo in each leaf length class, This, of course, dues not
give the munber of loaves of ench length, as it naturally taked
more 124nch leaves than 20-inch leaves to welgh & pound.
However, n general iden of the average length of leaves of a
selection can be obipined by this mesns,

This table shows that leaf length is not very closely correlated
with mumber of leves per plant, For example, selection
(78—2) =3 =3, which average! 26.7 leaves par plamt, produced
only 266 pounds of {S-inch tobacco, while selection (12-=1)-1,
which sveraged 20.1 leaves per plant, produced 1,162 pounds
of 18inch tobacco, (K=1)—1-8, which avesaged 215
leve , produced only 113 pounds of P0-inch length, while
(K=3)—1—8, which originally, in 1908, came from ths same
plant as (K~1)=1-=2, and which aveniged 21.8 leaves per
plant, gave a production of 44 pounds of 20-moh length.
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TABLE v,
Couramamive LExors o LEaves o THE HALtapay STratss v 1913,

Jadad | for Laxd
by u:|‘1.r--|.ﬁul Langth Classss ]

b g S e, sl
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The largest amount of tobaceo by weight was produced in
the 184nch cluss by ten of the selections, in the 17-nch class
by two, in the 16-inch class by one, and in the 20-inch elnss by
two selections. The Havans grown for comparison also pro-
duced tho greatest amount of tobaces in the 20-inch clags,

Qualily of Cured Leaves.

The duta already submitted have shown that by 1912 several
types markedly differont in Jesf number have bhoen prodieed,
Though it is less casy to demonstrate by concrete figures, thess
types also differ in vigor, shape of leaf, plant height, ete, This
fact is of practical importance and glves conclusive evidence
for believing that the Halladay type, as grown commercially
in 10081010, was not the uniform type which it was, in peneral,
considered to be. May not these facts explain the reason for
the commercial failure of the Halladay by showing that tha
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typo, as n whole, wan in s heterozygous condition and, therefore,
eould not give tobacen uniform in quality, That some growers
were [avormbly impressed and others less so may then be en-
tirely duoe to the fact that some grew favorable types, and others
types which, from a commercial standpoint, were very inferior,
It was for this reasom, justifiable from the commercial point
of view, that the culture of the Halladay was dropped.

Prom 10080 to 1011 inclusive, no data wers taken on the eursd
leal of the Halladay, ss our sola aim wmas to study the offects
of selection on the field habit. In 1812, however, the tobaoco
wis harvested, cured, fermented, and assorted, %o determinog
if certain selactions hed come to be heétter than the othors and
il any gove proodss of commaercial value, Pecauss the spason
of 1912 was a dry one and not very faverable for tobsceo, the
crop, as a whaole, waa of inferior quality, A small plot of com=
mercial Havana of the sume type as that grown by the Windsor
Tobacoo Growers' Corporation was grown on the sume field,
however, and was cured, fermented, and assorted in the sams
manner af the experimental tobacco. By this method we
were ahle to obtain some ides of the comparative value of our
selections, using Havana as the standand,

However, it should be noted that on account of practical
difficulties the time of harvesting the various pickings was
not always at the proper degree of ripeness. For example,
the first and third pickings should probably have boen made n fow
days earlier, but for unavoidable reasons this was impossible,
Further, some selections were s few days earlier in maturity
than others, and as all selections were harvested on the same
day, some may have received more favorable treatment. This
was partly corrected by making o larger picking, that is, by
taking more leaves from the very mature types at an early
picking than were taken from the later maturing types at the
game picking,

The method of harveting tobaceo by the “priming'’ method
is wall known (sec Stewart, 1908) and will he mentioned only
briefly here. Four pickings were made of our experimental
tobacen, as follows: About 5 leaves were harvested at the
first picking, 5 to 8 at the second picking, 7 to 12 at the third
picking, and all rompining loaves of commercial size at the last
picking, The leaves of each picking were then taggod with the
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mim:imntm:humd:uriudmﬂmhnm.whutthum
Hrmlndlmngmhun.tmmﬂﬁwlﬂ]mmmmm-hh
& tag containing the seiection number attached 1o each lath,

Thlﬂlﬁﬂjlnlmirlllﬂmmhﬁtﬂllﬂdllrwlﬂﬂm
ﬂmnttmm-ytudfgwt the tobacco by firing, which
mmp&lﬂmdhyhukld!n::hlmnlﬂmm-nm:tm,

After the tobacen was crired it was taken down whan in "kase,"
thk fu, whmjmtdnmum{hwhumiﬂ the hands with.
out breaking the leaves, The leaves from ench lath, with tag
atteched, wers tied into hnnds,uudt‘numbmﬂuuplm
ma “bulk’ to g through s perod of formentation. The
experimantal tobacoo was not fermentad suffictently for com-
mercial use, hut the fermentation tended to svan up the colom
86 that the tobaceo could be assorted with betier judgment,

After the tobacco had remained in the bulk for about four
wenks it with remaved and all of each selection placed together,
the different pickingy being kept scparate, Pour hands of
the first three plekings of the different selections were drawn
at random and were examined for quality by three tohsceo
Judiges, Thnnmuhnndlwmmﬂuuymmlned by the writers
for “grain* and “textyre,*

The total erop of tobacco was then fizod by the useal methed,
This consists in soparating the leaves into different lonptha,
from 12 1o 20-inch classes being made. This work was done
by gifle under our Eupervision,

After the tobacoo was sizad [t was azzorted into prades as in
commercial peactice, The actual warlk of assorting was dons
by experienced sorters, and the different lengths and grades were
weighed in pounds and ounces,

“trraim'" in Tobacco Leawves.

The prosence of small pimple-like projections scattered over
th-nnriluf:dtuhlmiaﬂaﬂud”rrnjn." It is a wall-known
fact that all tobacco doss not exhibit this tendency {n the same
degrre. hmmmﬁuhh@ﬂnﬂﬂi]ymﬂ
in other cases small and soarcely visible to the naled aye.

[h:anthnmhamntxputswhu kindlyu:lminlwl-huldq
seloctions made the criticism that the “grain'' wan over-devels
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apoed, and another expert exprossed tha opinion that the selec-
tons, 43 a whale, were lacking in grain, ‘This fact is mentioned
ta show that the ideals of some of the best growers difler on
this matter, Both men desired prain in the leaves, but one
prefarred large pimply graing, casily seen, and the other a fine
grain, searcely iistinguishable. )

Btargin (1809 found by microscopical examination that the
grain of tobacco leaves was due to a crystalline deposit of some
material, the compound being, in his opinion, ealcium oxalate,
Contrary to expectations, he found no incressed deposit due
to hoavy liming of the soil but he did find that the thinner
leaves which were produced under shade apparently contained
it in smaller amounta.

