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The remarkable success achieved through the uti Ilzation of F
r

hybrids

in increasing the yield and improving the quality uf corn is wei I recog-

nized. Breeders of other crops are constantly searching for ways and means

of uti I izing heterosis for the improvement of their respective crops.

The practicabi lity of the commercial uti lization of F
1

hybrids depends

on the cost of producing hybrid seed in relation to the value of the

increased productiveness of hybrids over commercial varieties. Among the

naturally self-pollinated crops in which heterosis might be uti lized,

tobacco has two distinct advantages: (I) a high acre-value, and (2) a

f lower structure that makes it possible to produce a large number of F I

seeds with ease.

-:-hE., manno r in which hybrid vigor is expressed in various crops is of

special l nt e res t . In corn, for example, heterosis, expressed as increased
.:

yield of seed - ·he economically important part of the plant - is desirable.

With tobacco, on the other hand, hybrid vigor expressed. as increased vege-

tative growth rather than the seeds, would be of practical interest. Since

most of the commercial varieties of bright-leaf tobacco are genetically

simi lar, it is not likely that increases in yield would be prol"'ounced in

varietal crosses. However, when ~. tab~ is hybridized with certain

other species of Nicolia~~, pronounced heterosis is often observed. Such

interspecific hybrids sh~uld be useful in determining the manner in which
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heterosis is manifested in the genus Nicottana.

The F r hyb;id p Ie nt s produced from seed of a cross between N. tabacum

and ~G syl'lesi~ris. (one of the progenitor species of domestic tobacco)

exhibit striking Increases in size. These hybrids have been prod~ced and

described by East and Hayes (3), Goodspeed (4), Goodspeed and Clausen (5),

Clausen (2), Kostoff U». Brown (1), and others. As early as 1917, Goodspeed

and Clausen (5) described the nature of the F , species hybrids between ~.

sylvestris and vaiious varieties of ~o tabacum, and presented a series

of plates, figures, and drawings to show comparative sizes of the p2rents

and the Firs. Many c; the hybrids over-topped both of their parents by

as much as 1-hree feet and showed corresponding size increases in both the

vegetative and floral par t s , In spite of these striking expressions of

heterosis, the F I hybrids displayed, in general, the characters of their

N. tabacum parent. AI though these hybri ds hc\'E:: been known for many years J

any account of their ever having been produced with a ~o tabacum parent of

the flue-cured type has not been found. Neither has it been possible to

locate any record of any evaluation of the cured properties of such hybridso

Experimenta I

In a randomized split-plot design, eleven varletie~ of flue-cured

tobacco were compared with their respective hybrids with ~o syfvestris.

Six replications of this experiment were conducted at the Border Belt

Research Farm, Whitevi i Ie, N. C., in 1951.

l! varieties included were: 400, Bottom Special, Cash, Dixie Bright lOr,
Gold Dot lar~ Hicks, Vamorr 48, White stem Orinoco, Yel low Mammoth,
Y8; low S?ecial, and 4020
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Table I. Comparison of Certain Agronomic Characteristics of N. tabacurn x
N. sylvestris Hybrids with those of the N. tabacum Parents.
TWhitevllle, iS51) -

Line Number Days to Ground Sucker Yield!V Va I ue21 Price

of :J Flower :; Sucker InoexZ/ per
Leaves Indexij Ib/A $/A cwt .21

400 19. I 51.9 3.6 15.8 1324 223 16.84
itoo x Sy I • 17.9 44.0 2.5 27. I 1310 154 I 1.71

Bottom Speci a I 23·3 54-9 0.5 9.3 1706 311 18.28
80S. x svi • 19.2 42.3 0.7 23.0 1269 133 10.45

Cash 21.5 55.6 2.9 14. I 1471 242 16.46
Cash x Syl. 18.0 42.6 2.5 25.3 1197 122 10.17

Dixie Bright 101 22.4 58.6 3.9 l' .2 1625 304 18.63
D.8o IOlxSyl. 17.4 44.0 2.7 25.4 1359 161 11.85

Gold Dollar 21.0 51.6 3.0 19.-8 1234 206 16.57
GoD. x Syl. 18.0 41.3 2.3 26.2 1129 127 f 1.21

