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INTRODUCTION

The reduction in yield &nd cuelity of tobscco brought
about by the occurence of tobsocco mosalc dlsease 1s well
known. fuite as well known 1g the fact thaet using resistant
verlieties and streins is one of the best, 1f not the best,
meane of controlling thlg virue dlsesse, Verietles and
cstraine of Meryland tobacco have been bred for resistance to
this diseage. In Aintrodueing the resistance fsctor to the
HMeryland ty»e of tobacco, it 1s necessary that rigorous
gselection and intensive experimentation be done not only
to obtain mosalc resistant »nlants but to mailntaln the ori-
ginal tyre characteristic in the new gtraine as well,.

The Maryland type of tobecco varies from other types in
aroms, color and texture., Charscteristically different from
other tyres in ite mildnese and good burning qualities, 1t
contains & low amount of nicotine. sildnese or strength cf
& nroduct haeg most 2lwaye been assoclated with alkaloldsl
content., Wlth the deeire to maintain the characterlstic
mildneegrs and etrength of the tyrpe in the »rocesg of breeding
for reslgtance, 1t beceme necessary that eveluations for aslka-
loldal content be mede on the breeding lines,

Recent studles on vearious alkalolde assoclated with
tobaecco and related erecles suggest genetle as well as en-
vironmental imnlications., To determine the extent of varia-
tiong in aquality and gquantity of elkelolids within the Dbreed-
ing lines, analyses were made on three succesgsive generations

of the current breeding lines,



LITERATURE REVIEW

rronertiee of alkalolde found in the genue Nicotians

Alkeloide ere generally understood to mean comnlex basle
substences, occurling naturally, possessing some physiologicel
reactlion and usually derived from vyrrole, nyridine, dquinoline,
lsoquinoline, or similer cyelic nitrogenous nuclel {(51).
A number of alkelcide ere £till belng discovered and isolated
from some specles of the genus Nicotlana. DTefinitely known
to be asssoclated with Nicotlsne socording to Henry (26) are
the following:

1. Nicotoine -—-wecwee—o ~-=- CghHyqN
2., Nornicotine --wvceeee--- - Ggﬁlzﬁz
3. Nicotlne —wemeeccceee—e- 010314N2
L, Nicotimine —-wweeeea === CqoHqyNo
5. Anabasine ---ecemeeee-a - C1031&H2
6. 1Iso nicoteine —e—ewemeo -~ Cy0Hy2%,
7. Anatabine ~ceccmeccauo. - Cq0B1282
8. HNlicotyring cecceeeceac.. CqoHyoHo
9, HNicotelline wwewcecee- - Cloﬁgﬁz
10. 2:3-Dipyridyl —-------- CpoHgN,

11, N-Methyl anabasine ---- Cy1HpgNp

12, L-N-Methylanstebline --- °1lﬂ1aﬁz
Of these the two most »redominsnt salkaloids in N, tabacum
ere nilcotine and nornicotine. Henry (26) and Bonner (5)

give the structural formuls as:
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The nresence of nlcotine wae first demonetrated by Vauquelin
in 1809, Pure nicotine is & colorless oll with 2 bolling
noint at 246°C (26). It distille unchanged in & current of
steam and is readily soluble in alcohol, ether or light petro-
leum, When oxidized by Kﬁnoﬁ or AgO 1t gives l-nornicotine.
Nornicotine which wae first isolated as an alkalold from

Puboiesia hanwoodil waes later identified by Spath in 1936 as

nornicotine (51). It is a colorless liguid with a faintly
basic odor when nure and bolle at 139-1409C (26). Unon
oxidation with nitric acid it furniehes nicotinie acid. Both
elkaloids form preciplitates with silicotungstic acld.

whether tobascco and its alkelolds sre beneflcial or
harmful to men has long been and still stands as & controver-
gal lesue. “The insectlicldal walue of nicotine &nd nornicotine
(31,40) aes well &8s 1lte velue as source of nicotinic acid
(35) are widely recognized. Although nicotine is no longer
of therapeutic interest 1t ie £till employed in veterinary
medicine (26). wWerd (51) cites the claim of O'Shea that to
immature emokere nicotine »roduces & distinct detrimental
effect on mental rprocesses 2nd & conslegtent decline in intel-
lectual &bility. On mature »eonle on the other hand, 1t mey

be detrimental to some and beneficial to others., While



nicotine~-rree tobacco 1z sghunned by connoisceurs of tobacco
produects, many 4o likewlse wlth products of high nicotine
content, Garner (21) suggeste that free nicotine ig corre-
lated with flavor of tobszcco a2nd resrnonsible 1n nart at least
for the harsh and disagreeable taste. #lildness of & ~roduct
ie accounted for by 1lts low nilcotine content (23).

The bilosynthesle of the different alkaloids during »lant
growth and the changes that ocour after harveeting are not
yet fully understood., Also not definlitely established 1s the
role of alkaloids in »lants. Werd {(51) gilves three viewe on
metabolic changes that give rise to alkalolds,

1, &s nutritive materiale used by the nlant in
metabolism

2., As vrotective materisls against attecke by
nlante and animals

3. Ag end »roducts of metabolism rendered harmless
end gtored where they are not readlily ebsorbed

Viekery, r~ucher, wakeman &nd Leavenworth (50) do not regard
nicotine as an active metabollite. Frankenburg {(20) on the
other hand, »resente indicetions that the alkaloids or
their transformation nroducte influence the conversions in
the lesf; as negatlive or woritive cetalyets, ss hydrogfnh
donors and acceptorse and may have an influence in the
oxidation-reduction systems., Daweon (19) has this to say:
For instance, it mey be r»ossldble that nicotine
originates &s & by-vroduct of a2 number of irre-
versible end physlologlcally ueeless resctions,
Or 1t may be thaet 1t 1s formed from &ny one of

several ressone as a by-nroduct of chemiecal
resctions that do »lay & role in cell metzbo-



lism. Agsin, the final stevs in the synthesis

may involve resctions of use to the ¢ell; or

the finished nroduct may 1ltzelf vperticinate in

imvortent sctivities which eare not at »nresent

recognized,
In the ebsence of detectable amounts of nicotine, he found
that growth was normsl {14).

In & series of claselc exverimente by Dawson (13-18),
he hag definitely esteblished the site of nicotine, norni-
cotine and anebasine synthesls in the plant., Recinrocal
graftes of tomato and tobacco nroved conclusively that nicotine
1e synthesized in tobacco roote (14,15)., In H. glauca
however, he found that exclsed leaves a2s well as roots contain
and could saccumulate anebasine and nicotine sugzgesting thelr
vroduction in both nlsces independently (16). By way of the
xylem veeseela, nicotine synthesized in the roots 1lg trens-
norted to the lesves where 1t asccumulates (15). New growth
on tobaeco sclon efter the greft to & tomato stock weg devold
of nicotine (14). 7Tiis suggeste thet once nicotine is devo-
gilted in the lesf, 11 1ig not transloceted., “When the tobacco
leaves sre ellowed to root however, nicotine eccumulstion
eterts sgelin (13). lilcotine syntheeis in roote of intect
totaeco rlantes devends on &n adecuate supply of cerbohydrates
from the leeves (19). Frankenburg (20) belleves that nico-
tine 1¢ eynthesized in tioe root from inorganic salte. Wwhen
the leaves were detached, accumulation in these organe
gtorned ebruntly. 7“he exact na&ture of nicotine syntheslis 1s
yet to be clarified.

Nornicotine on the other hand nresents an altogether



different niocture., Daweon (17,18) believes that 1t originates
only from nicotine vie demethyletlion, The mechanism of transg-

Tformetion 1s etlll unknown but 1n H. glutlinose, the demethyl-

ation was found %o take rlsce in the leeves. Bonner (5)
suggeste the vresence of 2 methyl socentor in the leaves of
high nornicotine stresine cereble of receiving the methyl
grour of nlcotine., Of the synthesis of the other alkelolds,
very much lees ls known about them,

Genetice of the slksloide

The three predominant alkeloids nicotine, nornicotine
and snsbesine ere not neeuller to the genus Nicotiana.
Lecording to Smith end Smith (44), ansbesine hag been found

in & genus of the family Chenonodlisceze. Nlcotine was

isoleted from & srecles belonging to the family AL=zclernia-

daceae and nornlcotine from some other solanseceous nlants,
Nicotiena &g a2 rule contein »renonderent ouentitlies of one
or two £lkelolide end extremely smell emounte of the others

(20). Of the 29 wild enecier of Eicotisne exemined by

fmith and Snith (44), five anserently contsined only norni-
cotine, four only nicotine, two with mixtures of anabesine
and nicotine, gnd the resgt were mixturers of nieotine and
nornicotine, The rredominasnt alkeloids in some of the

grecice ere s follows:

gneglesg Maln alkelold Secondary 2lkelold
M. gleuca anebasine nicotine

¥, glutinosa nornicotine none

K. Iongifiore nicotine nornicotine

H. sylvegtrls nornicotine nicotine

N. tomentosea nornlcotine none



Interspecific hybrids between some of them and wilth N. teba-
cum presented an interesting and complex genetlc behavior,
The same authoreg found that genetle factors for ansbasine
formetlon are partly dominant over those controlling nico-
tine in the F, of N. tsbacum x N. glauca, rartial domlnance
of nornlcotline over nicotlne wae noted in N. glutinosa x N.

tebagum &nd N. fomentoesa x N. tabacum., They further con-

cluded that the vpredominant alkaloid now may become the
secondeary in the later generatlone and vice versa. Hesgults
obtained by some Russian investigators on intersnecific
hybride carried beyond the first generatlion are summarized by
Smith and Smith (44) as follows:

1. Sonme segregants were nroduced that contained
only one or the other of the aslkaloide involved
in the crosg, while the remalning segregante
contained mixturesz of the two in different
nrovortions.

2. A secondary alksalold that 1s present in small
amounteg in one varent may become the chilef
alkaloid in some individusls of 2 hybrid or
inbred family.

3. HNo obvlious Hendelian ratlos were obtalined in
famillies segregating for different slkelolds,
nor would they be exnected, since the inter-
specific hybrids and extra chromosomal forme
all show irregularities at melosis.

Valleau (47) vresented further evidence thet nicotine-norni-
cotine inheritance is genetically controlled. It wae nosgl-
ble then to develone strsins with high nicotine yield (43)
end low nicotine strains (24). Selective breeding now in
nrogress 1g probably changing the nredomlnance of nicotine
(32). It was noticed by Vallesu (47) end Merkwood (32)

that on samnles contelning very small cuantitles of total



alkaloids, there isg lncreesed nrobability that much of it
wlll be nornicotine,

Variations in alkaloldel content both cquantitatively
and cualitatively between tyvnes, varietiees end streains may
be attributed in rart to genetlic differences 2g influenced
by different standards of gelection for each one, In select-
ing and breeding cultivated strsine, desirable charascteris-
tice such asg vigor, sirze of the nlant, and high content of
eromatic subsetances were almed at., Followlng the develon-
ment of these features, Frankenburg (20) belleves that
grecific nroductivity for alkalolids is automatically increased.
He includes Fobineon Meryland Medium Broadleal and Cash Flue
Cured verietierg in the cstegory of mostly nornicotine to-
baccoe. According to Zscon (4), cigar tyve tobaccos generally
heve a hligher alkaloldel content than cigerette types. Chew-
ing tobsccos have higher content than smoking grades (24).
Markwood {(33) hes shown differencers between clgerette varleties
within thet type. Aglde from heritaeble variestione, other
factors contribute to guantitative Jdifferences between tynes
and between plante of the same variety or sgiraln.

Other factorg influenelng 2lkszloldel econtent

The alkaloldel content of an individusl »lant 1le con-
trolled by limitations imroceed by heredlty, environment of the
»lant, and the treatmentes snd conditions to which the ~lent,
the leaf or the oroducts are exnoged (20). ¥Wide yearly varia-
tione in nicotine content were noted by Zarner (22) and

MeMurtrey, Bowling, Brown, s&nd Engle (36). The leaf n~roduced



during the dry sesson were small, dark and dull in eolor,
high in nicotine end lecking in eleetleity. Molsture
relationeg arvesr to be the dominant fector in this reespect.
Plaente grown without irrigetion or when water wae apnlied
lete in the growling sessgon had higher nicotine content
then »lente grown under continous irrigstion., Thie
narelleled the effect on nitrogen content. Coupled with
the effects of melsture 1ig the avellsbility of nutrlients
in the socill, Studles meade by Woodemansee, Rapp and
MeHargue (52), werd (51), McMurtrey, Zacon and Ready (35§5)
end Garner (22) showed that within certasin limite, the
kind of fertilizers end the »rovortion and rates of their
ennlication cen very well vary the nicotine content of an
individuel »nlant, Related to nutrient availabllity 1is
the effect of epnacing. Wider gnecing tends to lnecrease
nicotine content within certain limite, derending unon
the variety (35). Severel investigetors have renorted
that nileotline content of iesolated leaves can be lnereased
by the anrlicetion of nicotinic acid (12) =nd »roline (30).
Very well demonstreted by many investigstors (4,35,
52) 1s the fact that ton-ing 2nd suckering tend to increase
the z2lkeloidal content of the meture crop. As & rule, the
eerlier the topnling and the lesg number of leesvesg left in
the 2lant, the higher the a2lksloildal content. Hesurtrey,
Sazcon and Heady (35) also found that late seeding se well
ag late tranenlanting dletinctly lowered the yield of

nicotine per acre from & crop of . rustica,.
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Nicotine content is known to vary not only between
the leaves, roots and stem of a nlent but also between
leaves 8t different woslitlons on & ~lant (4,22). The
latter 1s reflected by the stage of meturity of the leavee
at the time of harvest, According to Vickery et el (43,49),
the general nattern of accumulation beglne in seedlings
9=-11 deye 2fter zZerminstion. By transrlenting time,
differentlal neture of a2lkalold distributlion becomes ars-
varent, Eeginning 2t an esrly stage the rercentage of
nicotine continuee to 1ineresse regularly throughout the
growing eezeson 1in 811 narte of the »lent untlil maturity
is reached (29,42). According to Dewson (13) and Mothes
{28), 1n the zbsence of eenescent changes, the total
nlcotine content ner lesf decresses with the lncresee in
helght of the leef wosition in the stalk. Garner (5)
noted however an increaee In nicotlne content ag the leaf
got mature., PFPeyond maturity, & decrease follows, The
most rarid rate of overall nicotine accumulation mey oceur
at a time 1n the 1life of a ~lant when growth in termes of
dry weight increase has 211 but ceased (49)., The above
discuegelons wonuld gerve to exnlain in vart why some
investigatore (2,9,52) are nnt conslstent as to whilch
grour of lsevee in a single plant has the highest nicotine
content. In & gingle leef slone, Zacon (4) and Clcerone
and ¥arocchi (1C; showed thet there is an lncreasing
concentration of nicotine from c¢enter to margin and from

base to apex.
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During the curing and fermentatlon of tobacco,
Meteana (37) found that prectically sll orgenic matter
in the leaf undergoes & chenge and the complex organie
substances break down into simnler forms., HNicotine is
algo ineluded in this process and it hes been shown that
among other things, ammonis ie one of 1te breakdown nro-
duecte, This fact was further substantiated by Garner
(22). PFurthermore, Jeffrey (29) noted 2 decresse in
21lkaloldal content in samnles that have been in storage
for one yeear. e has rescson to believe that a third
elzelonld eside from nicotine and nornicotine was vresent
in the sem~leg analyzed,

Effect of tobsgcco moseie virus on tobseco

Tobecco mosale dAisease gffecte all vsrts of the
plant exeent the eeede. Allard (1) in bhis article glves
g full deserintion of symntome exnresced by the virus,
vioMurtrey (34) hae shown & marked decressge in guellty and
yield on the mossic infected cror rerticularly when the
virue hes egtabllished 1tself eesrly in the field, Silber-
gschmidt (41) found that injlection of mossic virus ralsed
the nercentese of nicotine 7ulte conslderebly. Virus
infectlon, scecording to Ellle 2nd McKinney (27), causes a
marksd ineresce in totel nlitrogen of suscentidle lines and
bybrides buot a deerease in chlornnhyll emount 3due to & low
gctivity of the enzyme chloronhyllaes, They detected no

change in reeglcstent verleties,
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Hegistance to thles disease hes heen found in seversal

enecies of lilcotiens and & South American varliety of

tobaceco, 4Lmbaleme., The latter hae rmracticelly been aban-
doned zg & source of recsirtance due Lo undesirsble fso-
tors closely linked with the reelstence factor., Breedersg

hev

o

Tooused thelr ettentlon on . glutinocsa &as & very
rromising source of recietence to tobacco moszic, Claszsle
exreriments by Clausen &nd Goodsneed (11) showed how the
resistance factor was transferred from g. glutinosa (ns=l1l2)
to N. tzbacum (n=24) by way of 2 fertile amphidiplolid

E. diglute (n=36). Further etudler by Holmes (28) confirmed
the findings of 4llard (1) and Cleausen and Goodegpeed (11)
thet & gingle dominant gene controls the necroilc tyse

responee of [, glutinose to tobacco mosaic Infection.