If grain is calcium oxalate and as such of no value for burning
gualitios, it {= very probable that it doos not deserve the bnpor-
tance that it generally receives, although, as Connecticut growers
generally consider the prosence of grain to ba an indication of
quality and as tobaceo buyers as & rule make it a factor in thelr
fudgment of the crop, it becomes necessary to conshder ita
production. From the writers' stondpoint & fine-grained
wripper loal presents o more handsome appearance than leal
with larger grains, although the final test of any quality depends
upon the demand of the consmer

Az has already been mentionsd, some of the parent plants
of our |00 sclections were examined for grain because it was
believed that the Halladay Havann, as o whole, lacked in this
poarticular,. We have therofore comsidered this chearacter in
our expertnental work o 1912

Before the tobacco was wmigsd and afier fermentation had
taken place, four hands containing approximately forty leaves
each were drawn ot random from the first three pickings of
each selection and were examined for grain. The method
followed was an arbitrary one. Seven general classes were
made: those leaves which had a maximum amount of griin
wera placed in Clams 1, and those in which no grain could be
distinguished were placed in Class 7. ﬂh‘!.r!m.ul;rth:rum.ining
closses ranged in value [rom maximuwm to minboom grain
production. The results are given in Table V.
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TABLE .
Vamrmamox 1% Gras oF HaLLavay Sruisws 18 1912
I - Graln Classes :
- e
|- S R R, T e
B=2=1-3 | ans 1 |15 20 45 48 10 .. | 13
Frowen joies] K] d T 97 & T4 « | H.RE
:r-hrn.iﬂa.m B | 1 & I8 o8 &7 BF . +.7T
- _dnies | | Total | 15 3 K7 121 108 41 .. | BAT
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8§ booas LN 4.7
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a o L @8 B0 A8 80 .. | a.30
Total 11 42 90 150 142 50 .. | 4.05
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K=1-1-2 21.5 1 1B 3t 42 42 16 .. .- 3.12
| # 16 a8 &S84 33 @ ., | 304
1 ea ea wq AN 08 OF 3| KM
T . Towl| 22 48 77132104 68 2 409
K-3-1-0 | 22K i (4 If 94 48 &0 A .. | B0
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3 i i1 35 o 8@ % .. .04 |
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avann 20.0 1 38 47 47 FE  H 557
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tnuﬂlﬁu.{ gl ol 1 31 T 58 4| 538 |
in Total | .. % 41 117 173 106 @ | 470 |

A consideration of thin table brings some interesting facts
to light, It will be seen that in genernl there is less grain in
the upper leaves—that is, the luter pickings—than in the lower
leaves. On comparing the results obtained from the experi-
manial selections with the Havana selection grown on the same
field, we observe that although the Havana was variable in
this character it had a larger amount of geain than the other
saloctions. This, however, we know is due to the fact that
each individunl “grain" of the Havana was larger than in the
other selections, our classes representing total grain production
nnd not closenes of groin,

In the first colwmn of the table, under the selection numbers,
the "grain” condition of the 1008 ancestral parent plant s
given when knowm. (Of the sixteen selections given in the table
only cight can be considersd under this head, and in one of the
edght no third picking was examined, so only seven gases remain
for discusslon. Of these seven, throe descended from plants
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clnssed as having good grain, three from [mir-grained plants,
and one from a poor-grained plant. Those descending from
good-grained plants have means of 4.02, 4.07 and 3.97: thow
from fnir-grained plants have means of 3.00, 4.42 and 3.09:
and the selection descending from the poot-grained plant has
o mean of 4,70,

Of course it would aot be fair io lay very much stress on thess
results, it being probable thet all tobacco has the ability to
produce some grain. Ouwr resuits simply indicate that some
types, under favorable conditions, produce more grain than
others. As such is the case, it seems only fair to conclude that
different degroes of grain production are inheritod,

Textrire Observations,

The same leaves which were examined for grain were also
classed as to toxture. In this work grain recsived no welght,
and the following brief descriptions give an idea of the charact er
istics of each class,

Crass | — Included these leaves having a dry nature, lacking

in oils and gums, with a body so thick as to render it
too heavy for the best wrapper lenf,

Crass 11~ Included those leaves of a semi-dey natuse,
apparently having no more oil than those of Class L.
but more gum. The body stiff bt mifficlently clastio
s to allow its use for wrapper purposes.

Crass 111 - Included thoso leaves mont desirabile for wrapper
purposes, the oils and gums being present in sufficient
quantity snd accompanying o medium besdy, resulting
in llﬂiﬂgmdnhﬂtidljr,mhhmﬁmhmﬂ!ﬂgquaﬂﬁﬁ.

Crass IV = Included those lesves of mediom body  mmd
the pum comtent, but with excessive amount of oils,
glﬁnguuwhmq:mnwwhhnhmrm:
“rubbery” nature.

Crass V— Included those leaves of excessive oll and gum
comtent with a medium to heavy body, resulting in a
toxture of a decided “rubbery” nature.

Of the classes here given Class 11 is most desirable from &

wrapper standpoint and Classes | and V least desirable.

The results given in Table VI show that many of the selec-
tions have o mmch greater percenimge of leavo in Closs I11
H:nHlm.Hhﬂqulhlriﬂnﬁmhnntmnunm
of leaves of good texture than Havann.
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These data were taken in such & munner that any possibile
correlation with the grain classes of the previous discussion
could be determined, and while no correlation coofficients have
been figured we feel justified in concloding from inspection that
there is no correlation between grain and the characters boere
discussed.

While there was no great difference betwoan the selections in
texture, there i no question but that some selections were better
than others, and several of them gave n somewhat larger per-
centage of better leaves than the Havana, :

Resulis of Serting Test.

The results of the actual sorting test are given in Table VIIL.
For convenlence they wre caleuluted to an scre basls, sincs by
this means one can essily compare the value of one gelection
with another. During the actual sorting, the various lengths
of each pleking were kept separate, but for convenience they
are grouped in the table.

The tobeceo was sorted into five different prades: Light
Wrappers, Medium Wrappers, Dark Wrappers, Binders and
Tops. The Light Wrappers comprise these leaves which have
& light even color and thin texture with good body and good
vein. Medium Wrappers are a littla darker and heavier than
the Light Wrappers but must also have good texture and vein,
Dark Wrappers arm hesvier than Medium Wrappers and of a
darker color. A great many leaves, which under ordinary
croumstances would have been classed as Mediums, are plaed
in the Dark Wrapper class because of white veing. Binders are
thin leaves which are either off-colored, have white veina, or
have a tear in them, such faults not permitting them to be
graded as Light Wrappers. Tops are heavy, dark, oily leaves.