Hicks 18.3 44.0 2.3 17.7 1248 230 18.44

Hicks x Syl. 18.2 42.6 1.3 26.8 1227 149 12. 17

Vamorr 48 21.9 50.6 0.4 16.3 1357 216 15.82

vem, 48 x Sy I • ~9.0 44.3 0.6 23-3 1312 156 11.82

White stem Orinoco 22.3 53.9 2.7 15.2 1384 238 17.19

W.S.o. x Syl. 18.6 43.3 2.2 27.4 1201 140 It .62

Ye f low I\\ammoth 20.7 52.9 2.4 18. 1 1417 247 17.57
Y.M. x Syl. 18.7 45.6 1.4 25.0 1382 182 13.19

Ye 1low Speci a I 20. I 53.9 3. I 15.9 1461 247 16.89

Y.5. x Sy f • 18. I W+.3 3. I 26.3 1294 123 9.50

402 19.9 52.6 2.8 14.9 1504 304 20.20

402 x Sy I. 18.0 43.6 1.6 23.9 1401 172 12.27

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

~Aean of all varieties 2100 52.8 2.5 15.3 1431 252 17.53
Mean of at I hybrids 18.3 43.4 1.9 25.5 1281 147 11.45

Ratio,
Hybrid Mean 87 82 76 167 90 58 65
veri ety Mean

LSD.§! (0.05) 0.5 1.2 0.3 1.7 35 9 0.50
(0.01 ) 0.6 1.6 0.4 2.3 46 12 0.67

C'V' J % 4.6 4.9 27.6 16.2 7.3 12.6 10.0
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The principal agronomic characteristics of the hybrids are contrasted

with those of the tobacco parents in Table IJ and are summarized on

S I ide I.

Contrasting the varietal versus the hybrid means, the differences

noted for each characteristic are statistically significant (p, .OJ). Of

special practical significance is the difference in "days to flower".

Tobacco has a determinate growth habit; that is, the change from vegetative

to reproductive growth is abrupt. As soon as the flower primordia is formed,

the development of additional leaves ceases, and any further growth is

directed largely to the formation of suckers and floral parts. Thus the

fewer leaves, lower yield, and higher sucker index of the hybrids are the

result of the hybrids having flowered approximately ten days earlier than

t~~ ~obacco varieties. If it were possible to prolong their vegetative

period, it is quite probable that the leaf numbers and yields of the hybrids

would equal or surpass those of the varieties, since the growth rate of the

hybrids was much faster during vegetative development.

The simply inherited "mammoth" character influences the plant's res-

ponse to length of day. Mammoth tobacco plants flower only in short days

thus remaining vegetative unti t late September at North Carolina latitudes.

Footnotes to Table I:
17 Based on counts of 10 plants (out of 40) per treatment in 3

(of 6) replications.

gj Based on all plants in 3 repl l ce t l ons ,

21 Based on 20 plants per treatment in 3 replications.

4/ All harvestable leaves from all replications.

~ Based on the average price by grade, 1939-41.

~ Least difference for significance in the variety versus hybrid
contrast at the indicated probabi lity level.
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By a system of backcrossing, mammoth factors are being incorporated into

some of the better flue-cured varieties. At our Open-House in late

September, one of the first mammoth hybrids was displayed; this plant

stood approximately ten feet high and had produced sixty-four leaves

before the f lower appeared.

The inferior quality of the cured hybrids as reflected in a decidedly

lower "price per cwt" is explained partially" at least, as the result of

th~ i·,t?C~ss: ty of curing the hybrids and varieties together in an atmosphere

~egulated to favor the varieties. The cured leaves of the hybrids are

somewhat heavier rhen the ordinary flue-cured tobaccos and show consider

able red pigment; the upper leaves tend to be leathery and have poor

hygroscopic properties.

Nicotine is the principal alkaloid of flue-cured varieties of N.

tabacum. In~. sylvestris, on the other hand, the alkaloid is totally

nornicotine (7). It is of ;nterest~ therefore, to examine the alkaloid

distribution in hybrids between ~. tabacum and ~. sylvestris. For this

purpose, cured leaf samp!es representing three replications of each variety

and each hybrid were prepared and submitted for analysiso Th~ partial

composition data are presented in Table 2 and are summarIzed on Slide 2.

Whi Ie the hybrids are significant Iy higher in total nitrogen the

magnitude of the difference is of little practical concern. Of prime

irrpcrr~;-lcP,J however, is the fact that the hybrids contain only 60% as much

sugar as do the tobacco varieties and less than ha~f as much total alkaloids.