The orecent mosale reslstant egtrains of karylsand tobscco
owe thelr reslsetance to ¥. glutinoea.

Methodes of anelysls for alkalolis

Varlious methods for quentlitative znd qualitetive
anglyels for z2lkeloldal content are telng used on tobacco

gammwles, L better understending sbout tobaceco alkszalolds

gt vrecent hse rendered some of there metnodes obsoclete
while others hed to be lmproved uron to glve szeedy, more

accurste and recroducesable resulie, One of the less
ex-enelve methods requiring & not too compolicated asszratus
1s the one usged by Gsrner, Escon, Bowllng snd Erown (z3).

It works on the princisle that gasoline or etner extraclis
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nlcotine from plant meteriale made strongly alksllne. The
gmount lsg quantitstively determined by titrating the
excess sceld that dld not react with the nicotine in the
extract. 1In samplee conitelning other alkeloldes besldes
nlcotine, Bowen and Zarthel (7) found difficulty in
comnletely removing the glkslolds from alkelline olant
meterlial by recested extrsetion with =ther, Jeffrey (29)
found thet Gerner's method could not be tezken to give
total alkesloids or even iLhe nicotine fraction in samnhles
with mixed alksalolds. WwWhen em-loyed on tobacco high in
nicotine however, resulte are comzarsble with other more
zecurate methods,.

Steam distilletion counled with rreecinitation of the
alkalolds with slllicotungstic &scld 1s the beserls of recent
methode beling used for alkelold enelysle. Alkalolde are
steaxn voletlle and form lneoluble —2reci-itates with
gllicotungetic &cid., inils 1s the method sdopted by the
se0.h.C. (3). Eeveral modiflcetions on the nrocedure and
epparatus used were meads to reduce the slze of sample #nd
the time of distilletion., #ith thelr dilstilling & parstus,
sowen and Eerthel (8) were eble to reduce the gample slze
to two grsme &nd the distilling time to 20 minutes.
Griffith and Jeffrey (25), with thelr improved distille-
tlon epraratus assures completeness of extrection usling a
semple slze as low as V.5 gram and ae short & distilling

time &g three minutes -er samonle., I[he accurscy of steam
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distillation 1e & function of the nicotine-nornicotine
ratio and the alkalinity of the meterlal when being
dietilled (6,25). Bowen (6) recommends the use of a
strong NaOH 4 NaCl instead of & slight excess in making
the meterial alkeline, According to Griffith and
Jeffrey (25) however, that should be recognized as total
steam volatile 2lkalolds and not nicotine salone glnce
other alkelcoldes willl be present in the distillete, EBEowen
and Barthel (7) leter improved on their method. This
involved the determinatlion of totel elkalolde first, then
the nicotine fraction; the difference between the two is
congldered as nornlcotine. This 1s baged on the assump-
tion that in N. tabacum the other alkslolds 1f present are
present only in negligible amounts.

In & comparison of various methods of alkeloid
analyele, Jeffrey (29) showed that the methods, including
ultraviolet spectrosgone determination, agree qulite closely
on samples high in nicotine. In samnlees with mixed alka-
loids varticularly those high in nornicotine such ags the
Maryland Medium Broadleeaf, the resultis given by the
different methods veried guite considerebly.

Paper chromatograchy 1s one other method that can
be ueed for alkelold anslyeles, The method ag &pplied to
tobacco samnles ls s8till under development a2nd 1is far
from belng able to give a comnlete »icture as yet of the

different alkalolds nresent. Using only cured samnleg of
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Robinson Maryland Medium Brosdleaf, Teo and Jeffrey (46)
recently senarsated 24 gubstances from that eamnle by
solvent extrection and rsper ohromatogrephy. So far,
elght of these have been identified. Given below is

the alkaloidal content of the sample,

Alkalold Amount in per cent
Nornicotine 1.42
Nicotine 0.47
Anabasine 0.27
¥yosemine 0.14
Kicotinic eecid 0.08
Oxynicotine 0.05
2,3 dipyridyl 0.006
3~-z2getyl pyridine 0.003
Unknown "alksloids® 1.55

Estimeted total "alksloids® 3.99
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MATERTAIL® AND METHODS

Materlials used

The standsrd varileties of Marylasnd tobsacco are
nobineon and wWilson. The other lines used in this exper-
iment are from the breeding materials of Dr. E. E. Clayton
of the U, 8. Derartment of Agriculture. The ldentity of
the lines &re given in table 1. The factor for reselstance
to ordinary tobacco mosalc was Inherited from K. glutinoesa,
wildfire resletance from N. longiflora and roct rot
resistance from Burley. The current breeding lines are
gselectione made after seversael generations of breeding with
dlsecasge resistance as the »rimery basis for selection.
fvaluatione on thelr nerformance in the fleld was also
taken into conslderatlon.

To efford & better measure of genetic variability
on their alksloldel content, the nerformasnces of the lines
were followed for three generailons, In the 1952 nlantings
were lncluded some seedlinges of the same genersation as the
1950 erop. For thls nurpose, RWM 16 and RWH 17 were used.
Thie wee meent to serve &lso ss & meesure for seasonal
effect on alkaloldal content. Inoculations of mosalec virus
were mede on the same gtraing including Robinson to deter-
mine 1teg effect on alkaloidal ceontent,

The nlants were grown at the Unlverslty of Maryland
Tobacco Exnerimental Farm near Unrer Marlboro. The eoll,

loamy fine sand of the Monmouth seriesg, is typlcel of the
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Table 1., Identity of the gelected linee,
Line 1/ [ Number of »nlotg| Dleascrintion or
number | Breeding line 1650119511952 | kind of reeistance
1 Robinegon 3 L 3 #tandard check
2 Wilson [ - 3 2 Check
3 Md. Mo. 2 A 3 i 1 Mosalc
L RWM 16 2 4 3 |Mosaele, wildfire,
f ; . reot rot
5 RaM 17 3 3 3 Mogele, wildfire,
o root rot
6 Md. 9=-12 B 1 3 3 Mosaeic, wildfire,
' root rot
7 Md. 9=-13 & 1 L 3 ¥ogeic, wildfire,
root rot
& Md. 9-40 B 1 2 3 Mosalc
g Md., G=45 A 1] 4 2 Hosale
10 Md, 9-51 A 1 4 3 Mosalic
11 Md. $-16 E 1 3 3 Mogale, willdfire
12 Md, Mo. 0=5 - 1 2 Mosgelic
13 BRalf., 97 A 1 - L 3 Mosslc, wildfire
14 B4a1f. 97 A 2 - Ly 3 ¥ogeic, wildfire
15 B3dlf. RM Q=23 -3 z Mosaie, root rot
16 Bdlf. RM 0=-25 - & 3 |¥osalec, root rot
17 Bdlr. RWkK 0=B8 - 3 3 Moeale, wildfire,
; root rot
18 B4lf. RWM 0-10 = 3 3 Mosale, wildfire,
root rot
19 Bdlf. EwWi Q=12 - 3 3 Mosale, wlldfire,
root rot
1# Hobinson - - 3 Stenderd check
Ly RWH 16 - - 2
by RWH 16 - - 3 |(Game generation as
5% RWM 17 - - 1 the 1950 crop
5 RWM 17 - - 1

l/ Identifying numbers and lettere correspond to that of the

+

breeder. All

tobeacco.

Inooculated with the mosesle virus.

lines sre of the Meryland ty e of



18

land where & great bulk of the Maerylend tobacco 1g grown.
Plots were 15' x 36' in dimension., There were 1& vlents
to & row, 5 rowe to & nlot. Thie gave & ~lanting distance
of 36" between rows and 30" within the row.

Hainfall data obtained from records at the experi-
mental farm ere presgented in table 2,

Cultural overations

Except for the inoculations made on some ~lote, all
the ~lots received identical treatments. Fertlllization wae
done at the rate of 1000 »ounds of 4-8-12 ner acre. Other
cultural rrocedures as well 28 curlng and grading were
~erformed eocording to the best practices followed for
growing Meryland type of tobaoco in that region. The dates

of the varlious operations sare given below,

Cperation 1950 1951 19582
Transslanting June 2l-22 June 13-19 June 20-30
Fertilization (Before or at transplanting time)
Tooping Sent. 9 Aug. 20 Sept. 20-25
Harvesting Sent. 25-29 Sent, 1 Sept. 30
Stripping &nd

grading Degember Lacember December

Preparatlon of the gam-les

ATter the sir-cured leavesg were ctri-ned from the

stalks &nd graded, rendom camnleg were vulled from eech
grade of each nlot. The samnleg were gtemmed, ground in a
60" mesh Wiley mill and stored in seeled tln contsinersa,
The moisture content of eszch ground ssmnle was determlined
by oven drying & grem esmrle for 2 houre at 100°C. The

rer cent molsgture was calculated from the loss in weight



Table 2. Biweekly reinfall at the Tobacco Experlmental
Farm, Merlboro, Maryland during the three
summer periods, in inches.

" Periode ; 1950 T~ 19 51 . 1932
June 1-14 ¢ 1.54 ¢ 4,88 t .81
June 1528 ' .65 ' 1.02 ' 1.20
June 29-July 13 ' 2,68 L 1.05 ' 3.17
July 14=27 ! 3. 54 ! 1.59 ! .49
July 28-aug, 10 ¢ .60 ¢ 2.68 ' 2.40
Aug. ll-24 } 2,28 ! .B2 ' 2.35
Ang. 25‘-53th 7 ¢ .92 ¢ 1.9? ' b’.32
Sept., B8-Z1 P 6.39 ' .63 1t .43
Sept. 22-30 fo1.10 ! .00 ! .B8
Totsl : 19,70 : 14,64 : 16.05
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after drying. &£lkaloidsl ocontant nresented in this paper
are all on dry welght basele,

For eomparisgon of a2lkeloldal content between cured and
green sammnleg, 2 -lants from & »lot of the Hoblnson strain
end 2 zlante from 2 »lot of line 8 were picked. With lesf
number 1 &¢ the lowest leafl 1n 8 gtanding plant, leaf
number 1 &nd every third leef thereof were »Dlcked right
after harvest and analyzed for slkeloldel content. The
rest, still on the stalk, were allowed to oure in the barn,
Since one leaf would not be sufficlent for alkaloldsl and
molsture analyeis, leaves 1 and I were grouped together ee
well as 7 & 10, 13 & 16, and 19 & 22, Likewlee in the
cured leavee, 2 & 3, 5 & 6, 8 &9, 11 & 12, 14 & 15, 17 &
18, end 20 & 21 were analyzed in grouns of two. For com-
perigon, groune 2 & 3, € & 6, 14 & 15, end 20 & 21 in the
cured leaveg were meant to corresgspond arproximately to
groucse 1 & 4, 7 & 10, 13 & 16, and 19 & 22 respectively
in the green semples.

Methods of analyslg

Becausge of the easy eaccessibllity aznd inexnensiveness
of chemicale and equloment used in the gasolline extraction
method for nicotine determineation, 1t was tried on the
1950 eror. TFhis method ieg fully described by Garner,
Bsoon, Bowling and Brown (23). In thle experiment however,
netroleun etrer was used instead of gasolline. Hespults

obteined by this method did not warrant its use in the
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next two genersatlons.

The other method used on cured samples wes develooved
by RBowen end Earthel (7). It wae modified for use in
Griffith and Jeffrey's (25) imrroved distillation a mara-
tue. {(%ee flg. 1). 4n electricel heater wes ilnstslled
around esech &still to prevent frothin: and excescive
condenseatlion of steam in the distillaetion chamber. The
gsteam tra- ls connected to 2 suction flagk by 2 carillary
tube., Thlis setun not only prevents weter condensed from
gteem from entering the distillation chember but serves
2lego rg 8 sefety velve Tor excesglve steam vressure, #ith
& steam nresceure of about 3.5 mounds ver sgcuasre inch, the
average rate of distillation wes 3 minutee ver samvle,
The dietillete volume wes a&bout 180 cec. The method con-
glste egeentlally of two narts: the snalyesig for totzl
slkalolids and the analyele for nicotine. The nornlicotine
conetituent is the difference between the two. The nroce-
dure used waeg a2s follows:

Apnroximately & grem semple in & measurling
groon wee introduced into a dietilling chamber
efter 0.5 grams of NeCl had been introduced.
Perticles of the sam:le sticking on the guoon
were washed into the dletlillation c¢hamber., Two
cublec centimetere of 30 per cent NeCH were added
into the chamber. The chamber was closed with a
rubter ctoooer and the stoocock orened to start
the distillation. The distlllate was recelived
in a beaker conteining 3 cc of HCL (1 to 4).

ATter 180 cc of the distillate were collected,

an &doitlonal 10 ¢¢ portion was tested with a

dron of 12 per cent slllicotungstie ecid for

comnletenegs of distilletion. The distillate

ras then broupght to 200 ce volume, half of which
wag to be tested for total alkaloids and the



Fig.

1.

Steam distillation apparatus for
tobacco alkaloid determinations

22



23

other half for the nicotine nortion.