Tahle VII gives the prices used in computing the comparative
values, These figures were obtained by consulting tobaces
men who handled primed sun-grown tobacco in 1911 and 1012,
and taking the averages of the prices so obtained. These
prices refer to the packed value after fermentation.

‘The computations for actual packed value were made s
follows: First, the yield per acro for a perfect stand of plants
was calculated from the healthy plants in a measured row.
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Bocand, the total mmount and percentage of each grade waa
figured to this basis by utilizing the actual sorting datas. [t was
ther nesmed that thess grades could be sold st the prices
guoted in Table VII. -

TABLE VIL
Puces Pes Povsn Usen 1% Cowrvring YVaLvEs,

Pricas gar Pesinal lor Leal Lawgiha and Tirales

Giradm - L] s
17 5 1B=E4 I 1500 i,
= 3 et | |
Light wrappers 20 ponta M) centa Al cente
Medlnm m = 5 = &
Baconde N i * a2 -
[Tark wiipipars B A m = a5 ®
Teps AL T 2 ig =

Deductions were made for harvesting an extra number of
lonves, as many of the selections produced a lurger namber of
exves per plant than Havana, These deductions were made as
follows!

Toking an actual case, for example (5—2)=1-—3 averages
20 loaves por plant, by count, and our standard Havana averagus
shout 20 leaves. If wo sstume that all leaves have an equal
weight, 9,/20 of 2,813 pounds of tobacco, o 873 pounds must be
handled because of the nine extra leaves. One of our best-
known growers sadd that it actually cost him 28 cenls per pound
to put ptimed Havana into bales. Thus, the extrn cost of
handling nine leaves, after growing, and fertilizing the land,
would be about 20 cents o pound, and for 873 pounds would
amount to B174.60,

If we take the Havans, which averages about 30 leaves per
plant, as the standnrd, and compare its relative value with that
of (5—23)—1=3, we must first deduct 8174.60 from the packed
valuo of [EI--E:I-i =% Asmming the valoe of Havana as
100, we can then obtain relative values of our other selections
by dividing their pocked value, after deducting the extra cost
{or larger leaf number, by the caleulated pecked value of Havana,
Relative values so computed appenr in the last column of Table
VIIL
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A glance ot the percentages of Light Wrappers recelved shows
in no case a very favorable result. Selection (37-—2)-1,
which pave a relative value of 157.3, lands all the selections
by producing a total of 247% of Light Wrappers. As the
Havann which was grown on the sume field produced only
8.5% Light Wrappers, the results seem more favorable. There
In cuminl:.r & wide range of value for these Halladny sclections,
The poorest, (73 —2) —3—3, which also was the selection which
produced the shortest leaves of the lot, had a relative value
af 742, while the most favorable, (K —2)—1 =0, gave a relative
value of 162.0 as compared with Havana,

It hes already been mentioned that before the tobacco was
ported 1t waa examined by three tobacoo men. Thesa throe
men exsmined the same hands which had been used for the
grain and texture results, each working indepondontly  nnd
without prejudice of any kind other than some diversity of
opinion ns to what constitutes an ideal tobacco, None of the
three men were very favorably impressed, the general eriticism
of ench boing that the tobsoco lacled a bright finish. The
different selectlons, however, were given welative placings,
at our roquest: After the placings had been roughly made,
each man was then given the second pleking of the skx selactions
which, in prefiminary judgment, were rated the highest, With
these second plckings final placings were then made, and the
resulte nre given in the table below, the gradings being placed
in sequence with the botter type at the top.

Judge 1 Judge 2 Juddge A
(17-1)—1-2  (E-2)—1-—8 (K-2)—1-6
Havana (Ti=0=-0=-1 Huvana
(77 —21-1 Havana 2w—-1
(fi=2]=1=1 or=2y=1 (Tr=2)=1
{(K-1)—1-2 (FT—1)—1-2 (41 -2)—1
(=31=1=4 (3T =2)=1 (fh=2}=1=1

It will be noted that (K=2)—=1—0 nppears first twice snd
it 1a also of fnlerest to know that this seloctlon pave o high
relative value by the sorting test, Commercial Havana ranks
second twice and thied once.  The only other sclection which
appears three times in the judges’ table is (77—1)—-1-2,
(27 =2 =1, which gave the scond highest relative value,
appears twice in this table,
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As the crop was of such an inferior nature no hard and fut
conclusions cun be drawn as to the eommercisl value of the
selections, It s encournging that under similar comlitions
several types gave much higher relative values than Havana

Comcluaions,

Cur results show conclusively that the Halladay Havana was
not & mutation or sport, but that it resulted feom a Tecombie
nation of parental charscters, in which the number of leaves
and leal shape of the Sumatra were united with the leaf size
and habit of growlh of the Havana. That the general Halladay
Havana type as it appears in the field can be reproduced when-
evet desired s an undoubtod fuct,

The apparent uniformity of the Halladay type in 1008 has
proved to be of only superficial nuture. By selection we have
been able to produce several straing which difer very widely
in number of louves, leal sze and vigor. In othor (mesilien
of thls cross, selection has &6 vet given no results of apprecalile
valie, It soems anly fair to conclude that by selection we have
been able simply to isolate different lines that approach a
homosygous condition, and that in those cases where selection
has given nio results the lnes were already in a nearly homozy-
gous oontlition.

Quality of cured leaf {8, without o doubt, due 1o both extirnal
and internal factors.  Environment, of which we may mention
physleal characters of sofl, moisture, temperature and soil
fertility, and methods aof handling, such as time of harvesting,
are of great importance. These may be roughly classed ns exter-
nal factors.

In our experiments we have climinated, ss far as possibile,
unfavorable oxternal factors, bt the total dimination of tn-
favorble conditions is a physical mpossibility, Al that we
have been able to do i to give all selections ax nearly an equal
chance under ps favorable conditions a8 possibie. The relative
vahuwes of the experimental selections wero compared with
Havana grown under similar conditions. Assuming the value
of Havana as 100, the experimental types have ranged in value
from 74.2 to 162,46,

Previous experiments huve shown that the Sumatm parent
lacks wrapper quality when grown in Conmecticur, It has,
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however, o barge lend mwmber and o good lonf shape. The
Havann parent, while widely prown, is not an ideal type. The
lend s too pointed in shape and there are sl possibilities of
fmproving its quality. A leaf which is of intermediate weight
between Swmatra and Hoavana and which shows the bright
appenrance and elasteity of the Havann parent would be of
pommercial valwe, Neonrly all of our Hallnday straine have
good leal size and an improved leaf shope. Some of the types
are very inferior in quality, otherm are of intermedinte value,
and n few closely resemble Hovana, The better selsctions will
be further teatod as thev show promise of boing of commercial
vulue.