Nicotine comprise~ eighty-three per cent of the alkaloids present in the

tobacco varieties, whereas, nornicotine predomin~tes in the hybrid to the
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Table 2. Contents of Certain Chemical Constituents in N. tabacum x
NG sylvestris Hvbrids Contrasted with those of the
No tabacum Pare~tso (Vvhitevi lie, 1951)

(Mean5 of three replications)
18.08 4.06 3.52 0.53
13.65 1.59 0019 1.39

Line

400
400 x Sy I.

Bottom Speci a f

8.5. x Sy I 0

Cash
Cash x Syl.

Dixie Bright 101
D080 fOJ x Sy l ,

Go I d Do I Jar
G.D. x svr .

Hicks
Hicks x SyJ.

Vamorr 48
Vam• 48 x S yr.

White stem Orinoco
W.s 00. x Sy f •

Ye I I oW ~.~ammoth

Y .~A. x 5y J •

Yellow Speciaf
Y.S .. x Syl.

402
402 x Sy I.

Means of al I varieties
Means of al I hybrids

Hybrid Mean
Ratio, Variety Mea~

LSD (.05)
( .01)

c../., %

Total
Nitrogen

%

2. 15
2.05

1.70
1.89

2.02
2. 15

1.91
2.04

1.92
2.06

2.01
1.87

1.85
2.07

2.01
2.02

2.07
2.20

1.87
2.05

1.95
2.04

105

0.05
0.06
4.6

Reducing
Sugars

%

25.31
14.16

22041
11.60

20.29
11.25

20.74
11.92

23.24
14.93

21.91
12.70

18.07
13.87

19~82

10.81

21.64
12.40

21.92
12.99

60

0.74
1.0 I

8.3

Total
Alkaloid

%

3.07
1.59

2.81
1 .53

3.36
1.74

3.40
I • I I

3.65
1.40

3.47
1.91

3e66
1.62

3-56
2.20

3·32
1.59

48
o. (4
0.19

1 I • I

Nico
tine

%

1.88
0.05

2.49
0.14

1.94
0.20

2.93
0.03

2.95
0.10

3.16
0.06

2.95
0.16

3. I r

0.27

2.67
0.09

2.76
o. 13

5

0.19
0.26

25.6

Nornico
tine

%

0.88
1.34

0.43
1.7 r

0.45
1.01

0.49
1.34

0.51
1.75

0.55
I .35

0.89
2. II

0.47
I .57

0.56
1.46

273

0.14
0.20

27·8

Ratio,
Nicotine
Tot. Alk.

81. J

8.8

69.0
13. I

87·2
1.7

86.8
9·0

86.6
4.3

85·0
8.4

8500
16.7

75.0
4. I

85.8
9.8

82.9
8.4
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extent of 9~ of the total.

It should be restated that the primary objective of these experiments

was to determine the manner in which heterosis is expressed in tobacco. It

was not expected and would have been quite surprising had these particular

hybrids proved to be commercially useful. It is quite possible that inter

varietal (intra-specific) hybrids may some day playa significant role in

tobacco production.

The story contained in these data, however, sharply emphasizes the

necess i ty of a close I i a i son between the biochemist and the plant breeder

to insure that the breeder's ef forts are not unwittingly directed toward

degrading que l l ty , Note, in Table 2, that nicotine comprises only 60/10 of

the total alkaloids of Dixie Bright 101 as compared with a mean of 84.3% for

the other varieties. Dixie Bright 101 which carri es resistance to both

Granvi I Ie wi It and black shank was developed to mee t an extremely serious

disease problem in the flue-cured area. It is now generally agreed that

Dixie Bright 101 is a pretty good tobacco. That it has turned out so wei I

is our good fortune~ It is quite likely that the breeders, in their search

for resistant germ plasm, gave little thought to such intrinsic quality

factors as alkaloid distribution.

If the plant breeder were suddenly to be faced with an epidemic of some

new and devastating disease, are there any limits to how far afield he might

go in quest of a resistance factor? If the emergency were serious enough,

probably not. These alkaloid data for the hybrids demonstrates what might

happen. Such gross deviations as in the alkaloid distribution could readi Iy

be detected in the laboratory- More subtle characteristics such as aroma,

which can only be evaluated subjectively, might be seriously degraded

without being recognized.
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