The alkalolde in the firet 100 cc nortion
were nrecipltated by the addition of 2 cc of
12 »er cent sgllicotungestic acld and »lsced on
g hot =nlete till the precisitete zettled, It
wag then cocled to room temnersiure, vested with
e drop of the acid for completeness of mreciplta-
tion, &nd rlaced in & refrigerator 2t 700 over-
night, The ~recinitate wee filtered the next
dey through & tared medium noroslity “elae
cruclible; dilute HCY (1 to 2000) wes used Iin
meking the trensfer znd wvacring the »recinitefe
free from eilicotungstic acld. 7Thre vreciritate
warg ignited Iin 2 muffle furncce =t 65098 for
one hour. After having cooled to room temrera-
ture in 2 desglicator, the crucible wes welghed
end the welght of oxide A determined. .

The other 100 ecc roritlon wasg evanorated to
about 5 cc volume on a hot plate. after cooling
to room temrerature, 0.5 grams of ¥WaXd; end 2 ce
of 30 ner cent CH3C00K were added to nitrosify
the rnornicotine 0 thet 1t would not 4dlstill over
with the nicotlne., The mixture was steam distllied
ageain but instead of useling HaOH, =2 grem of gl
wee iIntroduced into the chamber to make the
distillend Just elightly alksline. The gtensg
following thie were identical to the stepne followed
in the first 100 e¢g rortion., The oxlde obtalned
here weg decslgnated as oxlde 3.

Dxide 2 multiplied by the factor 2.1140
gives helfl of the nicotine »ortion of the egam-le,
The difference between oxlde 4 and oxide B
renresente nMalf of the nornicotine zortion when
nultinlied by the factor 00,1042, The —er cent
total steenm volatlle 2lkelolds 1es the sum of the
nicotine snd nornicotine content in -er cent.

Zince this method utilizes the nltrosification of nornicotine
&3 the only basis for separatlon between nicotlne and
nornicotine, 1t follows that of the other steam volatile

and silicotungstic acld precinltable =lkaloide, those

that could be nitrosified would be 1ncluded as part of the
nornicotine frection whille the rest would fall under the

nicotine zortion.
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On green samplee, determlnations followed the gene-
ral procedure emnloyed in steam distilling cured or
ground semples, The difference lleg in the “reraration
of the samnle for distillation, For fresh samples, the
»rocedure wae as follows:

A 30 gram welght of fresh green leaf

sample and 150 cec of acetone were mixed in

& waring blendor for 5 minutes. After

filtraticn, the extract was brought to

250 cc volume with acetone. (At this point,

the extract may be stored in a refrigerator

for as long & period ae two weeks,) The

extract volume was reduced to 50 cc by

vacuum distillation. An aliquot portion of

10 ¢c was taken and »leced in 8 beaker,

Two drons of concentrated H2S50L were added.

The acetone waes evanorated off on a hot

nlate, From here on, the »rocedure fol-

lowed that of dry samples.

In both methods of analysie, dunlicates were run on
each sam»le. Another set was run in cases when dunli-
cates dld not eheck e¢losely enough. The average of the
two determinations was taken as the final figure for
each sgamnle. The »er cent alkalolds for each »lot were
computed as welghted averages, taking into conslderation
the prorortlion of grades in eech individual »lot. In the
ceee of the ground semplee, the smount introduced into
the distillation chamber wee accursastely i?ermined by
difference ueing en anslyticsl balance.

The 2lkelold contente of the 1650 crop were obtalned
from = previous unpubliskred worik {(53) of the author of

of thies naper.
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EXPERIMENTAL RESULTS

The four leaf grades are "Farmer'e grades® and not
standard merket gradees for Maryland tobacco. In the
nrocess of strioving the cured leavee from the stalk,
the l=zaves are sorted into these four gradee., The
basal leaves of a standing etalk constltute the seconds,
the next few leaves are graded as brighte, then the
next few are celled dull brights and the unrermost
leaves &sre designated es dulls. To obtain then more
accurate and representative values for individual =—lots
in thelr alksloldel content, the distribution of the
cured leaf welghts in the leaf grades had to be taken
into conslderatlon.

Proportion of the different leafl gradee in the lines.

Pregented in tables 3a, 3b &nd 3¢ are the distribution
of the cured leaf welghte in the leaf grades of each line
for ezch year., The figures for each 1line are averages of
thelr corresronding number of »nlots or reslicates, In
easch of the three years, differences between gradee were
found to be highly significant. However, the trend of
dietribution wae not coneletent between the three yecars
(see 1..%.D, values in tables 32, 3b 2nd 3¢). In the 1950
crop, almost half of the cured leaves were greded as
brighte; the dulle made up the smalleset vortion. The
1951 cror rresented an even distribution more or lese,

In the third oropr year, the bulk of the cured leaves
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Table 3a. Dietribution of cured 1leaf weights in the lesf
grades of the lineg grown in 1950,

L Leaf gredes ! Acre
Lineg ! Secondes ! Eright !Dull bright! Dull ! yield
%ﬁer cent iger cent i per cent ;mer centi pounds
1 ! 22,7 ! 41,6 ! 2)..9 ! 13.8 ! 916
3 1 26.8 ! 35.6 ! 23.3 ! 1hk,6 ! 1050
i ! 19.1 ! 42.9 J 21. 4 16,6 ! 1148
] ! 17.8 ! 1.1 ! 20.6 ! 10.5 ! 1001
& ! 15,8 ! 5.6 !} 20.9 !} o17.7 Y 1039
7 ! 1.4 2 L£3,9 : 28.8 ! o1z2,9 !} 1072
8 ! 15.7 ' 51.7 H 21. 4 Y12 ! 979
9 ! 14,7 ' 53,8 ! 21.0 ! lo.5 ! 983
10 !} 15.3 ! Lo,z Y 19.9 Y 15,6 Y 1013
11 ! 23.3 ! 47,8 ! 18.7 ! 10.2 ! 1059
AV, 18,53 46, 32 21.79 13.36 1026

* .- 0 s
L
Swn * e
s

Sew
San o

The leest significant difference between gradeg at 5%
level: 3.617



Teble 3b., Diegtribution of cured leaf weights in the leaf
gredes of the linee grown in 1951.

Leaf grades T Acre
Seconds . Bright -Dull bright! Dull ! yleld
‘per cent

amie un ¢ o

_Linesg

——

! ‘per cent % per cent %ner centgnoundg

1 ! 23.7 Y 24,0 ! 25. 4 ! 26,9 ! 741
2 ! 23,8 ! 33,1 ! 16.3 ¢ 23.8 !' 1215
3 ! 20.9 ! 28.9 ! 21.4 ! 28,8 ! 871
L ' 22,6 ' 28.9 ! 19.9 ! 28,6 ' 1148
5 ! 20,0 ! 28,0 ! 23.6 o284 ) 1192
6 [ 18.1 & 33.5 K] 21.7 Y 26,7 ) 1018
7 ! 15.9 !} 35.9 ! 25.0 ! 23,2 Y 1060
8 ' 232.1 ' 22.9 ! 28.0 t 26,0 ! 922
9 ! 27.0 V' 23.6 ! 22,0 !o27.4 8 825
10 ! 21.6 ' 37.4 ! 22.1 ! 18.9 ¢ 8ug
11 ! 25.8 ! 27.8 ! 23.1 ! 23.3 ! 932
12 ! 23.0 ' 30.5 ! 23.3 ! 23.2 ' 1loos
13 ' 22.1 ! 32.8 H 17. 't 27.6 'Y 1035
14 ! 18.7 ! 36.8 ! 19. 4 ¢ 25,1 Y 1129
15 t 22,8 v 26,7 ! 20.2 ! 30.3 ! 1144
16 ! 24,1 Y 30.7 ! 20,8 Yoo2L.4 ) 1146
1 ! 20,4 v 27.8 ! 19.3 ' 3z.85 ' 1228
1 ! 21.6 ' 28,0 ! 21.8 vo28,6 'Y 1110
19 ! 23.8 ' 30.9 ! 19.6 vo25.7 Y 113
Av. 5 22.05 i 29.91 g 21.76 5 26,28 ' 1037

The leaet silgnificant difference between grades et 5%
level: 2.079



Teble 3c. Distribution of cured leef welghte in the leaf
grades of the lines grown in 1952.

Leaf grades

1
nes ! Seconds ! Bright
Ener cent iger cent ! ; ner gent
1 ! 20.2 ! 25.7 ! 30.4
2 1 22.6 ! 29.8 ! 24,6
3 ! 16,7 ! 5.2 ! L5.8
i ! 20.2 + 19.9 ! 23.8
5 !'27.3 ! 15.9 ! 24,7
6 Yo17.5 1.4 ! 25.8
7 ! 20.0 'o28.0 ! 21,4
8 ' 26,2 ! 18.3 ! 25.8
9 V27.5 24,7 ! 21.9
10 ! 25.8 !' 30.4 ! 1.9
11 ! 22.8 !o13.1 ! 26.3
12 Yo2z2.1 ! 3205 ! 22.0
13 vo22.8 Y 23.2 ! 25.8
14 ! 25,7 ! 13.3 ! 27.6
15 ! 16.8 ! 35.7 ! 22.6
16 't 23.8 ! 22.9 ! 30,4
17 !19.9 ! 15,1 ! 24,1
18 24,1 !17.4 ! 20.1
1¢ v 22.8 ! 32.1 H 23.9
s 25,78

Av. V22,36 )Y 22,14

*
] 1

}
.

Acre

‘per cent.nounga

San AU Oun Oy P G S VW DB B P Cap PR S D P B PRI WM BE OO A S

23.7
23.0
32.3
36.1
32.1
39.3
30.6
26.7
23.9
23.9
37.8
23,4
28,2
33.4
24,9
22.9
40.9
38.4
21.2

£9.72

(L AL RA BRI BX BL A NI S8 AL R AR A A XX RE N X2 AR B2 2

1285
660
818
866
826
917
893

1082

1055
877

1046

1045

1179

1093

1072
850
817

1047

966

'Du;; briggt; tull ! yield

The least glgnificant difference between

level: 3.972

grades at 5%
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ghifted to the grades conetlituting the urrer lesves. The
inconsisetencles exieted not only between yesrs but also
between lines and between renllicates. The differences
however, were not elgnificant. A great variabllity
between the renlicates in their trend of dlstribution

wag noted. Although each line showed & characteristic
trend, dlfferences between the lines were not significant
due to wide varlebllitlies between the replicates, Se-
veral factors are involved in the resulting verisbilitiee
in trend emong which are genetic, environmental (soll and
climete), cultural and human factors. The effect or
contribution of each factor to the varliations in trend
gre discussed later,

Petroleum ether extractlon versus steam distillation.

The ether extraction method for quantitative snalysis
of nicotine was wildely used during the pacst few years,
Although it has largely been renlaced by betier methode,
1t 1e £t1171 being usged 1in routine analyesis. Leveral
inveetigators (7,29) have shown the 1naccurscy of the
ether extraction method certicularly on tobacco with
mixed s2lkeloide. It wes found gulie satisfactory on
gamnles with high nicotine content. Table 4a gives a
comnarlison between thie method of anaslyseie 2nd the modi-
fied steam distillation »nrocess as nronosged by Bowen and
Rarthel (7). On Maryland tobzeco, it wee found in this

exveriment that the ether extraction method gave velues
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that represented nelither the nicotline, the nornicotine
nor the total alkelold content of the semple, Agsuming
that &1) the nicotine was lneluded in the ether extrac-
tion method, about 60 ner cent of the nornicotine vortion
wee included too. Thie wae in sccordence with Jeffrey's
(29) etatement thst en-roximetely half of the nornicotine
12 included in the ether extrsotion method. For &lkalold
enelyels in this exreriment then, furtrer use of this
method on the succeeding generetioneg wag deemed unneces-
s8Iy,

Alkaloidal eontent in the cured lesaves,

Tebles Lo, 4b #nd Lc ehow the elkslolidel content of
the individual nlots of the lines grown in 1950, 1951
and 1952 resnectively. It would be noticed that the
nicotine, nornicotine and total aslksloide 314 not vary
as much between replicates &8s 1t did between the llnes
wlithin the years. Hlghly significant differences were
obtained between lines within the year in their total
alkaloide (see L,3.D, values in teblees La, Lb and Le).
Lines 1 (etandard check), %4, 5, 8 and 9 were the low total
elkaloid containing linees during the first year while
1ineg 3, 6, 7, 10 &nd 11 had relatively high contents.
This wae true 2lso for the sgecond and third years. In
teble 4d is summerized the everage total alkselolds of
eech line for the three years, of each line with all

thréee yeare teken se 2 whole end of the three years
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Table 4e. Alkaloidsl content of the cured lesves from
plots of linee grown in 1950 using two methods
of anelysls, exrressed as per cent of the dry

welght,
! "Nicotine! 'Nornicotine
! Plot 'by ether' Steam distillation ' 4in ether
Linesg'number'extrac- ! TNornico-"' ' extrac-
' ! tion 'Micotine! tine ! Total ' tion *
' ‘ver gent'per cent'ner cent'per cent' per cent
1] ] ¥ ) [ 1]

1Y 15 v 887 ' .390 ' 1.021 ' 1.411 ' 4B.68
' 30 v 1,297 Y . 76L ' B6L ' 1.62B ' 61.69
' 80 ' 1,047 ' .359 ' 1,105 ' 1.464 ' 62,26
' Av. ' 1,077 0 L30h v L9097 v 1,501 ' 57,5k
t [} [ ] [} ]

3 Y 10 ' 2,061 ' 1,680 ' .514 ' 2,194 ' 74,12
vo22 v 2,813 Y 2,096 ' 3593 v 2,689 ' 70,32
71 ' 2,583 ' 2,414 0 332 ' 2,746 ' 50.90
: Av, : 2.386 ¢ 2,063 ! . 4BO : 2. 543 : 65,11

1 1]

L v o224 v 2140 v 1.880 ! L2 v 2,304 v 61,32
t g7 v 2,167 ' 1.841 ¢ LUl v 2,288 v 72,93
: Av. : 2.154 : 1.861 : 435 : 2.295 : 67.13

&V 17 v 1.733 v 1.640 .388 v 2,028 v 22,97
' 100 ' 1,126 ! 945 ! L3564 v 1,309 'V A9, 73
' 108 ' 1,842 ' 1,497 1 JU68 ' 1,965 v 73,72
! Av. V1,867 v 1,361 ¢ L6 vV 1,767 : 49,11
! [ ] ] [ ] [}

6 : 119 : 2.325 : 2.008 : . 522 : 2. 530 : Lb1.57

7 ; 120 : 2. 499 : 2.117 ; .622 : 2.739 : 51,41

8 : 126 ; 1.001 : trace : 1.676 : 1.676 : 59.73

9 : 73 : 1.830 : . 860 : 1.398 : 2.258 : 5¢. 38

10 ! 74 : 3.114 ; 2.51z2 : .837 ; 3. 349 : 71.92
1 7 2.612 ;2175 ) . 6Uh , 2.819 ¢ 67.86

#*# Aepsumed thet all the nicotine is inecluded in the ether
extraction method.

The leset egignificant differences betiween the lines on total
alkeloide at 5% level:

lLinee with three replicates « 539
Lines with two replicates . 660
Lines with one repnlicate . 934
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Teble 4b. Alkaloidal content of cured leavese from nlots
of 1ines grown in 1951, exprecssed as per cent
cf the dry weilght.