Fasurwy (403401}, Sraatied x BROADLEAF,

In 1008 & cross was made between Swmatea (403} and the
Connectiout out=door type of fobacco known s Broadleal
(401}, The Sumatma had been grown under tent from inbred
peod for four vears and apposred uniform.  The Broadleaf
parent was a commercial vanety, and as seed of the same type
has proved very uniform we feel justificd in siying that this
cross was made between types which, pd to external charncters,
wire in & nearly homorygous condition,

The objects of this cross were to study the inheritange of
cortain charncters as a chock on the Halladay Havana results,
and to produce o type of tobacco which had the desienble quality
aof the Broadleaf porent together with more desirable mor-
phological chammoters, and it was thought that a recombination
of fnctors from both the Dromdleaf amd the Sumatrs might
furnish such a varsty. The lesves of the Broadleal wre long
and drooping, and for this reason the tobacco s hard to cul-
tivate and harvest. The shape of (e leaf, with its norrow poloted
tip, 3 such that considerable wasie & made in cutting wrappers.
A shorter, rounder, more erect lenf of a5 pood quelity s the
Brondleaf would be of material valne. [t has not been pro-
duced ns yer but the results are of interest as some facts of
importance have been obiained.

The first generation of the cross together with its parents
was grown in New Haven in 1810, though a few plants of the
P\ generation were also grown in Bloomfield,
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In 1011 the parents and twe P, pencrations were grown in
New Haven and large cultures of three P, gencralions wera
grown in Bloomfield It was our intention to harvost the
Bloomfield seloctions and to examine them for quality, but
there was a heavy hail storm a few weeks beforn harvesting time,
and as enly about half the leaves were worth harvesting, the
tobacco was sold in the bundle and no actual sorting datn were
taken, Hewever, some leaves were of good qualliy,

A number of F, generations were grown in Bloomfeld in
1ML and others, topether with further generntions of the
parents, were grown in New Haven. The Bloomficld selections
were assortod in the snme manner as the Halladay Havana types.

{uheritance of Leaf Number,

The inheritance of number of leaves per plant for this family
has been considersd in a previous paper (Haves, 1012) and tha
P and F; hvbrid generation results were then given.

Table [X gives the results of three penerations of the parents,
the first generation of the eroes which was grown in New Haven,
two Fy generations, and nine F, gonerations. which wene grown
in Bloomfleld. This table gives the number of leaves of the
parent, the total number of vadates, the means, and the (=2
efficlonts of variability,

The Broadleaf parent (4013 has shown Hite variation in
menn lenf tumber in the throe years grown, the means being
192 05 leaves in 1810 and 19,0 07 in 192, The coefficient
of varinbility is slightly higher in 1912 than in 1910,

The mean leaf number of the Sumatra virfely was 2824 (8
in 1010, 205,11 in 1901, and N.2%,12 in 1912, The dupli.
cation of the results in the last two years indicates an error of
counting in 1010, snoe wuch an error might arlse by not
discarding the three basal leaves wriformly as was dohe in the
lnter yoars

The coefficient of variability for the Sumatra parent was
B.27T= 21 in 1010, 604« 25 in 1911, and B28a 42 in 1012
The cause of this rise in variability in 1912 is not clear. [t
may be due to a small mutation in one of the perm cells of
the 1910 plant that gave rise to the 1011 population. The
population in 1912 would then be the Fy peneration of the
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mutating germ coll with a nosmal cell, On the other hand,
though, we have duts on another cross that indicate that the
field environment has but litils effect in determining the number
of leaves, it may be that this effoct is sormewhat preafer an
the Sumatra variety with its different habit of growth.

Cross (403401) has been designated as B in Table [X, and
&3 such it will be described in the text.  An inspection of the

variable than the parents, although intermediate in loaf number,
whereas the F, Renerations, B—1 and B—3 of which large

number of 263+ .90, which is about the same as Bumatra,
while the remuinder show means of intermediate valus, although
that of B—3—g 20.6=.12, is anly slightly greater than the
Broadleal parent,

E-—l—-l-itﬁnwanmmfﬁtimt of variability of 718 46, which
Is only wightly higher than the parents, Thds same selection
wak also grown in New Haven and gave a coeffident of vari-
ability of G.44=.27. Por this reason, i one s to attach any
value to this Mometrica] constant, it seema only fair to con.
clude that this type fnin g hommosygous condition for leaf number,
B—1~10 also proved rather uniform since it had a variability
coefflcient of only 7.75« .30, These two types were both of
intermediate value for leaf mimber,

On the other hand, five of the Femeining populations have
coefficients of variability of practically the same value as the
Py generation, and two show an intermediste value, This
difference in the variability of P, populations grown from
individuals from varous Fy classes is exactly what should be
expected if several Mendolian fuctors have recombined in the

Shape and Sise of Leaf,

Iuthie:dltnminhuimnmnﬁufmtn:m B, which were
glminuurﬁu-papﬁ-. there were no F.j:imtuwithnlun
an avorage leaf area a8 the extreme variates of the Broadleaf.
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This was explained bry the fact that the environmestal conditions
for Fy were poorer than the parents or Fthn.d_nnjnynd. While

nimerous plants of several of onr P gencrations grown at
Elﬂﬂmﬂminlﬂmhumhmthisup!mtimtuhlmumm
one,

results a difficult task: but chape of leaf, which is the basis
of our next uudy.h!uumm}-humhjmtmiunh modification,

'ﬂmnwthuinfﬁﬂmmini:qlnfshlpawldnhhnbwnﬂmd

is callod breadth index. [t iy obitained hyrﬁ.\ril:lingthahfmdth_

by the length and expresging the result in per cent,

The same variates which showed ng distinct segregation in
hiﬁul:w:bumcmﬁdnmd,thummhulﬂﬁnmhndﬂ
treatment appearing in Table X. The middle leaf of each
plant was used in compuiting broadth index.

The table shows that the averige breadeh index of the Sumatre
is 53.5=.10, which means that, on the average, the breadth
of leal of the Sumatrs is g lttle more than half the length.
The Broadleaf gave an index of 47.9=.20, and the P, generation
an index of 58,24 18 The indexes of the two Fy penerations
are shown by the table to be 40.3 35 and 40.5% .19, Tha
conditions for the P, penerations were very unfavorable and
the indexes are smaller than one would mipoct, That thers
in mome sort of segregation of leafl shape seoms very evident,
a8 the coefficients of varmbility of the F, are mich larger than
those of the parents, or F,,

Table XI gives comparative results for length of loaf of the
Iy seloctions prown ar Bloomfield in 1912, This table Fives the
average sumber of leaves por plant, by actual count, the yield
of cured tobaces per acro, and the number of pounds of curad
tobacco of keaf length classes, which rasige from 12 to 20 inches,
It is regretted that no Broadieaf selection was grown to compare
with the hybrids,
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TAILE XL

Coupakamive LEsore oF Leaves of taHE Py OGenvzzanons oF Cmoss
(A0 =201, BusaTos < BROADLUAY,

| Viakal in mef:‘-':l'-m Clannea

fin. Praadig- | Poonds
lims par Acre | 13 | 18 | 14 Iﬁ|lﬂ|1? 1B
B=1-4 | 232.0 | 32030 | 130 :rm! ml aml 350, AB0) 200
B=1=7 | 9.5 | e | o3 1w 213 -.=a1| ana [T
E—1-H 06,3 9579 | S05 201) 410 388, 208 Al
A=1=10 | 24.1 2317 | 41| 183 333 358 484 443 051
B—l=12 | 23,7 | 2408 | 40 101 150 241 B3 431 B
B—-1-14 | 1.5 | 428 .| 150 265 361 G20 392 583
$-i-2 317 | Bos | . 152 100 202 410 51T 082
== A 2T &8 173 208 276 A3 405 043
B-i—6 | 200 | 260 | 3 14 190 m| 31 435 668 434

In considering these results it i important to nota that only
medium size and large lesived plants were used as parents of
the I, genorations,  There ls considerable variation in loaf lengtha,
as shown by this table, Thus, B—1—4 produced a large number
of lenves on clusses 15 and 18, B—1—8 and B—1-=14, while
producing the greater weight of leaves on class 18, also pro-
duced o large number of leaves on clamses 15 and 18, B-i1-8
is the only selection which produced the most leaves by weight
in clans 80, ‘The selections, then, show consdderable varintion
in leaf length when compared with cach other and show that
there are probably s number of fuctors afecting leal siso.

Some general notes on the leaf conditions of these Py genera-
tions of cross 1 ure given in Table XII. Three general fontures
— uniformity, color of leaves and type of leal — wore com-
sidered, Uniformity refers to the leal characters of the selection
as @ whole. Those marked “good” in the table were uniform
fn all charmcters, while tha remainder showed considerable
variation. These facts are mentioned here, as our results point
to the conclusion that the different characters, such as leal
number, shape of leaf and type of leaf, in which the parents
differ, are in o large messure inherited independently. One
other purpose was to determine if any single external character
cotld ba correlated with quality.
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TARLE X1,
CENENsL NoTes oN THE Luiy CoNnrtioN ur THF F; GENERATIONS oF
Cuoks (40834000, SUMATRA ¥ Roan sar,

L' -

o [ owwion T e

| Croad Light groun Muoderataly crinkled
B=]-7 Fair Metiom greon Emacth io erinklsd
H=]=8 e - Light green Very erlnkled
B—1-10| Palr | Medium grosn o bluish Elightly ernklad
H—1-—12 | Palr Somewhat I¥nih wnves mostly smooth
Be=l=14 | Giood Maodium gresn FEsamer i
B—-8-§ | Pair Lulfhr ¥ 1\ greun Blightly erinkled
B-d—6 | Fair | Medium to dark green Moderntoly crinkded
H=d-8 Fair Medium greet Mowlerntaly erinklmi

Quality of the Fi Selections,

Data on texture and grain were not taken for the F. Stmatra
* Broadlead crosses, with the exception af two selections which
were axamined for grain, the leaves being claseified into seven
grain classes as for the Halladay typen.  The seloctions used
Were B=1-10, which proved uniform for number of leaves
per plant, giving a varinbility coefficient of 7.70h=.30, and
B=1—7 which was not uniform for leal number and which
Eeve o variability coefficient of 10,14= .34,

If there were & correlation between gradn and leal number we
8hould expect the classes for B=1-10 to be more uniform than
efor B—1~7. A ylance at Table X111 indicutes Lhat such is
the case, gince both selections were about equally varighle
both have & large amount of graln. At the same time
realized that the melhudu{dﬂﬂuﬂ-uingwninuﬂ:ndingi]r

ey,
TARLE XTIII.
CoMpsntson oF Oaais oF B =1 =5 iwp =11,
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Hin sy | g |
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2 B2 Al 40 M o1 .
a 42 M M @ o .
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Table XIV gives the sorting test and relative values af the
P, selections. The yield ranged from 2,080 pounds per acre
In B=1-4 10 3,200 pounds in B~3~5. This scems to be good
gvidence that a selection can be produced which would give a
much higher vield per acre than the commercial Broadisal now
grown. The sucoess of our experiment does not depend so
lnrgely on yield factors as it does on quality values, however,
andd on this subject no very definite conclusions can be drawn
until the selections are more uniform for external plant charncters
and have been tested for quality another season.

B=1=4 hasn about the same relative value an the Havana
type given in Table VIIL, the relation of B—1—=4 to Havana
being 1051 to 100, For the relative values given in the lnst
column of Table XIV, B—1—4 has been used as the standasd
(100}, the nctual prices for grades being pseumed to be the
same as for the Halladay types which were piven in Tahle VII.
B=1=14 gave about the seme relative value as B=1 =4, although
it gave o yield of 2,020 pounds per acre while B—1—4 only
gave a yield of 2,030 pounds. B—3-5 guve the highest yield,
and nlso the highest relative value of any of the selections.

The attempt to discover some extornal charncter or charmeters
which are correlated with quabity has not, as yet, proved suc-
cessful. 1t seems very probable that, although it may be noces-
sary to have all characters in o nearly homozypons condition
in order to produce tobacce that & of uniform quality, this
is not becauss there 18 o close relation between guality and any .
one oxternal charncter. If the type 5 in o complex hyhrid
condition, variation in time of matuelty, wvepation, ete., will
be the rule. Such conditions will ot be faverabls to producing
g uniform quality of tobacea,

{Comclusions,

The tesults oltained from the Broadlesf ¥ Sumatra cross
show that, 85 & ruls each character, such as leaf sive, leaf shape,
number of leaved and type of loaf, are inheritod {ndependently,
Hencs the difficulty of producing a uniform strain after erossing
will depend largely on the gamatic condition of the parents,
I the parents differ in o large number of {factors the diffionlties
will be much groater than i there are bt & emall ouember with
which to deal.
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The really important feature in that there in o segregation
of quantitative characters in the F. generation of tobacco crosses
nnd thst some segregates will breed true in Fi,  As this {s the
case, there seems to be no need of using a different method
when working with quantitative charactess than for qualitatiy
or color characters. .

Bince quality of oured leal depends on many factors, external
as well as internal, it is probably unreasonable to expect o single
external character to be closaly correlated with quality, but
&8 homozyposis produces uniformity in both guantitative and
qualitative characters it must tend to produce uniform quality,

The important matter in practice is simply to grow & suffident
pufiiber of Fy and later generations to run n fair chance of
testing out all the combinstions of factors possible to the parental
variotios used,

Faserny (402408), Havana 2 Cupax.