™ Plot ! Steam distiliastion
Lines ! number ! Nicotine ) Nornicotine' Total

v \ mer gent | ner gent | ner gent

ST SRR S SR
I 179 ! 983 1,162
! 86 ! a2z ! <945 ¢ 1.367
' Av., ! .20 : 817 : 1.058
1 1

2 ' 7 2.045 ¢ Y ' Z. 521
! bo ! 1.147 ! . 384 ! 1.531
¢ 67 1,647 ! . 408 ' 2.055
'oAv. ! .63 ! -h23 2.036
]

3 h 16 1.533 ! . 327 ! 1.860
! bz ¢ 1.124 ! «353 ! 1. 477
! 65 ¢ 1.500 ! . 4oL ! 1.904
: Av, : 1.407 : . 37h : 1.781

b ! H ! 1.022 ! .181 ! 1.203
! s .913 ! .253 ! 1.166
! 104 ¢ . 847 ! .255 ' 1.102
' 61 ' l. 1}86 ' - 371‘“ ' lo 860
: Av. : 1.067 : . 266 : 1.333

5 ! 12 ¢ 1.071 ! - 354 ' 1.4258
' 36 ! 1,440 ' 16 ! 1.856
! 75 ! 1.380 ! <295 ¢ 1.675
: Av. : 1.297 : . 355 : 1.652

6 ! 1 2.815 ' . 600 ' 3.515
' 4l ! 2.058 .637 2.695
! go ! 1.753 ! .600 ! 2.353
' Av, ! 2,209 : 612 : z.821
1 f

7 8 ! 1.862 1 . 398 ' 2. 260
‘33 ¢ 2,037 686t 2,719
¢ CLI 1.590 ¢ L34 ¢ 2.02h
¢+ 102 ! 1.797 ! .585 ! 2.383
' hw, ! 1.821 ! .52 ! 2,347
§ 1 L

8 ! 38 ¢ .165 ! 1.023 ! 1.188
! 69 ! .136 ' 1.137 ! 1.273
! bv., ! <151 ! 1.080 b 1.231
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Table 4b, Alkaloldsl content of cured lesves from plots
of 1lines grown in 1951, exprescsed as per cent
of the dry weight. (Contt!'d)

¥ Plot '_ Steem distillation
Lineg ' number ' Nicotine ' Nornicotine'! Totael
: : per cent : per cent : per cent
9 ! 2z ! .098 ! « 555 ! .653

' 60 ! <140 ! .618 ' .758
' 66 ! <377 ! . 665 ¢ 1.042
! 95 ! . 094 ! RYE ! . 570
: AV, : 177 : <579 : . 756

10 ¢ 25 1 1.658 ¢ L4238 2,081
¢ 35 ¢ 1,248 ! Ch64 ! 1.712
¢ gg 1.536 ! . 530 ' 2.066
' 106 ! 1.576 ! .588 ! 2.164
: Av, ! 1.505 : . 501 : 2.006

]

11 ! 6 ¢ 2.700 ' .696 ! 3.396
! 37 ¢ 1.667 ! . 362 ! 2.029
! YOI 1.564 ' . 500 ¢ 2.364
: AV, : 2.077 : . 519 : 2.596

12 ! 20 ! 1.329 ! YAl ! 1.750
' 34 1.334 ! .602 ! 1.936
! 83 ! 1.506 ' . 543 ! 2.049
' 101 ! 1.350 ¢ .534 1.885
' AV, : 1.380 : .525 i 1.905
] L]

13 ! 3 .966 ! .343 ! 1.311
' L ¢ 1.273 ¢ . 584 ! 1.857
' 8o ! 1.403 ! .539 ¢ 1.942
' 98 ¢ 1.057 s 458 ! 1.515%
' Av. : 1.175 : h482 : 1.657
|}

14 8 ¢ 1.012 ¢ .380 ¢ 1.392
} 43 ! -969 ' Lbz2g ! 1.398
' 63 ! 1.360 ' . 576 ' 1.966
y 96 ! 1.139 ! .516 ! 1.655
: Av, : 1.128 : Ju75 : 1.603

15 ! 13 1.773 ! .3u6t 2.119
! by ¥ 2.342 ! . 510 ! 2.852
vo6h ' 2,547 727 Y 3,274
! v, ! 2.221 ! . 527 ' 2,748
[ 1 L] ¢

16 ! 28 ¢ 1.476 ! L34 ' 1.910
t 52 ¢ 2.251 ! .82 v 3.093
' 70 ! 1.781 ¢ .506 ! 2.287
' 99 ¢ 1.538 ' . 596 ! 2.134
' Av, ! 1.762 ! L5944 2.356



Table 4b, Alkeloidal content of cured leaves from nlots

of lines grown in 1951, expresded se ner cent

of the dry weight. (Cont'd)
T Plot 1 Steam  distillstion
Linee ' number ' Nicotine ' Nornicotine' Total

' v Zﬁs&a& " ner cent : ner cent
] 1

17 ! 5 ! .879 ! . 266 ' 1.145
' 48 817 .227 ! 1.044
' 87 .981 ! .336 ! 1.317
v Av, ! .892 : 277 : 1,169
[ ] 1

18 ! 30 .Bgs 1 .179 ' 1.064
! 53 1.267 ! 419 ' 1.686
! 71 ¢ 1.361 ! <421 ' 1.782
: Av. : 1.171 : . 340 : 1.511

19 ! 26 ¢! 1.316 ! .232 ' 1.548
' 58 1.096 ' .310 ' 1.406
¢ 84 1.061 ' .265 ! 1.326
' Av, : 1.158 : . 269 : 1.427
t

The leaet significant differences between the lines on
total alkaloide at 5% level:

Lines with four replicates L L67
Lines with three replicates . 539
Lines with two replicstes .660
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Table 4¢. Alkaloidal content of cured leasvee from pnlote
of linee grown 1in 1952, sxpressed as ver cent
of the dry welght.

Steam distillstion

[] [}
Lines ' number ' nNilgotine ' Nornicotine'! Total
| ' ner cent : ser cent : per cent
] ] —— m——
1. ' 13 ' 0152 ' 0568 ' .720
' 112 ¢ .0L7 ' Lus2 ' . 499
o113 ! .031 ! 458 . 489
: Av. : 077 : L4973 : . 570
2 ! 12 ¢ 1.636 ! 430 ! 2.066
' 46 1.331 ' Lhs2 ! 1.783
' Ay, ! 1. L84 : I 1.925%
] ]
3 : 64 : .847 : 317 : 1.164
Lo 65 ¢ .856 ' .123 ' .979
' 99 ! .912 ' 211 ' 1.123
' 106 ! .607 ' C147 ! . 754
: Av, : .792 : . 160 : .952
5 69 ¢ 924 ' .247 ! 1.171
: 101 : .633 : .%gh : .Zgz
113 1.183 . 281 : 1.
' Av, : .917 : . 210 : 1.127
[ ]
6 ! 7c ¢ 1.152 ' .368 ' 1.520
: 102 : 1.170 : .328 : 1.;28
112 1.505 . 260 1.765
: Av, : 1.276 : .335 : 1.611
7 68 ¢ 1.122 ' .309 ' 1.431
A A B R i 114
vl .823 ! . 365 ; 1.188
g 79 ! .021 ' .515 ¢ . 536
' 100 ! .031 ' . 738 ' . 769
' 107 ¢ .obko ! . 767 ' .807
: Av, : .032 : .673 : .705
g ! 58 ! .180 ' . 530 ' . 710
' g8 ! .01l ! Lkl ' .55
' Av. : .096 : L L87 : . 583
]
10 ! 62 ! 1.867 ' .610 ! 2.477
t 103 ¢ 1.679 ' . 296 ' 1.975
¢ 111 ¢! 1.321 ' 272 ' 1.603
! Av, ! 1.626 ' <393 ' 2.019



Table Le. Alkaloldeal content of cured leaves from nlots
of lines grown in 1952, expreseed as per cent
of the dry welilght., (Conttd)

Vonlot 8 Bteam dlstilletlon
Linee ! number ' Micotine ' Nornicotine'! Totel

' ' per cent ' per cent ' oper gent
[} [} [}

11 8o ¢ 1.453 ' « 537 ' 1.990
' 104 1.227 ' . 378 \ 1.6058
! 110 ¢ 1.531 ' . 301 ! 1.872
: Av, ' 1.40L ' LH419 ' 1.823

t 1 L]

12 ! g5 ! 1.048 1 361 1.409
' 109 ! 1.310 ! .198 1.508
' Av, 3 1.179 : . 280 : 1.459
[ ]

13 ! b 1.387 ! . 381 ¢ 1.768
! 51 ! 1.351 ’ JA11 ' 1.762
! ic8 ¢ . 770 ' . 260 ' 1.030
: AV, : 1.169 : . 351 : 1.520

is ! 2 1.585 ' . 250 ! 1.835
' sh 0 1.264 ' . 383 ' 1.647
' 96 ¢ 1.002 q . 301 ! 1.303
: AV, : 1.284 : . 311 : 1.595%

15 ¢ 3 ¢ 1.847 ' .615 ' 2. 462
! 67 ¢ 1.091 ¢ .129 ' 1.220
: Av, : 1.469 : .372 : i.841

16 ! 5 1.460 ' . 237 ' 1.697
! Bg ! l1.322 ' L3342 ' 1.664
' 111 ! . 8858 ' . 310 ! 1.195
: AV, : 1.222 : .296 : 1.518

i7 ¢ g ¢ 1.126 ! .175 ' 1.301
' 31 ¢ . 778 ' . 208 ' .986
' 83 ! . 326 ' 173 ! ko9
: Av, : . 743 : .185 : .928

18 ¢ 10 ! .834 ' . 238 ' 1.072
' 52 .682 s . 234 ' .916
' Av, ! .695 ! 194 ! . B89
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Teble 4e¢., Alkaloidsl content of cured leaves from plots
of lines grown in 1952, expressed ee per cent

of the dry weight. (Contt'd)

T Plot ! “Bteem  dlstillation _
Lineg ' number ' HNieotine ' Nornicotine! Total
19 ¢ g ! . B84 ' .195 ' 1.079
' 56 ! 871 ' .218 ' 1.089
' 8 ¢ . 292 ' L1171 ' 163
' Av. : .682 : .1958 : .877
L]

The least significant differences between the linee on
total elkalolids at 5% level:

Lines with three replicates . 53¢
Lineg with two replicates . 660
Lines with one replicate .934
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Teble 44, Summary tasble on totel slkalolds of the linesg,
expressed as per cent of the dry weight,

! 12950 ! 1951 ! 19582 ! Averspe
L;ggg%ger gent: :?er gggg%, d :?er cent: * :Per gent: #

1 ' 1.501 ¢ 3 ' 1.058 ¢ 4 ¢ .570 Y 3 v 1.044 v 10
2 ! - Vvt 2036t 3 1,925 ' 2V 1,991 ¢ 5
3 0V 2,843 ¢ 3 v 1,781 ' 4 v 1,164t 1 ' 1,989 8
h v 2,296 ' 2 ' 1.3353 ' 4 952 v 3 v 1.,k20' 9
5 v 1,767 ' 3 ' 1,652 ' 3t 1,127 ' 3 ' 1.516 ' 9
6 ' 2,830 1 ' 2821 ¢ 3¢ 1,611 ¢ 33 v 2 261 ¢ 7
7 v 2,739 ' 1t 2,347 ¢ 4 v 1,188 ' 3V 1,961 ' B
8 ¢t 1,676 0' 1 ' 1,231 ' 2 L7058 v 3t . 042" 6
9 ! 2.238 LI R .756 ¢ 4t .583 1+ 2 .921 ¢ 7
10 Y 3.3k % 1Y 2,006"' 4 ' 2,019 ' 3 ' 2,178 8
11 ' 2,819 ' 1t 2,566 ' 3t 1,823t 3t 2 296! 7
12 ! - VoV 1,905 Y 4V Y 4G ¥V 20V 3 756 6
13 ¢ - v 657V LV 1 500 8 30 ] 598 ¢ 7
1k - v v 7,603 'Y 4 v 21,8985+ 3 U 3 855G 7
15 ! -— b L pPk8 Y 3V 2 8B4 Y 20 2 383 5
16 ¢ -t ot 2386 v Lt 31.8518 ¢ 3V 3,997 ¢ 7
17 ¢ ' LV 3,169 ' 3 .028 v+ 3 v 1,049 6
18 ¢ - v - 1,511 Y 308 889 ¢+ 3¢+ 1,200 ¢ 6
19 ! - vt 7 h27 v 3 877 v 31 3,182 ¢ 6
Toteal! -t 37 -— 1 66 - ' 51 - ' 134

1 ] ] 3 ] [ t [}
Av. ' 2,200 Y == b 1 781 VY oo b 1 269 ' -— v -

] t ] ¥ ] 1 ]

“Humber of replicates

The least rflgnificant differences between the lines on the
average total alkelolds z% 5% level:

Liines
Lines
iines
I.ines
IL.ines
Iines

with
with
with
with
wlth
with

ten re~licstes . 296
nine renlicetes . 308
eight rerllicstes . 330
seven revlicetes .252
six replicates . 382
Tfive replicates L4177

The leacst significant differences between the years on the
eversge tote) eslkslolds 2%t 5% level:

Iines with 66 renlicates 117
IAnee wlth 51 renllicates .131
Linee wlth 17 revlicates 227
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coneldering 11 lines, Comrnzratively sneaking, the high
elkaleld contalning lines and the low alkaloid containing
lines retained thelir respeetive 2lkslold yielding prover-
ty. The totsl a2lkalold differences between the lines
were found to be highly significent, (See L,%.D. velues
in teble 4d.) ihe alkslold contents of the 19 linees are
grevhicelly rersresented in flgures 2 and 3. It can be
observed that the two standerd Maryland verletiee (lines
1 and 2) were sgignificantly different from each other in
alkaloidal content both qualitetively and cguantitatively,
In tota2l alkslolds, lines 8, 9, 17, 18 and 19 resembled
line 1. «uslitatlvaly however, only lines B and ©
clogely reeembled line 1 while a11 the rest of the lines
ned & high ocro»ortion of nicotine to totel elkaloids
gimiler to line 2.

Conelderling all the rlots in each yeer, righly sig-
nificent differences were obteined between the totsal
elkalold averages of the three @rowing geesoneg {see L.S.D.
values in teble 4d}, The 1930 season nroduced tobacco
mueh higher in alkelold content than the other two
years; cron year 1952 oroduced the lowesgt. To remove
genetic varlabllity as & contributing factor to yearly
veriations, —lants of the same generatlon were grown in
1950 and 1952. The resulis are precsented in table 5,
Although the analysls of »ooled variance showed only a
glgniflicance at 30 per cent level, 1t can be ceen that in

both lines, thelr 1950 cron had consistently higher totel
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Teble 5. 4Alkeloidel content of ~lants from the ssme gene-
retion grown a2t different eessone, expressed as
ner cent of the dry welght.

! ' ! Stesm distillstion _ 'Provortion of
Line '8sagont' rlot ! '"Nornico-' ' nicotine to
! ‘number 'Nicotine' tine ' ‘otal ! total
: : :Der cent:per cent:u@r cent' wer cent
| ]
L % 1950 ¢ 246 v 1,880 ¢ Jhuzh 2.304 ¢ 81. 60
' ! 67 ' 1.841 Sl v z,2B8 ¢ Bo. 46
; ' Av., ' 1.861 ' 435 ' 2,206 ' B1,03
[ ] [} 1 ' 1]
‘1952 ! 7' 1.885 ' ,216 ' 2,101 ' 89.72
' ' 48 v 1,714 L2223 ' 1.937 ¢ 88,49
' ' 77 vV 1.4z ¢ .178 * 1,670 ! 59, 34
' 'oAv. ! 1.697 : . 206 ; 1.903 ' 89.18
5 t 31950 ! 17 Y 1.640 J388 v 2,028 80,87
$ ' 100 ! 945 ¥ .364 V31,3035 1 72.10
' o108 v 1,497 0 B8 v 1,965 0 76,18
: : Av, : 1.361 : <407 : 1. 768 : 76.08
' 19582 ! 19 ¢ 1.080 ! L2856 ' 1,336 ! 80.84
¢ ' 47 * 1,067 ! 227 ' 1l.294 82,46
' ' oAy, Y 1,074 ¢ o251 Y 1,315 ! 81.65
SN S i R, i S i DI d e i S,
1} ]
: 1952 ! -- | l.b4u8 0 L220 ) 1.668 ' 86.17

Significant differesnce at 30% level only between average
total 2lkaloidse of the two years,

Significant difference at 24 level between average o“ronor-
tion of nlcotine to total alkealoide of the two years,
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elkelolids then thelir 1982 crone, The low "{" vslue umay
be eccounted for by the wide varlebility emong the
varlates.

To determine whether there i eny relatlion betwson
Yield &nd total eal%xselolde, & correletion test was ran on
rlote of line 1. Ae shown 1in tabl= 6, o correlation
coefficlent of -.23 wae the result, Although not signi-
ficant, there geem to be s sllicht indication thzt & high
cured leaf ylelding »lasnt wonld tend to heve low total
&lkelold content and vice versa,

Provortion of nicotine to totlel elkeslolds.

The v»roportion »of nlcotine to totel 21kelolds for
each mlot are ghown in teble 7. Veriasblllitler could be
obeerved between renlicates within the lines in each of
the three yesrs., Comnering between linss within cach
yesr, the "F# value obtalned wes highly eigniflcant,
Considering 211 three years, the differences between lines
were highly significant too. Figure 3 if¢ e grevhic
renpresentetion of the averayge nrorortion of nicotine to
total slkaloide for esch l1ine, In thie resnect, the
nineteen lines may be grouzed into two. One grour would
coneiet of the mostly nornicotine lineg under which
would f£&211 1ines 1, B and 9, 7The rect of the other lines
would constitute the grour with nicotine 28 the »re-
dominant 2lkeloid. ‘his grourlng could be an~iled to any
of the three yeeares indicating & strong derendence of the

linee uwon genetlec congtitution in this resvect,



Teble 6. The relation between yleld, total alkalolds
and vroprortion of nicotine to totel alksloids
in line 1, total slkalolde exnrecssed as psr
cent of the dry welght.

T ¥ ¥ Fronortion of |

Year ' Plot ! Total ! nlcotine to ' Acre
' number ' slkalolde ! totel ! yield
: : per cent : ner gent : noundsg

1950 ¢ 15 ¢ 1.411 ¢ 27.64 ' 950
' 30 ! 1.628 ¢ 46,93 ' 976
' 80 1.464 0 2k, 52 J B23
[ ] ] [ ] [ ]

1952 ¢ 10 ! .990 ! 32,42 ' 747
' 50 ! 713 ! 5.89 v 778
' 77 1,162 ! 15.41 ' 740
: 36 : 1,367 : 30.87 : 605

1952 ! i3 ! .720 ! 21.11 ' 808
¢ 11z ¢ Lu9g9 g, 42 t 1122
: 113 : . 489 : 6. 34 : 908

Correlation between total alkslolds and yleld:

gorrelsation between total alkelolides sand »rormortion of
nlicotine to total

r

r

- .23

+ .82

alkeloids:

Correlstion between yleld and »ronortion ¢f nicotine
to total elkasloids:

r

- olL"



Proportion of nicotine to totel a&lkaloids.

Table 7.
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Frovortion of nicotine to total alksloids. (Cont'd)

Table 7.
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Table 7. Proportlion of nicotine to total alksloide.

(Conttd)

‘Repli-'’ Crop year N } Total
Lines ‘cates ' 1950 ' 1951 ' 1037 ! Aversge'replicatesg

: :ner eent:ger cent:per gent:ger cent:

17 ¢+ 1 ' 76,77 ¢ 86,55 ¢ '

ooz ' 78,26 ! 78.98 X '

y 3 ' o7?h.g v 65,33 ¢ !

'AV. ' - : 76051 ¢ 76.93 ' ?6.72 : 6

] i ] [ ]

18 ¢ i v 83,18 v 77.80 ¢ '

{ 2 i t 75.15 ' 74.L£,5 1 '

N 3 vo76.37 v 83,78 '

: Av, : - : 78.23 : 78.68 : 78. 46 : 6

19 ' 1 ¢ ' 85,01 ¢ 81.93 ! '

' 2 ! vOF7.95 v 79.98 ¢ !

' 3 ! ' B0.02 v 63,07 ¢ :

' Av, ) - v 80.99 v 7h,9g v 77,99 6
————— i S P 5 P SN, R, S e
Total ' ! ' ! '

replicates : 17 : 66 : g1 ¢ - : 134
) H
Aversge : 63. 59 : 68,09 : 67.52 : - : -—

The least slignificant differences between lineg within the
year snd between yesrs wlthin the line at 5% level:

Lines or years with four replicates 8.79
Lineg or years with three rerlicates 10,15
Lines or yeare with two replicates 12.43
Lines or years with one replicate 17.58

The leest significant differences between lines considering
211 three yeare 2t 5% level:

Lines with ten replicates 5.56
Lines with nine replicates 5.86
Lines with eight replicates 6.21
Lines with seven renlicates 6.64
Lines with elx renlicates 7.18
Lines wlth five replicates 7.86

The leasgt signiflicant differences between yearg considering
2ll linee st 5% level:

Year with 66 renlicates 2.16
Year with 51 repllicates 2. 46
Yesr with 17 replicates L,26
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Yearly differences were found to be signifilcent at
5 ver cent level not only betwesn yesre within the line
but a2lzo between years dlsregarding line differences
(see L.S. U, values in table 7). Line 1 exhliblted the
greatest yearly variaztion. It showed & deereasing pro-
nortion 1n the succeeding generations., On the whole, the
1950 se&ason »roduced e cron contazining 2 lower ratlo of
nicotine to total &lkslolds then the 1951 or 1952 crop
geasone, Af an indlcation of yearly veriation devoid of
genetic comnlicstions, an analyeis of »nHooled varliance was
made on nlante of the same generation grown in 1950 &nd
1952. A "g® velue slignificent 2t 2 ner cent level wae
obtained indlceting that the 1952 seasgon effected & sig-
nificant increese in the nicotine-nornicotine retio over
the 1%50 eesson.

s» correlation test between total elkelolids and pro-
nortlon of nicotine to total alkaloide in line 1 geve =2
highly significant correletlon coefficlent of .82 as
ghown in table 6. his meesns thet ~lents with high total
2lxzlold content tend to heve higher nicotine-nornicotine
ratio than »lante of the geme generation with low total
alkelold content., 4 neretlve correlatinn though not
significant wae found between the ratio and yleld. This
eeemed logicel due to the feet that = negative correletion
between yleld and totel 2lksloids ~1lue 2 nositive correls-

tion between ratlio =nd totel a2lkselnide would reesunlt in a
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negatlive correlstion between ratio and yleld,

Dlietribution of s2lkelolds in the leefl gredes.

Remembering the reletlve noeltlions of the leaf grades

in & »lant, one mey observe in tebles Ba, 8b 2nd B¢ a
certaln trend of distributlon common to most of the lines
in eech of the three yesre, It ap—eerg that for total
alkalolde as well zg nicotline 2nd nornicotine, there was
an increeeling concentratlion from the basal leavesg towards
the middle leaver, From the nmlddle to the urper leavesg,
a decreasing concentration was oresented in & m2jority of
the lilnee, 7The deviatlions from the so-called genersl
Trend, nowever, were not comaon to the ssme lineg el
different years., Thie may im)ly that thers wers no
genetlie differences betwesn theee lines &8 regerds thelr
trend of alkalold distributlon in the leaf grades, the
differences exleting only as differentlel reswonses to
verying environm2ntsl fsctors and cultural »racitlices.
Figure 4% 1llustrates the inconsletencles in trend of three
lines grown during the three successlve years.
Visrega-ding line varlaztions and comrasring the
avervge Strend of each year, yeerly dlfferencee are
noticeable, The 1951 and 1932 sessone ~roduced cromng
with trends conforming to the generel trend of alkalold
distribution in the lesf grades., The seconds »f the 1951
cro> had the higheet concentreation of total elkeloids

wnlle the Aull bright of the 1932 crow had 1t. On the
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Table 8a., Distribution of alkaleids in the leaf grades

of the 1950 crop, content exnressed as nerpr
cent of the dry weight.

' - ’ “team distillation
Lines ' Grades ' HNicotine ' Nornicotine Total

| ' per cent ! per cent : Der eent
[ ] t 1

) s ' e 352 ' . 796 ' 1.148
' B ! . 543 ! 1.107 ' 1.650
! DB ' <39 ' 1.061 ! 1. 500
: D : . 728 : . 732 : 1.460

3 & ' 1.759 ! . 480 ' 2.239
BE SRR AT R

I} * o - °

' D : 2.225 : L4785 : 2. 700
]

L £ ' 1.474 ' L4173 ' 1.947
' B : 2.252 : .izg : 2.525
' DB 1. o« 49 Z2.180
: D : 1. 746 : . 370 : 2,116

5 1) ' 1.2858 ' . 409 ' 1,694
' B ! 1.51¢C ' . 406 ' 1.916
! DB ' 1.252 ' A5 ' 1.704
: D : 1.C24 : . 306 : 1. 330

6 1t 8 ' 1.674 ' .383 ' .05
¢ B ¢ 2.356 ' . 46h ' 2,820
' DB ' 1.681 ' LU23 ' 2.104
: D : 1,798 : .913 : . 711

7 ! 2 ! 1.799 ! <577 ' 2.376
' B ' 2.104 ' . 581 ' 24595
! DB ! 2.289 ! . 707 ' 2.996
: L] : 2.435% : .623 : 3.058

g S ’ trace ' 1.313 ' 1.313
Cooe v ese v e 0 1ied

. rece . .

' D ! trace ¢ 1.230 : 1.230
] i ]

9 8 d . 234 ' .Bo4L ' 1.038
! B ¢ 1.170 ! 1.193 ' 2.363
! DB ! . 550 ! 1.939 ! 2. 489
! D : . 766 ' 2.205 : 2.971
] [ ]

0 ! S ! 1.999 ! .624 ! 2.623

- ' 2,665 ¢ .967 ! 3.632
! D ! 2.651 ' 913 ! 3.574
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Teble 8a. Distribution of alkaloide in the leaf grades

of the 1950 orop, content exvreeszed as ver
cent of the Jdry welght.

Steam distillation

[] []
Lineg ! Qggdeg* ! Nlcotine ' Nornicotine ' Total
: : per centg : ner gent : ner ocen
11 ! 8 ' 1.588 ' . 508 \ 2.096
' B ' 2.1458 ¥ .65k ' 2.799
t DB ' 2,666 ! 737 ¢ 3.403
' Iy ¢ 2.757 ! . 734 ' 3.491
....... U SR S W
Av, ! 3 ' 1.2156 ! .637 ' 1.853
! B t 1.676 ' .818 ' 2. 494
' DB ' 1l.508 ' . 8473 ! 2.352
! D ! 1.614 ! .850 ! 2.464
[ ] 1 ] 1
* 8 -~ Seconds
B - 3Bright
DB - Dull bright
D - Dull

The least slgnificant difference for average totel
elkaloids between grades at 5% level: . 310
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Teble 8b. Distribution of alksloids in the leaf grades

of the 1951 crop, content exvreesed gg per
cent of the dry welght.

L Steam distillation

[
_Lineg ' Gradeg® ' Nicotine ' Nornlcotine ' _ Totel

: : ner cent : per cent : per cent

1 8 ' .170 .993 ! 1.163
! B ' .326 .917 ¢ 1.243
I SR 07 SR
[] 1) ‘ ] * [} )

2 ¢ S : 1.601 ! .382 ! 1.983
' B ! 1.755 ! . kLo ! 2.195
: DB : 1. 586 : . 469 : 2.055
! D ! 1.479 ! b0l ! 1.880

3 g ' 1.061 ! .383 1. hkh
' B ' 1.508 ¢ Ly 1.956
' DB ' 1,544 1 .38¢ ! 1.933
: D \ 1.1436 : .385 ! 1.821

b S : 1.03% ! .Zéz : %.goe

B 09 .2 . 20

‘ pB ' 1.153 ! 312 ' 1.k6s
' D ; 1.090 ! .284 ! 1.37%

R BT BRI A
* DB '  1.383 L3s 0 1818

]

6 + s ' 2337 ! 597 ' 2.93k
' B ' 2,231 .723 2.954
' DB ' 2,236 ! .602 ! 2.838
; D : 2,037 | -b93 ! 2.530

7 S ' 1.657 ! 71 2.128
' B ' 1.819 ! .502 ¢ 2.321
S 4: S TS > ST -
i ' * ' - '

ST SR B ot S R -
' DB k2 1.088 ' 1.230
' D ' .2k0 ! 915 ! 1.165
] [ ]

9 ! S ' 246 ! L0 986
' B ' .168 .630 ! . 798
' DB ¢ 141 ! hsg . 600
' D ' .167 ! . 489 ! .656
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Table 8b. Distribution of alkalolds in the leaf grades
of the 1951 crop, content expreseed as per
cent of the dry welght. (Cont'd)

! ! , Steam distillation
Lines ' Grades ® '" Nicotine Nornicotine ' Tot

T " "per cent T per cent ' per cent
] | ] ] t

10 1t S ' 1.416 ' <410 ' 1.826
' B ' l1.516 ! 517 ! 2.033
¢ B ! 1.617 ‘ . 587 ! 2.204
¢ D : 1.465 ; 470 : 1.935
]

11 ¢ 38 ' 1.662 ' 401 ' 2.063
' B ' 2.150 ' . Shiy ' 2.694
' DB ! 2,336 ' . 574 ! 2.910
: D : 2.22%7 : « 593 : 2.820

12 ¢ 8 ! 1,211 ' <451 ' 1.662
¢ B ' 1.371 ! . 571 ' 1.942
' DB ' 1.516 ! <513 ' 2.029
1

13 ! s ' 1.015 ! .393 ! 1.408
' B ' 1,111 ' 476 ' 1,587
' DB ' 1,208 ' . 511 ' 1.719
' D ! 1.325 ! . 524 : 1. 849
]

14 & ' . 829 ' . 336 ' 1.165
' B ' 1,176 ' . 577 ! 1.753
! B ' 1.168 ' 57 ' 1.625
: D : 1.160 : Jh55 : 1.615

15 ! 8 ' 2.073 ' . 527 ! 2.600
' B ' 2,359 ' .658 ! 3.017
' DB ' 2,367 ' . 50 ! 2.817
' D ' 2.122 ' 461 : 2.583
] [ ] [}

16 ! 8 ' 1.617 ! L5857 ) 2.174
! B ' 1.794 ! .670 ' 2.464
't DB ' 1.994 ! .682 ! 2,676
¢ D : 1.671 : L4885 : 2.156
]

17 ¢ 8 ' .808 ¢ .256 ! 1.062
' B : 772 ! .305 1.077
' DB ' 1.098 ! .362 ! 1.460
' D ' 922 ! 219 ! 1.141
[ ] (]

18 ¢ 8 ' « 999 ! . 287 ' 1.286
' B ' 1.166 ' . 312 ' 1.478
' DB ' 1.276 ! .335 ! 1.611
' ¥ ' 1.181 ' Lok t 1.585
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Table 8b, Distribution of alkaslolds in the leaf grades
of the 1951 c¢rop, content expressed o8 ner
cent of the dry weight. (Cont'd)

Steam distlllation

Gradee*

¥ T
Lines ' ! Nicotine ' Nornicotine ! Totsl
: : per cent : per oent : per cent
19 ! 8 ! .96 ! .215 ! 1.161
i B ! 1.146 ' . 299 ' 1. 845
! jvic) ' 1,261 : .292 ! 1,553
_______ A e e e e
Av, ! 8 ¢ 1.154 ' L83 ' 1.637
' B ' 1.304 ' o Shly ! 1,848
' LB ! 1.377 ' . 518 ' 1.895%
: D : 1.298 : . L68 ' 1.767
1
* 8 - Seconds
B - Bright
DB - Dull bright
D - Dull

The least slgnificant difference for average total
alkaloide between grsdes at 5% level: .106



Table 8e¢.