Thin cross wii made o 1000 between straine of Havana
and Cuaban which had been grown for several years from inbred
s, The P generation of the Cuban parental type given in
the tahles was not grown from inbrod seed of a single plant,
but from commercinl seed saved under Lent covering. The
planis from which this seed was saved were grown from seed
of direct descondanta of the inbred Cuban type used as the
mple parent. The Py generation of Havana given in our tables
was also grown from commercial seod,

This eross has been desigmated as C in our discussion. The
parenta and different generations of this cross have been ErOWn
inder shade covering at the Windsor Tobacco Growess' Cor-
poration in Bloomfield, with the exception of C=1=5 and
C—1—6, which were grown outdoors on the same field as the
Halladay and Py Broadleaf selections, The conditions for
this cross grown under cloth shade are more uniform than for
the provious experimental selectionn which were grown in the
open, dug to the protection the covering affords from heavy
windn mnd stormas,

The parente and F, were grown in 1910, further generations
of the parents and Py in 1911, and the third generation of parents
and five F, generation families in 1912,
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Tuheritance of Ledf Nwmber,

The inheritance of oumber of leaves per plant is given in
Table XV. The Cubsn selection gave o mnge of variation of
16 to 25 leaves in 1910 and from 17 to 25 i 1912, The mean
nitnber of leaves per plant was 10.0& 08 in 1010, 206« 07
in 1911, and 20.9=.07 in 1912. There has been & alight. pro=
gressive change in leaf number for the three yoars, but whether
this §s due to an actual germinal change or to unavoidabls errors
i our leaf counts is impossible to say. No wide changes are
ghown by the coefficlents of varability, which wera 7.58=_28
{n 1010, 5,20+ .28 in 1911, and 6.17 w24 in 1012

The Havama sclection gave a mean of 19.8 .07 leaves in
1910, 20.8= 10 {n 1011, and 1844 05 in 1012, This selection
shows no great change for leal number. The coofficdent of
variability shows considerable variation, as it was B.098==.37
in 1010, 8.87=35 in 1011, and 4 50=_18 in 1§12.

The P, gave about the same mean and varability coofficlent
a5 the parent types, the mean being 1.8 07 and the coefficlent
af variability 0.10= 24,

Il the parenis both contained the same inheriled fnctors
for leaf number, which one might expect from their having
about the same average number of leaves per plant, no increased
varability over F, should be obtained in Fi. The range of
variation, 14 to B3 leaves, and the coelficlent of wariability
af the T, generation, 1584 .54, both show that such is not
the case. Plants appesred which bore n higher and alio A
tower number of Teaves than in Py,

The counts of leal number for the five Fu generations show
eonclusively that the increased variability in Fy was a germinal
one, These five Py selections were grown {rom Py plants which
hore 30, 90, 22, 35 and 30 leaves respectively. Progeny from
one of the Mleaved ¥, plants, C—1=3, gave rather untlorm
results fn Fy, the mean being 184 =04 and the coefficient of
variability 9.02= 38, Progesy from the other 20-lenved parent
plant, C—1=2, and also the 22-leaved plant, C—1—6, gave
means of about 20 leaves per plant and large vardahility coeffi=
cionts, 1467067 and 16.17= .56 respectively.

The two rempdning selections, C—1-4 and C=1=0, with
coefficient of variability values of 11.20+ .44 and 10.00=72
were more variable than the Fy and less variable than the Fu
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TABLE XVIL
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The means for leal! number were 26.0% .10 and 280« .28
Thus, from crossing two types bearing an average of about
20 lenves per plant, o new type has been produced with o larger
leaf number,

Kize and Shape of Leaf,

It was pointod out in an earfler pper that Cuban and Heavans
have about the ssme average ledf width but that Havana has
somewhat longer leaves than Cuben. The breadth indexes
of the parental vareties and crosses are given in Table XV
As in tho other cross, the middle lenf of pach plant was wsed
for these computationz. The Havana leaf i3 shown to be pro-
porthonally much narrower for fte length than the Cuban,
The P, wos of intermediate valee for breadth index, and in
Fs there was an bricrense of varability, The Iy strain, C=1=1,
bred comparstively uniformly for the Cuban shape of leaf,
giving & mean breadth index of 575w 23, This in alightly
lower than the index of the 1810 Cuban selection, which is
ARG 10, but the difference betweett these values is slightly
less than four times the probable error. The parent F, plant
of C=1=1 rowernibled Havana in all particulars and the progeny
was ol Havana type in both leaf size and breadth index value.
The breadth index of C=1=d4 was ilso of Havana type, and the
cocfAcient of varsbility showed this selection to be uniform
in leal shape,

Table XVII gives the inheritance of leaf siee for this cross.
For this work, the areas of the [oarth leaf from the battom,
the middle leaf, and the last leaf at the top below the bald sucker
wore takeni.  The aroi of leal used 4o the table 1= the average of
these thiee measurements,

The table shows that o 1910 the averago Havans leal wrea
was greater than the Cuban and that the F. geseration had
nonrly a8 lnrge an average leal nroa as Havana, The average
leaf wren of the Fs peneration was dlightly greater than i Fy
el the varahility wae also miich greater.

It is true that none of the shade selections grew ns vigorously
fn 1012 pe in grovious yenrs, but this does pot explain the pro-
portionally greater decrease in leaf size of the Havans ss oon-
pared with the Cuban. It is of interest to know that selection
C=1-#, which was not very varlahle for leaf number and
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which was af uniform leaf shape, gave a variability coefficient
of mhout the same value as the parental seloctions. The coeifi-
ciant of varability of C—1—2 was only slightly greater than
that of the parents, while C=1—4 seemad 1o be more variahle,

It should be mentioned that the coefficient of varability is
not a veey safe criterion by which to fudge when dealing with a
character such a8 aren of leaves, Tt i to be expected that a
selection which is heterozygous in other plant characters will
be more varable in o charscter such as leal ares than a com-
pletely homosygous selection, nd simulug to development is
g*mhurinnhmu:mnm'r.hau in a homozygous state, and
when scpregation i taking place some plants of s generution
are homozygous and others complex hytirids.