Distribution of alkselolides 1n the leaf grades
of the 1952 crop, content exnressed ag per

cent of the 4dry welght.

T L) i
Lineg ! Gggﬂgg* ‘" Nicotine ' Nornicotine ! Total

! ' per cent ' per gcent ' per cent
! ] 1 L

s 8 ! LO47 ! .708 ! . 755
' B ! 160 ! .531 . 691
! DB ! . 096 ' . 410 ' . 506
: D : .055 : . 327 : .382

2 8 ! 1.680 ' .506 ¢ 2.186
! B ! 1.655 ! .b50 ' 2.1058
' DB ! 1.356 ¢ 434 1.790
: D : 1.194 : . 357 : 1.551

3 S ! .B42 ' .383 1.22
! B ' 1.020 ! .256 ! 1.47
' DB ! 941 .323 ! 1,264
: D : . 686 : .252 : .938

y 8 ! .727 ¢ Jluy .871
' B ' .892 ! .185 ! 1.077
' DB ' .826 ! .19 1.021
: D ; . 688 : .139 : .827

5 1 8 ' .924 ¢ .160 ! 1.084
! B ! .892 ! 214 1.106
* DB ' .958 ! .278 ! 1.236
: D : .928 : . 206 : 1.134

6 ! 8 ’ 1,342 ! . 319 ! 1.661
' B ! l.494 ¢ . 360 ' 1.854
' DB ' 1.317 ! .353 ! 1.670
: D : 1.136 : .321 : 1.457

7 ! 8 ! .845 ! .397 ! 1.242
' B : .888 ! 52 ! 1.340
! DB i .B803 ! . 333 ! 1.136
' D : . 763 : . 292 : 1.055
1]
' B i .016 ! 676 ! .692
' DB ' 031 ! . 510 ¢ . 541
' D ' .060 ! . 605 : .665
t ]

9 ! 8 ' .120 ! .504 ! . 624
¢ B ! 166 ! . 569 ! . 735
* DB ' .016 ! .hog ¢ . 514



Table 8c., Distribution of alkalolds 1in the leaf grades
of the 1952 cropr, content expressed as per
cent of the dry weilght. (Cont'd)

) % ! Steam dilstillation
_Lines ' Grades ' Nicotine ! Nornicotine !  Total _

: : per cent : per cent : per cent

10 ¢ 8 ' 1.698 ¢ Jhsh ! 2.152
' B ' 1.836 ! .393 ¢ 2.229
' DB ' 1,504 ¢ Jho1 ! 1.945
: D : 1.320 : . 328 : 1.648

11 ! 8 ! 1.129 ! . 328 ! 1.457
! B ! 1.361 ! .20? ! 1,768
‘DB ' 1.539 60 1.999

12 ¢ g ! 1.082 ! .333 ¢ 1.kl
! B ! l.452 ! .276 ! 1.72
' DB ' 1.121 ! .234 1.355
: D : 942 : .280 : 1.222

13 ! £ ! 1.126 ! 3 ¢ 1.457
' B ' 1.223 ¢ 346 1. 569
t DB ! 1.048 ! .327 ! 1.375
' D : 1.224 : .338 : 1.562
L]

i 8 ' 1.143 ! .190 ! 1.333
! B ' 1.458 ' 266 ! l1.724
' DB ! 1.360 ! <340 ! 1.700
' D : 1.148 : . 369 : 1.517
)

15 ! 8 ¢ 1.629 ' « 254 ' 1.883
! B ! 1.620 ' <425 ! 2.045
' DB ! 1.471 ! .387 ¢ 1.858
: D X 1.097 | .333 ; 1.430

16 8 ' 1.273 ! .361 1.634
' B ¢ 1.268 ' 273 ! 1. 541
! DB ! 1,210 ! 304 ! 1.514
! D ! 1.187 ! .282 ! 1.k69
t L) 1 L]

17 ! g ¢ .650 ! .202 ! .852
' B ! NI .163 ! -939
t DB ! .626 ! 152 ! .778
' D ! .823 ! .201 : 1.024
] ¥ J

18 ! 8 ! .764 .217 .981
' B ! L66h ! $199 ! .863
' DB : .637 .200 ! .837
! D ! .696 ! 77 ! .873



Teble 8c¢. Distribution of aslkalolide In the lesf grades
of the 1952 cron, content exsresged 2 per
cent of the dry weight. (Cont'd)

' P Steam digtillaetion
Lineg ! Gredes ' Nlcotine ' Nornlcotine ! Total
: : per cent : per cent : per cent
19 ¢ 8 ! « 700 ¢ . 201 ' .901
' B ' .788 ! 204 1 .992
' DB ' . 608 ! .183 ! . 791
! b ' . 641 ' .183 ' . 824
e e e e o e e o e dr S ——— L
Av, 8 ' «933 ! . 355 ' 1.287
' B ' 1.033 ! 360 ¢ 1.393
' DR ' .921 ' .333 ! 1.254
: D : .851 : . 308 : 1.160
* 3 . Seconds
B - Bright
DB - Dull bright
D - Dnll

The least signiflocant difference for average total
alkaloldes between grades at 5% level: .094



Teble 84. Summary tasble for total =21kslold distribution
in the leafl gradeg of the lines, three year
date comblined, expressed ae ver cent of the

dry welight,
v Leaf _ grades e
dnes ' Seeonde ' EBright ! Dull bright' Dull

: ner cent : ner cent : er gent : per gent

1 ' 1.022 ! 1.195 ¢ 1.003 ¢ .911
2 ! 2.085 ! 2.150 ! 1.923 ! 1,716
3 ' 1.636 ! 2.027 ! 1.937 ! 1.820
L ! 1.373 ¢ 1.621 ! 1.555 ! 1.439
5 ! 1.396 ! 1.576 ! 1.586 ¢ 1.361
6 ' 2,227 ! 2.543 ! 2.204 ¢ 2.233
7 ! 1.915 ! 2.085 ! 2.198 ! 2,193
8 ' 1.132 ¢ l.29¢ ! i.087 ! 1.020
9 ! .583 ¢ l.19% ! l.201 ! 1.370
ic ! 2.200 ! 2,631 ! 2.391 ! 2.386
11 ' 1«. 8?2 ' 2. L“EO ' 2‘ ??1 ' 2. 761
1z ! 1.539 ! 1.835 ! 1.692 ¢ 1.584
13 ! 1.433 ! 1.578 ! 1.547 ! 1.706
14 1.24g ¢ 1.739 ¢! 1.663 ! 1.566
15 ' 2.282 ¢ 2,521 ! 2.338 1 2.007
16 ' 1.904 ! 2,003 ! 2.095 ! 1.813
17 .957 ! 1.008 ¢ 1.119 ! 1.083
18 ! 1,134 ¢ i.176 ! 1.224 ¢ 1.229
13 : 1.031 : 1.219 : 1.172 : i.182
Av, : 1. 540 : 1.780 : 1.721 : 1.652

The lesst significant difference between gredes 8%t 5% level
congidering 211 lines: .092

Not significent between grades within the line.
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other hand, the 195C cro» n»resentaed a slightly different
trend. An increaeing trend showed un but the difference

weg not significant ae indiceted by the L.E.D, velue in

table s, Yearly differencee mey be sttributed to e
combinstion of environmental varlations, varlatinone 1in

farm oracticee (olanting, %o wing, hervesting, curing &nd
grading) and sampling.

Proportion of nicotine to total alkalolds in the le=f grades.

The trend in the “esf gredes tended to foliow the seme
general trend taken by the 1ndividusl a2lkalolids in the
individual lines for each yezr whilch were 1llustrated
in the »receding tablee and figure., The differsnce ll=s
in trelr dulle. It may be egeen in tables 9a and 9b thaet
the »rorortion of nicotine to total alkslnids incresesed
in the dulls., Thie narticular characiteristic was found
glgnificent in the 1351 crop. 7The esame lg true for the
overall grade average {egee 1L..3,5, velues in tebles 92 and
9b). Ton-ing, more than anything else, msy have brought
about the increased concentration of nlcotine in the
up-er lszavesg, vifferences between the gredes wlthin the
cron years 19350 and 1952 were not signiflcant but they
showed e&lso the same chnerscteristic trend., Thie 1s due
probebly to e wide veriation in the varistes. This may
aleo sccount for differences between #rades within the
line being ineignificent.

Behevior of alkelolds 1n the leavee of 1ndividusl
plante as affected by drying and curing.




Table 9a. Proportion of nicotlne to total alkaloids
in the leaf grades,.
" Grop ' Leaf _ gredes
Lines! year ' Seconds ' Eright 'Dull bright' Dull

: , Der cent | per gent ' per cent | ner gent

1 v 150 ¢t 30.66 ! 32.91 ! 29.27 ! Lo, B6
voo1gy 14,62 ¢ 26,23 23.33 28.17
voigp 8 6.23 ' 23.15 ! 18.97 ' 1k.4o
'oAv. 177 0 27,43 ! 23.52 ' 30.81

2 ' Y51 v Bo,7h ' 79.95 77.18 ' 78,67
v ¥z2 ¢ 76,85 ' 78,62 ! 75.75 ' 76.98
' Av, : 78.80 : 79.29 ¢ 76,47 : 77.83
] 1

3 v 50 ¢ 78.56 ! 83.53 ¢ 80.45 ¢ 82.41
'otsp ! 73.48 ¢ 77.10 ! 79.88 ! 78.86
' tgp 1 68.73 ! 69.11 ! 7h. 45 73.13
: Av, : 73.59 : 76. 58 : 78.26 : 78.13

L v 155 75.71 ¢ 83.51 ¢ 77.34 ! 82.51
v oizy 8 83.41 ! 77.54 ! 78.70 ! 79.33
1 tgp ¢ 83.47 82,82 80,90 ! 83.19
: Av, : 80.86 : 81.29 : 78.98 : 81.68

5 v 150 ¢ 75.86 ! 78.81 ! 73.53 ! 76.99
' o5y v 75,37 ' 79,55 ¢ 76.07 ' 81,84
t igp 85,24 80.65 ¢ 77.51 ¢ 81.83
' Av, : 78.82 : 70.67 ! 75.70 : 80.22
[} 1

6 ' 'so ' 81.38 ' 83.55 ! 79.90 ' 66.32
¢ 53 v 79,65 Y 75,52 ! 78.79 ' 80.351
' 52 v 80,79 ' 80.58 ! 78.86 Y 77.97
' Av, : 80.61 : 79.88 79.18 : 74.93
{ [ ]

7 v 450 ¢ 75.72 ¢ 77.61 76.40 ! 79.63
1otsy 77.87 ¢ 76.37 77.34 8 76.39
' otgp 68,04 66,27 ! 70,69 72.32
: iv. 1 73.88 : Th, 08 : 74,81 : 76,11

g v 50 1 0,00 ! G.00 8 0,00 ! 0.00
v g 9.06 ! B.,63 1! 11.54 ¢ 20.60
' tgp e 27 2.7y ! 5.73 ¢ 9.02
: Av. : 3.11 : 3.75 : 5.76 : .87

g ¢t igp 1 22,84 " 4o, 52 ! 2z.10 ! 25.78
v 52 v 19,23 ! 22.59 8 3.11 Y 15,32
vosy, 8 Jz.24% 8 21.05 1 16,24 1V 22.19
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Teble 98. Prorortion of nicotine to total slkelolide
in the leaf grades. (Cont'd)

' Crop

Leaef grades
Lines! yeesr

Seconde ' Eripght 'Dull bright
per gent : per cent ' per gent

[}

] []

] [] []

] [] $ t
10 ' 50 76,21 ! 73.38 79.56 ! {L
LY. > B 77.55 ! 74.87 73.37 75.71
votg2 78.90 ¢ 82.37 79.38 80.10
: Av, : 77.55 : 76.77 : 77 4 : 76.75
11 ' 50 75.76 ! 76.63 ! 78.34 ! 78.97
to1gy 8 80.56 °* 79.80 ! 80.27 ! 78.97
voigz 77. ' 76.98 ! 76.99 ! 76. 74
: Av. : 77.9 : 77.80 : 78.53 : 78.23
12 ' 151 ¢ 72.86 ! 70.60 ! 7h,.72 ! 72.05
to1ge 76 .47 84,03 82.73 ! 77.09
: Av, : 74,67 : 77.32 : 78.73 : 4. 57
13 ¢+ 151 72,09 ! 69.94 70.27 71.66
to182 1 77.28 77.95 ! 76.22 ! 78. 36
; Av, : 74,69 : 73.95 : 73.25 : 75.01
18 ' 1sy 8 71.16 ¢ 67.08 ! 71.88 71.83
votg2 85.7 ! 84,57 ! 80,00 ! 75,68
: Av. : 78. 4 : 75.83 : 75.94 : 73.76
15 ¢ 51 ! 79.73 ! 78.19 ! 8L,03 ! 82.15
to1g2 1t B6.51 ! 79.22 ¢ 79.17 ! 76.71
: Av, : 83.12 : 78.71 : 81.60 : 79. 473
16 ' 151 ¢ 74,38 72.81 ! 74,51 77.50
't o152 77.91 ! 82.28 ¢ 79.92 ! 80. 80
: Av, : 76.15 : 77.55 : 77.22 : 79.15
17 v 151 ¢ 76,08 71.68 ¢ 75.21 80.81
t g2t 76.29 g8z2.64 Bo. 46 80,37
: Av, : 76.19 : 77.16 : 77.84 : 80. 59
18 ' 51 ¢ 77.68 ¢ 78,89 ! 79.21 ¢ 7L, 51
¢ tgp 77.88 ¢ 76.94 ¢ 76.11 ! 79.73
: Av, : 77.78 : 77.92 : 77.66 : 77.12
19 * 151 81.48 ¢ 79,31 ! 81.20 82.99
vovs2 0 77.69 ' 79 Ly 76.86 ' 77.79
i Av. ; 79. 59 ; 79.38 ; 79.03 l 80. 39

- . - —— e - s con . o T W G . . -~ -t S — G S S WD G A . o S ———— — - - o e
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Table 9a., Proportion of nicotine to total alkaloids
in the lesf gredes. (Cont'd)

""Croo '____ _Leaf grades
L1a55425524 ! Beconds ' Bright 'Dull bright? Dull
' : per cent : per cent : per gent . per cent
Av,® ' 150 *  sg.24 ' 63,95 ! 59.71 ' 61.69
t 15y ! 67.51 ! 66,66 ! 67.95 ! 69.37
: 152 : 67.42 : 69.08 : 67.04 : 67.76
®

Ten replicates for the 1950 averages and nineteen
replicetes for the 1951 and 1952 averages.

The leest significant difference between grades within
the year 1951 at 5% level: 1.541

Not significant between grades within the years 1950
and 1952,
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Teble 9b. Summery table on vroportion of nicotine to
total elkaloldds in the leaf gradeg, three
year dsta combined,

' Leaf gredes
' ! Brig Dull bright! Puill

, ger een§ ) per cgent : per cent : per gent

1 ¢ 17.17 ¢ 27.43 23.52 ¢ 30.81
2 ! 78,80 ! 79.29 ¢ 76,47 77.83
3 ¢ 73.5 ¢ 76,58 78,26 ! 78.13
L 80.86 ! 81,29 ! 78.98 ¢ 81,68
g 78.82 ! 79.67 ¢ 75.70 ¢ 80.22
6 ! 80.61 ! 79.88 ¢ 79.18 ¢ 7h.93
7 73.88 ! 74,08 74.81 ! 76.11
g ! 3.1 ¢ 3.75 ! 3. 76 ! 9.87
g ! 22.24 1 31.05 ¢ 16. 24 ¢ 22.16G
10 ! 77.55 ° 76.77 ¢! L 76.75
11 ¢ 77.94 ?77.80 ¢ 78.83 ¢ 78.23
12 ¢ 7L, 67 77.32 ! 76.73 74,57
1z ¢ 7h.69 ¢ 73.95 ! 73.25 75.01
1y 78. 46 ! 75.83 75.94 ¢ 73.76
i ¢ 83,12 ¢ 78. 71 ! 8i.60 ! 79.L3
16 76.15 ! 77.55 ! 77.22 ! 79.15
17 ! 76.19 ! 77.16 ! 77.84 ¢V 80. 59
18 ¢ 77.78 77.92 77.66 77.12
19 : 79.59 : 79.38 : 79.03 : 80. 39
Av, : 67.64 : 68,71 : 67.69 : 68, 78

Lezst slignificent difference between grades at
5% level.: 1.064

Not szignificant between grades within the line.
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To obtain a better trend of distribution of alkslolds
In & plent &nd to find out the sffectes of drying end curing
on the alkzlolds, lesves were sicked frowm individusal
nlante et certeln stagee and anelyzed. The leaves were
80 plcked out such that comrerisons between the green
leaves, leaves dried st 100°¢ for three houre and cured
leaves would be wossible, The resulbts arse wresented in
tables 10s, 10b, 10¢ and 104 and graphlically represented
in figuree 5, 6, 7 and 8. It 1s obvious tnat drying
decldedly reduced the nlcovine content, total elkeloid
content and to & certain extent the nornicoitliane portion.,
Thrig wee true for ell four vlents. Curing alec reduced
greatly tne total alkeloids end tihe nlcotine portion but
the nornicotine coacentration wae more or less malntained.
fhe pecullar behavior of nornlcotine coupled with the

decresase in nlcotlne and totel algalolide suggests strong-

1y the fact thei certaln trzasiormetions of alkalolds are

«Q

effected by drying and curing.
Jotal wlxelolis In lhe green and cused l:aves rom

both slents of line 1 dia not show any &nooywn vrend a8

gaen in filgure 5. Line & presiinuvew & aucih gwoother

trend of &lkaloid disdribution. Lixcepl 1n cursd leaves,
the line graons show Vil i nlcouvine trends ilolliowea
cloe=ly the totsl =likaelola trsnds jaeving the same paluera,
the two %Srendes are wlilier ajert ev the lower leaves &nd

tend o intersect at the us.er lsaves, tnls may mean that
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Table 108, vletribution of s2lkslolde in the lesves
of »lant A from line 1, exnpressed as
ver gent of the dry welght.

1 i Steam distillstion iProrortion

' Leaf ¢ Nornlco-1! 'of nicotine
Condlition 'number 'Nicotine' tine ' Total 'to totel

: :per ggnt:ngg gent;qer gen%: ner cent
Green Pol- 4 v 1,039 Y 1,453 v gz Lgz 41.7

' 7-10 ' 1.767 ' 1,188 ' 2,955 * 59,8

' 1316 ' 1,822 ¢ L7720 Y 2,842 1.7

t 19-.22 ' 2,118 !t 387 v 2,505 0 814,

v AV, : 1.687 : .937 ' z,624 0 6.3

$ [ 3 | ]
Oven dried' 1- 4 ' 1,018 ' ,801 ' 1.81¢ ' 56,0

vt 710 ' 1,230 1 LB40 v 1,019 ¢ 64,1

' 13216 * 1,395 ! J57H Y 1,969 70.8

' 1922 ' 1,711 ', Ls7 t 2,168 ¢ 78.9

' Av, ' 1.339 ' .620 ' 1.95 ' 68,4

] [ ] 3 § | §
Cured '2-3 Y w1z v 697 ' 1,109 Y 37,2

bos- 6 ' ,301 ' 1,193 ' 1.49L ' Zo.1

LA R« I 252 v 1,266 Y 1.818 ¢ 16.6

' 1122 L150 Y 1,381 Y 1,401 0 10,1

' 1435 ¢ .052 + 1,090 v 1,142 L6

' 17-18 ! Chsh L798 v 1,262 36.8

' 20=21 L6006 ! LP00 Y 1,300 ¢! Lé,2

¢ Av R .329 ! 938 v 1,267 Y 26,0
__________ d e e e ——
Effect of drying : - 348 : - 317 : -, 5565 : 44,1
sffect of curing : : 4.001 : -1.357 : -38.3

% Aversge of leaves 2=3, B=9, 14-15 =and 20-21 only.



Teble 10b, Dietribution of alkaloids in the lesves
of ~lant B from line 1, expressed as
per cent of the dry welight.
' ' Iteam distillation ‘'Pronortion
v Lesf 1 ‘Hornico-"! ‘of nicotine
Condltion ' number'Nicotine' tlne ' Total 'to totel
! :@er cent'ner cent'ner cent'! per cent
] ] [ ] [ ]
Sreen vol- Lk Y 976 ' 1,409 ' 2,385 ' Lo.9
v 7-10 ' 1.342 ¢ LB41 ¢ 2,183 ¢ 61.5
' 13-16 ' 1,589 * 716 ' 2,305 ' 68.9
' 19-22 ' 1,73k ' 490 v 2,22k ' 78,0
YoAv. ' 1,433 Y .86k ' 2,297 ' 62.4
$ ] ] [ ] 1]
Oven dried! 1l- &4 ' 752 ' ,968 ' 1,727 ' 43,5
¢ 7=10 ' 1.027 ¢ LB06 vV 1,633 ¢ 62.9
't 13-16 ' 1,054 ¢ .579 ' 1,680 ! 62.7
''19-22 ' 1,365 ' .273 ' 1.638 ' 83.3
tOAY, Y 1.030 ¢ .607 : 1.657 ! 63.4
] ] [ ] &
Cured 1 2= 31 L185 ' 1,118 v 1.303 ! 14,2
! 5‘- 6 ' 0065 ' 10181 ' 1. 2"‘4’6 ' 502
L - P LO078 ¢+ 1,137 ' 1,215 ¢ 6,4
I 11-12 ! .033 ¢ . 750 1 .783 L,2
¢t 14-15 1 .053 ¢ . 768 821 ! 6.5
! 17-18 ' 0031‘; ! o8£@'5 1 .879 ' 309
! 20=21 ! .069 ! .718 ! .787 ¢ 8.8
' oAy ® .096 1 ,935 v 1,031 ° 9.3
.......... i NN SR OIUNU DU DI R,
Effect of drying : -.383 : -.257 : -.640 : +1.0
Effect of curlng : -1.337 : 4.071 : -1.266 : -53.1

¥ Avergge of leaves 2-3, 8-9,

14-15 end 20«21 only.

o



Teble 10c.
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Distribution of elkalnids in the 1ls=ssves

of »lent A from line 8, expressed as ner
cent of the dry welght.

J ' Steam distilliation 'Pro-ortion

' Leaf ! Viornicos' ‘of nicotine
Condition ' number'idicotine' tine ' otsl 'to totsd

' 'ner gent'ner cent'’rer cent’ ner cent

¥ t L L E
Green 'ol- & .99 ' 1.058 ' 1,957 ' 45,9

vop-10 ' 1,112 ' (671 ' 1.783 ¢+ 62.L

' 13-16 ! LB34 0 L35 Y 1,069 ¢ 59.3

' 19.22 ¢ .915 ! .339 ' 1.254 ¢ 73.0

' Av. : 890 ! .h26 ¢ 1,516 56.7

] 1 H 1
Oven dried' 1- 4 Y B12 v 1,236 ! 34,3

¢t 7-10 ! . 577 ! 510 v 1,087 ! 53.1

't 13=16 ! C37E L3328 ¢ . 706 ! 2.5

: AV, : .69 : L7l : 1%y : 50.0
Cured ' 2= 2 .092 vV 1,082 ' 1.,1hks ¢ &.1

t 5. 6 ¢ L148 ' 1,002 ' 1,150 ¢ 12.9

't 8- 9! L057 ! 699 ! .756 ! 7e5

' 11=12 ¢ 033 1 LTV .597 ¢ 5.5

V415" .035 1 o 53 1 .578 ! 6.1

' 17-18 ¢ L0348 « 320 ¢ 354 2,6

' 20=21 ! L0323 ! . 268 ! L3310 10.0

' Av.® Y 034 648 .702 ! 7.7
.......... Qe e e -
Effect of dryving : - 421 : -.155 : - 576 : -8.7
Effect of curing : -.836 : 4.022 : -.814 : -51.0

®»

Average of leaves 2«3, =9,

14=-15% and 20-21 only.
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Table 104, Uistribution of elkelolide Iin the lessver
of ~lant B from line 8, expressed as
per cent of the dry welight.

Steem dietillation

»roaortion

1]

! Leaf ! tiornico-! 'of nicotine
Condltion ' number‘iicotlne'! tine ' fTotel 'to totel

: :ner cent:ser centfner cent! ner cent

[}

Green 'l 4t ,501 Y .829 ' 1.330 ' 37.7

' 7-10 ' k61 ' .606 ' 1.067 ' B3.2

' 13"'16 ' 02‘3‘8? ., 0292'1’ ' ® ?81 ' 52.3

' 19-22 ' .595 ' 320 ' 015 ' 65.0

‘oAv. LRI LBz ' 1.023 ' 0.0
Oven drled' 1- 4 ' .316 ' 706 ' 1.022 ' 30.9

'og-10 Y . 347 v (457 v B0k ¢ 13,2

' 13=16 ! 271 Y .298 1 . 569 ! Le,7

¥ 19-22 ' .b2y * (227 ' 651 '  58.0

' Av, : <340 ! JA22 8 762 Y UL, 6

t [ | ] [
Cured ! 2« 3 ' trace ! .587 ¢ . 587 ¢ 0.0

V5. 6 ' trace ! e 7S 0.0

' Ba G ' 4rece ! . 324 8 <324 ! 0.0

' 11-12 ' trace ! L2311 .231 1} 0.0

! 14=15 ' trsce ! .180 ! .180 C.0

! 17-18 ' <t¢race ! .lz20 ! .120 ! 0.0

v 20-21 ' sSresce ! .130 ! <130 ¢ 0.0

v Av.® YV grece ! .305 .305 " 0.0
o o e o o e e o e e o e ——— e e ——
Effrct of drying : -.171 : -.090 ' -, 261 : -5.4

1
Effect of curing : -.511 ' -,207 : -. 718 : -50.¢
i

¥ Averege of leavegs 2=3, 8=9, 14=15
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the hlgher the lesf 1g in 2 »lsnt, the higher isg the
vro~ortion of nicotinz o totz2l alkaslolds., In other words,
the youngey the leaf the higher the »Hrowortisn of nicotine
to tote2l 21%=zloide, PFlmuree 7 =2nd 8 1l1lusirate this
better. Ouring a-=2rantly ~ltere thls relatilonshin. It
mey seconunt for the wide verletinn in the trends faund in
tebleg Sa, 8h ond Re.

Effect of mosaic infeectlon on alk%=loldal nontent.

raown in t2ble 171 ar> the alkaloldsl contants of
three linee, eome =lote of wihich were inoculatad with
tobzean nmosalc virns 2nd eome were not., 0OFf the three
linee, 1ine 1 ieg moseic suscentible, "he otrer two are
regletent linee, Consldering the sversgze of 217 1lnoculated
nlots 2nd the sverage of 211 non-inoculetsd -~lots, the
differane= in thelr 81%3lol328) content wes no? slgnificeant.
Taking only the sugce~tible line, knwever, inoculstion
elonifically Aincresged the tn%t21 21kelolild content a2nd to
g gmaller degree, the romoritlon of nicotine to tot=l
2l%2101de, O resletent lineg, innculationg h=d no «ffect

on 21rk21n14sY econtent.



Teble 11. Effect of tobacco moessic virusg lnoculation
on slkeloidel content of cured lesves, content
exnressed s per cent of the dry welght,

' ' ' Steem dictilletion ‘Provortion
! Treat-'Renli-! 'Nornico-"! 'of nicotine

Lineg! ment ; cates'Nicotine'! tine ' Totel ' to totsl

'ser cent'her cent'rer cent' ner gent
! L]

o

1 )
] ] i
1 ! Inocu=! i 585 1 L2z v 1,107 ! 61.87
' leted! 2 . 364 1 680 v 1,044 0 34,87
! ! 3 L2430 L6224 .B67 1V 28,03
! PAv, ' b3t L3575 Y 1,006 0 41,59
' ' ) ' N '
lculated!? z ! LOhL7p ! JAg2 0 99 ! g, kb2
' ' 300 031 LAz LhA4Bg ! 6,34
: : AV’. : OO?'? : .“;’93 : 05?0 : 120 29
L ' Inocu-! 1Y 1.h40 0 229 ' 1,669 &6, 28
v lated! 2 v 1,836 ! 386 v 2,202 0 gz,6"7
' YAy, ' 1.538 ! L3007 Y 1.945 0 84,22
[} ] H [} t 1 ]
‘Unino- ' 1 ' 1.985 * 316 ' 2,301 ! B6.26
‘culeted! 2 v 1.7k 3220 2,037 ¢ 8it, 14
' ¢t 3 v 1,492 v 178 ' 1,670 ' 89,34
' ' Av., ' 1,730 ¢ .22 v 2,002 ¢ 86,41
] [} ] [ ] ] L]
v l1sted! i ' o 1.080 ¢ Juos v 1,486 0 72.68
.Uniﬂg- ] ¢ $ ] 1
fculated! 1 ' 1.067 ! S227 Y 1,204 8 8z, 46
.................. 5 SN S, SIS SO,
Inoculstea ' &6 ' 9kl * L L3B Y 1.39¢ ' 61,60
] ] t 1] §
Uninoculszted ' 7 ' 927 ' .36C ' 1.287 ' 54,15
] ' ] [ ] 1]

No elgnificent difference bestween inoculated and not inocu-
on Ltotal slkeloids end »roonortion of nicotine to total
if 21l ~lote are teken into consider-tion,

slgnificant difference at 5% level only between totsl
clkeloides of inoculszted &nd unlinoculated nlots of
iine 1.
(tio significent difference in lines L znd §)

Significent differcnce 2t 8% level only between wrovortion
of nicotlne to totel =2lkslolds of lnoculated and unino-
culeted »lote of line 1 only.