‘The comparstive length of leaves af the parents and P
generations is given in Table KVIIL As in previous tahles
of this kind, one must remember that these computations are
made on the acre basis and that the figures in the tabie under
the heading “loal classes ih inches' refor 10 pounds and not
to number of leaves,

TABLE XVIIL

Coupapitive Luwors oF LEAYES oF THE PARENT Axb s ChmwenaTioNE
oF CEoss (402 K405), Havass X Cusax,

Leaf Closses 6 Inches

12 |18 |14 (15|16 17 18 DO

) el L T R e

1

E—1—1% 0.0 1499 | Led! 10 1420 5660 ;m! 18 1'11! o
A=1=11 4 | 1608 | &1 o0 206 118 164 273 408 171
C=1-2 1. {oan | woel ung| Isa is| deR QAR TR l‘[m

C—-1-4 15.4 1 44 3G a3 L 181 13T 81T
(C=l= 20,0 ana 1 o s e hg 200 556G
E-{-— o0 70 fiHY Las SO0 BOp o dai 101
c—= ol M (i |r.|i a1 Enli m| 411 Aas LAY
1 |

*Cubamn, f Havans

This table shows that the Cuban produces a larger percentage
of sharl leaves than the Havann. C=1-3, which it will be
romembered was of Cuban shape except that is leaves average
alightly larger, abhows a population similar to 408 =1=1, C=1=
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3, the Fy Hovana type. shows s populstion more nearly like
Havana. Selection C—1—4 is of interest as it produced a
much larger mamber of leaves per plant than the other shada
seloctiond. It also produced a larpe proportion of lenves of
30 inch length, averaging 1082 pounds per acre. The results
given for C=1=5 nnd C=1=8 should not be given much
woight in the discussion of comparative lenf lengths as they
wore grown out of doors. The imteresting feature of these
results is that one of the five F, generations closely resembled
the Havana parent in leal size and shape while another F,
generation produced leaves that were of the shape and size
of the Cuban parent.

Inkeritance of Ouality,

The results of o sorting test for quality are given in Table
XIX, and the prices per pound which were used in computing
relative values are given in Table VII. It f8, of course, tius
that tho selections which wers grown under shade are worth
more per pound than the prices vsed indieste; however, fop
aur purposes these prices are probably as valuable aé any other.
Mo soreections were made for leaf number except for C=1-4,
which produced 26.0 leaves per plant, this being reduced to a
20 leaf basis, The fourth pcking of C=1=5 was lost, so the
figures given for this selection reproscit the first three pickings
only, Beleetion C—=1—4 was weipghod before sleing and ths
vield gpiven in the table is correct.  During the warshouse work
the third picling of C— 1= was mized with a Broadleaf selection.
The Broadlenf scloction wns disearded, bt in the case of the
C=1=0 the value per pound of the third pdeking was estimated,
as we knew the actual value of the first, second, and fourth
plcldng.

The resulte of this sorting test throw some light on the problem
of quality inberitance. Both parental varleties in this eroes ars
tobacoos which proxduced a good quality of wrapper leaf. The
percentages of light weappers are 310 for 405—1-—1, Cuban,
and 39.8 for 402—1—1, Havana. For the computation of ths
relative values, Havana in again taken ns the standard and
the ratio of the shade selection 402—=1-=1 to the out-door
Huvana glven in Table 1X is 118.3:100,




TABLE XIX

CoiTiNG TESTS Axn RELATIVE VALUES oF e Papests asp Ty Gexewations o Cross (4023040580,

Havass L URAH,

Havama-Crnan Chons.

I oo i i
: | sggzias

I SHERSSS

==y

s i ot e
SERHRZ2

GREAIRE

Hawana af Table IX is 1153100,

Cubaa and 402 —1—1 being Havans.

| BRSLRES

£in

—1 =1 bt
anx 1o the

o skade Hav

] anid Cul

Woehd i
Thremil=
=
14
15
14lh
1424
L8 1
170r
e L |
ctween Havans
parstive valos of th

i



L] Coxmevricyr Kxpniruesyt STation, Briieriy 178,

That the incroase of leaf number dom not catise an increass
of darle and top leaves is clearly shown by selections C—1—4
ad C=1=0, These selections both prodiced a high percent-
age of light wrappers and gave a high relative valiae.

The vields of the shide tobaeco are much less than they
wotld be if they were grown in the open, a8 the shade covering
produces a thin leaf, A sample of Havans shade-grown Hght
wrappers was shown to a well-known buyér who was In the
warshouse when the experimental tobacoo was being nssorted
agd he was asked what they were. He immediately replied,
YA fine qualty of Hovana" On the other hand, an out-door
Cuban selection retained ita distinctive charscter, although
the percentage of dark lenves was groiter and the leaves were
heavier in Lhe oul-door tobaces, Thus we must come to the
eonclusion that quality, while decidedly affected by environment,
is nevertheless greatly dependent on heredity.

The rolative value of C=1—6 i& only 86,1 although this
selection gave a yield per acre of 2,208 pounds. This seems
most casily expluined by the fact that thia selection was in
& heterogypous condition for many charncters. Tha variation
in Jead nimber per plant was very high, as is shown by Table
XY, and we know from observation that the wariation in
leafl shape amd size was also very large. Hence, though some
leaves of this selection were of high quality, the percentnpe was
very low, and a large percentage of off-colored and dark leaves
was produced, These reaults show that uniformly high quality
eannot boe expected if many characlers are in a heterozygous
sondition.

(- ariscd s o s,

The results obtained from this cross show clearly that an
external similarity of size chamoters in tobaceo varietion does
not necessnrily mean a genatic similaty, Havana and Cuban
both produced about the same average number of leaves per
plant, yet when thev were crossed together mn increased vard-
ahility ocourred in Fo. The five Fu generntion selections show
that this incrensed varinbility was perminal, two of the five Fy
selections giving a much higher leaf average than the parents,

Bimilar results have been obtained frequently in inheritance
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of gualitative characters. The genernl hasis of the Mendelian
eonception of heredity depends on the fsct that the somatic
appoarnnce of a plant is not o correct expression of its breeding
nature. Of two red-flowered plamts in the second generation
af & crom hetween white and rod-fowered roces in which com-
plate dominance is the rule, the one may bresd true for the
rid color, giving only red progeny, and the other may give bath
ted and white progeny. Advances may be disguised snd may
in crosses ns well as simple recesdves, although
advaness due to crossing are ns o rule less frequant than simple
recessives. Tn soch cases as the purple aleurone color of maize,
which depends on the presence of ut least two color {nctors
we may receive purple alesrone seods on crossing white races if
ote white race contiins one of the necessary color [actors and
the other white race contains the other, That similar results
are obisined when denling with sise charncters ond that in
both quantitative and qualitative characters il i impossiblo
to know the perminal ehurncters except by a broeding test
‘#eemns further proof of the belief that both are inherited in a
~ The results of the sorting test of the parents and third genera-
. tion crosses show that heterosygoss affects quality and that
of external characters tends to produce uniformity

of quality in the eured leaves. Some of the hybrds gave in-
oreased yiclds and good quality and look promising from &
commerein]l standpoint, It will be nocossary, however, to cons
tinue the selections in row coltures until all choracters are in a

homozygous condition or nearly so.

IxTERPRETATION OF BEESULTE.