(Mo significent difference in lines 4 end 3)
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DISCUSBION OF RESULTE

The relatlve lnadecuacy =nd inscecurscy of the vnregent
methods of alkelold determinations on tobzeco render gene-
tic studlies on slkslold inheritance very comnlicated
narticularliy on linee with mixed alkalodlds. The nilcotine,
nornicotine portion and totel slkslolds as determined by
steam dlstlllation and silicotungeiie =e¢id precinitation
mey not glve asccurately the trus contente of a glven
gemnle, For examvle, Teo and Jeffrey (46) found by solvent
extraction and pener chromatograrhy that only 50 rer cent
of the totesl alkeslolds in the Pobinson Marylend Msdium
Broedleaf was nlcotine and nornilcotine. The other half
was comnoged of 22 other substancee 16 of which were un-
identified. A critical comparlson hetween thege two
methods of anelysis meay estevliish some relationshin that
mey be of use 1in routing anelysis.

48 wasg mentloned in the »nrevious ncages and also by
many other ilnvestigators, = combination of verlous fac-
tors may sffect the glkaloldal content of a semple Iln one
way or snother. Hotable among thesge are heredlly, soil
and climete, farm rractices snd some exlsting abnormel
condltionsg such =g dlsescse Infectlon zsnd neast InfTestation.

Fenetlec constlitution.

‘he glgnificant differences bstween the lines in
their totzl elkelolds may be 2tiributsd lsrgely to

differences in genetlec constitution. Thie 1ie further
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gurported by the fact that in the two succeeding seagons,
moet of the dlfferences between the lines were maintalned,
Bignificaent differences between the 1lines exlsted even on
lines coming from the same original cross. Because celec-
tion was based not on alkaloidal content but on other
Tactors directly releted to market value, this regult wasg
exprected,

The effect of differences in genetic constitution 1is
more nronounced in the gualitati: ve a&nalysls of the alkealoids
present, ihe nicotine-nornicotine ratio was more or less
meinteined by all the lines during the three cron years.
Two of the lines (lines & and 9) selected for moeslc resls-
tance from the original cross of Maryland Medlum Brosdleaf
and N. glutinose were »nredominantly nornlcotine., The fact
thet both parents in the orliginel oross were predominantly
nornicotine Justiflee the resulting alkalold retic in the
selections, Other selections from the same orlglnal croees
resulting in e nigh nicotine-nornicotine ratio may bve
exrleined on the theory edvanced by Zmith and Smith (44).
They sald that a secondary aslkalold present in small
amounts in one carent may become the chief glkaloid in
some indlviduale of a hybrid or inbred family. Of the

selectione that have PN, longifiora or Burley in thelr

parentage, all thelr ratios were high. This wag exrected

because both Zurley and ., longiflore are nredominantly
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nicotine 1in alkaloldsl content. sHccordling to Vallesu (47},
the nlicotine-nornicotine ratio 1g o function of the
inherent cavacity of & vleant to transform elkszloids from
one form to another. EBonner (5) suggests that the
demethylation of nicotine to form nornicotine may Dbe
gaverned by the vpresence or absence of & methyl &cceptor
ceneble of recelving the methyl groun of nlcotine., Very
litile yet ies known about this mechanism excent thet
Deweon (17,18) found evidences to srow that this mecha-

nisem is locsated 1n the 1esf In the case of H. glutinosge.

S0il, climets z2nd time of rplanting.

wide variations between renlicates of a2 line within
the yeer indlcste goll verisbility effects mors than any
other factor. 7This 1s more evident on cuantity of totsl
slkxelolde ratier then on queality. SLuzllity chengee in
this csse may be & egecondary effect of nuesntity cheanges.
A significant posltlive correlatlon ceefficient was found
to exlst between total alkaloldes and the nicotine-nor-
nicotine ratio. (See table 6,) Flants within the =same
nlote were observed to vary sgleso, #Hlero-climate and soll
Aifferences may have played & nert in the exlsting nlant
variations,

The effect of reinfall or molsture coupled with the
time of tooping and harvegtlng on alksloldal content may
be one of the maln reasone for the significant yearly

differences rnarticularly on total e2lkaloids, The low



nlcotine content of the 1952 cror may be attributed in
nart te lste trang-lanting and low molsture content at
trensplanting time, This sunrorte the contention of
Meturtrey, Bacon and Ready (35) that late seeding sand
trans-slanting tend to lower the yleld of "nicotine" ner
sere. McHurtrey, Bowling, Brown and Zngle {38) claim
thet leaves »roduced in a dry seeson are high in
“nieotine". Contrary to their claim, & relatively high
alkaloidal content showed un in the 1950 cron despite an
earlier transnlanting and much wetter season than the
1952 eron. One reascn thet may be offered 1s the
unugually heesvy raln that fell on the 1950 crop at the
perind between ton:ing and hervesting. This may have
zocelerated the production of slkaloids in the roote and
increased the rate of translocation to the leaves., It
may &lso have resulted 1ln a decreased activity of the
&lkalold breaskdown mechanism. The time of toprling end
harvesting may have a lot to do &lso with this.

Although & voegltlive correlation wag found to exisat
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between total alkslold content and the nlcotine-nornicotine

ratlio, this wae not the case when the yearly averages of
the 1950 end 1951 crops shown in tables 4d and 7c are

compnared., One reason that masy be offered lg that the

high molsture content of the 1950 ero~ at harvest time due

to & heavy rein Just before harvest mey heve accelerated

the demethylation of nicotine into norniestine, The ratio

wae decressed bput the totzl slkaloild content was more or
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lese maintelned. Another exnlenetion would be the possi-
billty that the nositive correlstion between total alkalolds
and ratio may be necullar only to certain lines. Lack of
renlicates 1ln the other lines that were indenendent of
genetlc verliabllity »revented rsuch correlation teste mean-
ing anything.

Torrping and hervesting.

The effect of tooping on the total alkelold content
end the nicotlne-nornicotine ratio waze mentioned in the
preceeding nersgrepnh, Tooping definlitely incresses zlka-
lold content end the inerezse in retio ususlly followe.

It did inerease the ratio in the dulls in mejority of the
lines, Of more gignificence ir the time laprse between
tonpning end harvesting, ordinerlly referred to &g esrly or
late topring. Thie 18 sltogetrer different from high or
low tor—ing which hasg reference to the number of leaves
left in the nlant, ¥What determines the eszrliness or
latenesgs of tooning ie the fermeris Judgment on relative
meturlity in conjunetion with convenlence of oreretione.
The low total alkalold content of the 1952 cron comrared to
the other two yeeare mey be exnlained by the ghort time
lanse between topning and herveeting in the 1952 cron.

The effect of late tooning 1e very well shown in the

trend of dlstribution of the alkslolds in the different
leaf gredes., Ag sghown by the differences between the ave-

rsege yeerly trend, 1t an~esre that eerly tor"ling c¢aured an
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increace of total slkslolds in the dulls as was the cace
in the 1950 c¢ron., Late tonning of the coro> in 1952 caused
& decreasging totel alkalold trend., Although the 1951 cron
wags tooved early, & decreazsginz trend showed un, This,
however, may be exnlalined by the occurence of a2 4dry soell
whileh hav»pened at that nerlod between tonving and harvest-
ing.

In almoet &ll ceses, the seconds had total elkelold
contente &nd retlos of nicotlne to total elkaloide lower
than the brighte or dull brights. Thies 1e due to the fact
that the basal lssves ere more meture than the upner
leaveg., Actually, they ere overmature and nertly cured.
Thue, trensformstion of alkelolds to some other forms may
have taken nlece much earlier and longer in the bagal
leevee trazn in the mlddle or ur-er leesves. The noteble de-
creage in content endéd ratio in the dull brights may be due
to their relative immaturity with reference to the lower
leaver, A oron ie usuelly harvested when thelr middle
lesaves which form the greatest pert of the cro» ere at full
maturity. Consecuently, they heave the highest concentration
of alkalolds., Lven though some of the upper leaves have
atteined thelr full size, they have not yet receilved theilr
full share of the alkalolds from the roots, Tie increased
content and ratlo in the dulls were assumed to be the
result of early ton:ing. ‘'he above dlecuegsions 2re based
on the assumrtion that alkalolds are not tranclocated in

the ~lant efter 1t has entered tre leaves,
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Curing snd drying.
Curing end drying without doubt reduced grestly the
nicotine and total glkeloid content of the leaves, Whlle
drying reduced the nornicotine nortion, curing resulted
in & meintained level of nornlcotline concentration., 1In
feset, & elight increase weae noted in some cases., (3es
tebleg 10a, 10b, 10c¢ snd 10d.)}) Thie glves strong evidence
to Dewson's (17,18) belief thet nornicotine lg & denethy-
lation and breskdown ~roducet of nlcotine. There wee no
ermreciable increesee In nornieotine concentretion in 7ro-
vortion to nicotine decresse due nerhape to & further
breakdown of nornicotine 1lnto gome otler fTorms eltrer non-
steem volatlile or not »reciviteted by sllicotungetic escld.
There 18 very little known yet about 2lkelold trensforma-~
tionsg and breskdown »nroducts during the curing nroceegs.

Grading and samnling.

Pandon errors in gamling end greding may account for
the erretic trend of the elkeloids in the leafl gradecs
wlithin & nlot and to & certaln extent the veriebllitles
between »lote within the line, Grz2ding introduces a puman
factor thet is sublect %o error. In the filret —~lace, there
12 no clear cut definition for ezch grade. Not only 1s
nosition in & stalk teken 1nto conelderetion but the color
and slze 22 well., Thils ex>lains the shift in the bulk of
curad Yeaf welghts from one grade to snother in the nlots,
Zetween the three yesrs however, thz ghift wes due mors

1ikely to tre earliness of tonving rether then greding errors.

182720
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Eerller ftooring would tend %o shift the bulk of the cured
leaves toward the upner leaves or dull brights and dulls.
Since ~lant varlatlons exist, samuling e:rors would
do likewlse on account of the random sam->ling of *handse"
from esch grade, 1In the orocess of egirionoing end greding,
lesves in one *hand" of & grade may not come from the ssme
rlants thet lesves in another "hend" of snother grade ceme
from. A true trend esnnot be »resented then 1f these two
hende were rlecked out 28 sgemrles for & narticular »lot,
Yo have sn idee &g to the true trend, lesves from individual
nlents of two llnee were anslyzed, ihese &re granhically
renresented in figures 5, 6, 7 #nd 8. It would be notlced
thet varlstions exigted even between ~lante from the same
nlot.

Lffect of tobacco mosalc wvirus inoculation.

Fesulte obtalned in this ex-eriment confirmed the find-
inge of Zilberschnidt (41) that tobsceo mossic infection
ceusged an increzsed nicotline content in the 1infeeted
leaves, In this exnheriment; trhe totel alkealolds as well
&g the »rowortlion of nicotine to total alkalolds was in-
creased significently by virus 1lnoculation on suscentible
lineg, The resagon for the lncreace in totel alkasloids may
be attributed to tne ~ossivle decrezse in total Ary matter
of infected leaves without much loss in alkaloids., 1t
may also be »noegslble thset the virus 314 not affect the

normel sgynthesle of the elkealolde in the roote end also
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its translocation to the infeoted leaves. As regards the
increase in the nicotine-nornicotine ratio, the presence of
the virus may have impalred the mechanism for alkaloid

transformation and breakdown.
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SUMMARY AND CONCLUSIONS

Thies gtudy was made on gelected dlseasge resistant
Haryland tobacco straine to determine thelr vari-
abliity in 2lkeloldel content over & three year nerilod
representing three generations. It was intended to
show also which of the lines avinroached the gtandard
Maryland variety as regards alkaloidal content both
qualitstively and quantitetively.

The petroleum ether extraction method for nicotine
anelysis wae found inaccurate on tobassco lineg with
high nornlicotine content. The results included about
half of the nornicotine oresent as nicotine.

Of the meventeen selected disease reslstant breeding
lines, only lines 8 2nd 9@ approached Robinson Mary-
land Medium Broadlesf (line 1) in cuality =nd quen-
tity of alkalold. The other fifteen recsembled the
Wilson {(line 2) strain of Maryland tobscco 1in »Hroror-
tion of nicotine to total alkalolds at least.

4 wilde genetic variebility between the 19 lines existed
desplte the fact that some of them came from the same
originel eross. The mrocess of selection taking into
consideration only the fectors dlrectly related to
market value may account for thig. The nineteen lines
wilth reerect to alkaleidal content are homozygous as
indicated by the meaintained line differences through

tre three generatlone.
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S01) varliabillity and probably micro-climate differencesg
may account for »lot varliebllitles wlithin the line.
Slgnificant yearly differences between the lines may
be accounted for by & combination of factors most
important of which sre rainfell or solil molsture,
time of sgeeding and nlenting, the time of tovoning
and hsarvesting., The 1950 cron had the highest total
alkxalold content but hed the loweegt nicotine-norni-
cotine retio. The 1952 erop had the lowest totel
alkalold content but had & relatively high alksloid
ratio.

Seconds sre generally low in alkslold content and
nicotine-nornicotine ratio on account of their
relative over maturity. The decrease of total
alkslold content in the urner lesves may be the
result of Aimmaturity. An incresse however, 1s the
consequence of early torpling.

A eignificent noeitlive correlation was obtalned be-
tween total slkalolids and nicotine-nornlcotine ratilo.
Although not signiricant, 2 negative correlation
seemed to exlst between yleld snd totel ealkeloids,
Curing &and drying definltely decreased total
alitaloide and the »ronortion of nleotine to totsl
elkaloide., It 1m>lies the occurence of & trans-
formatlion of alkalelds from nicotine to nornicotine

end a furt!er breakdown of s2lkelolds inteo »roducts
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not sensitive to the method of ansalysis.

Hoealic virue inooculation definitely increasged the
total alkaloid ocontent as well as the niocotine to
total alkeloid proportion of reasctive or suscepti-
ble 1lines only. There was no notloeable effect on

resistant lines,
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