In a previous paper (Hayes, 1912) the data obtained from the
firt and second hybrid generations of size studies of tobacoo
were given a strict Mendelian interpretation by assuming a
multiplicity of factors, each inherited independently and eapable
of adding to the charncter, the affect of the heteroeygous condition
of each factor being balf the homosygous. The data on the
third penerations and on the Halladay reported [n this paper
show no need of o change of interpretation.

In osder that the above interpretation may be justified,
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cortnin rosults must be obtained. The fimt gonerstion of a
croes between two homozygous variedes which differ in a
quantitative character, such as number of leaves per plant, must
be of intermediate value and no more variable than the parents;
the Fy generation should give an incroase in variability and, when
sufficient individuals are studied, should give a range of vari-
ability equal to the combined range of the parents. Certain
stlected Fy plants should breed troe giving no greater variability
than the parents; others should glve a variation e grest as
the F, generation, and others should give variabilities inter-
medinte between the value of the P, and F,, All of these con-
ditigns arc fulfilled in our crosses.

The exact number of factors involved In any cross is diffioult
of determination, due to the cbscuring effects of fluctuating
variahility, It might be possible to determine the number
accurately by growing the parents, the F; and P, generations
and & large number of Py penerations under us uniform environ-
mental conditions as possible. But even when only a Fmited
number of Fy penerations are grown, it {8 possible to obtain an
approximate idea of the factorial condition.

For the sake of {lustration, let us first consider ths inheritanees
of leaf number in the cross between Sumatra and Broadieaf
given in Tahle IX. In this cross the parents differ by about
siX leaves por plant, the Broadieaf producing an average of
about 20 lenves und the Sumatra an wverngoe of about 24 leaves,
The F; generation was of intermediate value and no more variable
as determined by the coelficient of vardabiity than the parents,
while the F, generation gave a range of varfability equal to the
combined runge of the parents,

Of the mine F, generations, B —1— 14 i comparatively uniform.
Only 50 varates of B—1—14 were grown at Bloomfleld, the
calculated coefficient of varability being 7.18=.46, but 131
variates of this game seloction were grown in New Haven and
a vanability coefficient of 6.44=+ .27 was obtained. Considering
the large probable errors of these determinations it seems only
fair to conclude that the coefficients of variability are really
identical snd that B=1—14 §s in & homoeygous conditlon for
leaf number. B—1-10 is also rather uniform giving a var-
ability coefficient of 7.76=.30, Of the remnining selectlons,
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four show coefficients of vardability slightly greater than in P,
cne has about the same coefficient value as Py and two are of
fntermediate variahility,

The results of this cross can be explained by suppesing that
the parental varletios are each pure for the same hasal fnctorial
formula for 20 leaves and that in addition the Sumatra has
three independently inherited factoms, each adding two leaves
when homoeygous and one when heterozygous.

Our gametic conditions for Broadleaf will be 20 aabbee and
for Sumstra 20 AABBCC, The V. formula will be 20 AaBble
or 23 leaven, and in ¥, there will be a germinal variation from
20 to 26 leaves. With these gametic formulas we should expest
one out of every eight Fs genorations to breed true. Of the nine
F, generations given in Table IX, one gave a coefficient of vari-
ability of about the same value as the parents. That the F,
generations gave different averages for leafl number may be
secny by consulting our results.

All crosses cammot be explained in as simple manner as this
one. It the case of inheritance of leaf mumber of cross {4025 405)
Havana Cuban, the conditions are apperently maore complex.
Here botly parents and ¥, gave an average of about 20 leaves
per plant and about the same coefficients of vasiabiliy. The
Py geneention was very variable, snd of the five Fy generations
grown two proved as variable ns the Py two were of inter-
medinte variability, and one showed a coefficient of variabilicy
slightly larger than the parents or i, As selections were grown
in F. which gave higher and lower leal avernges than the parents,
the varability of F, must have been germinal. As only about
180 varistes were counted nnd only five Fy generalions grown
it is hmpossible to say definitely how many factors are invalved.

If we suppose our parental formulas for leaf number to be
14 AABBCC and 14 DDEEFF, we will obtain a condition in
¥, of 14 AaBbCeDAEFf or 20 leaves, and a germinal variation
of 14 to 20 leaves in F,, While this hypothesls may not be
correct, the results can be explained by some such means.

In the inheritance of leaf shape of the cross between Havana
and Cuban, the conditions are very simple. The data from this
cross are given in Table XVI. The F, generation is shown to be
intermediate in leaf shape and in Fy there is segregation. Of
the three P, generations given in the table, all are comparatively
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uidform, two having the Hovana leaf shapo and one the Cuban
keal shape, Two other Py generstions were grown and although
no statistical results can be given we know by obeservation
that one selection had the Cuban leaf shape and the other
hod o variable feaf shaps, These reswlts can probably be ex-
plained by the use of a single factor. |

It fn not pameemed that the factordal formulas here gven are
necessarily correct, 88 the conditiong may be of a more complex
pature, but we wish to show that some such mathematical
description simplifies the breeding results in 4 manner that is
helpful in actual practice

CExEraL COXOLURIONS.

Oy results show thet the Py gonersfions of siso crosses in
tobaceo are a8 uniform a8 the parents and of an intermediate
vilue; that there s an Incresso of variability in P, and where
sufficient variates are studied. a range of variation equal to the
combined range of the parents; that certaln P, individuala
breed true in F,, and that others give variahbilities ranging in
value from the parents to that of the P, goneration.

These results can be explained in essentially the Mendelian
matmer — by the segregation of potential chursctermn in the
germ cells anid their chanse recombinstion — therefore, from
the plant breeding standpoint thore scemi good feason for
believing that guantitative characters are inherited in the
Eame mannet as qualitative charactors,

The production of fived forms which contain certain desirable
plant charactors ia not, however, o dmple problem, due to the
large number of factors in which plants of different races differ
and because a superficial resemblance does not Becessarily
mean & genctical sesemblance, [f is necessary to grow large
F. generations and to save seed from those plants which most
nearly conform to the desdred type. Progeny of thess Fy planis
showld be grown in row tests in Py and selection continued in
later penerations wuntil the desired form has been obiained.
The length of time which it takes to produce & uniform type
will depend larpely on ihe number of variates which can be
grown in F, and the number of row tests which can be grosm
in F.
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Crunlity of cured leaf is a complex character and due to many
conditions, environmental as well as inherited. There is also
the added difficulty that the quality of leal must conform to
the trade ideals. The experiments here reported indicate that
s good quality of leaf can more generally be expected in a
hytrid, if the parents sre both of high quality, than if one pasent
is a good varlety and the other somewhat lacking.

It should be realized that the production of improved cigar
wrapper types i not an easy problem and that desirable resulls
cannot be cbtained without the outlay of considerable time

and mehey,
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