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Genetic Parameters in a Ky 14 • K y  Ex 42 Burley Population 
of Nicotiana tabacum L. 
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U n i v e r s i t y  of K e n t u c k y ,  Lex ing ton ,  K e n t u c k y  (USA) 

Summary. In the  F 2 generation of the cross between burley varieties, Ky 14 and Ky Ex 42, estimates of addi t ive 
genetic variance were significant for yield, days to flower, and number of leaves. All estimates of dominance variance, 
addi t ive  • addi t ive variance, and interactions between genetic variances and years were smaller than twice their 
s tandard  errors. The gain expected from selecting and recombining the best 10% of the F 2 p lants  ranged from 4% for 
number  of leaves to 8.6% for yield. Addit ive genetic correlations between pairs of agronomic characters were positive. 
Yield and number of leaves were negatively correlated with to ta l  alkaloids. 

Introduction 
P l a n t  b reeders  c o n d u c t  gene t ic  v a r i a b i l i t y  exper i -  

m e n t s  to  e s t i m a t e  the  r e l a t i ve  m a g n i t u d e  a n d  t y p e  of 
gene t ic  va r i a t i on ,  to  d e t e r m i n e  the  m a g n i t u d e  of the  
g e n o t y p e  • e n v i r o n m e n t  i n t e r a c t i o n  var iance ,  and  to  
e v a l u a t e  the  r e l a t i onsh ip  a m o n g  var ious  charac te rs .  
Once th is  i n f o r m a t i o n  is ava i lab le  f rom a popu la t i on ,  
t he  b reede r  can compare  the  a p p l i c a b i l i t y  of d i f ferent  
b r eed ing  m e t h o d s ,  ca lcu la te  t he  progress  expec t ed  
f rom us ing  ce r ta in  se lect ion procedures ,  and  de t e rmine  
if se lec t ion  in the  p o p u l a t i o n  is l ike ly  to  p roduce  
i m p r o v e d  va r ie t i e s  or  b r eed ing  l ines at  a reasonable  
expense .  

In  severa l  p o p u l a t i o n s  of hu r l ey  tobacco ,  the  predo-  
m i n a n t  gene t i c  effects  have  been a d d i t i v e  (Legg and  
Collins, t 9 7 t b ,  1971c;  Legg,  Collins, and  L i t t on ,  
t970 ;  Matz inger ,  W e r n s m a n ,  a n d  Ross,  t971).  How-  
ever,  in e v e r y  p o p u l a t i o n ,  e s t ima te s  of one or more  
p a r a m e t e r s  i n d i c a t e d  the  presence of some nonadd i -  
t ive  effects  for one or  more  charac te rs .  S igni f icant  
e s t ima te s  of heteros is ,  i nb reed ing  depress ion,  and  
specif ic  combin ing  a b i l i t y  have  been  r e p o r t e d  for 
d a y s  to  f lower,  n u m b e r  of leaves,  leaf  wid th ,  and  
y ie ld  (Legg et al., t970 ;  Ma tz inge r  et al., t971).  
I n  a d d i t i o n ,  s ign i f ican t  he teros is  and  inb reed ing  
depress ion  e s t i m a t e s  have  been  found  for  p l a n t  height ,  
leaf  l ength ,  and  pe rcen t  t o t a l  a lka lo ids  (Matz inger  
et al., 197t) .  In  our  two e x p e r i m e n t s  (Legg and  
Collins, t 9 7 t  b, t971 c) which  were des igned  to  o b t a i n  
specific e s t ima te s  of add i t ive ,  dominance ,  and  add i -  
t i ve  • a d d i t i v e  va r iances  (a~, aS, a n d  a~A, re- 
spec t ive ly) ,  the  on ly  s ign i f ican t  e s t i m a t e  of aS or  
O'.~ A w a s  0" 3 for  d a y s  to  f lower in the  Vi rg in ia  
B-29 • K y  12 cross. 

a The investigation reported in this paper  (No. 73-3-t47) 
is in connection with a project  of the Kentucky Agri- 
cultural  Exper iment  Stat ion and is published with the 
approval  of the Director. 

A d d i t i o n a l  evidence of dominance  and  a d d i t i v e  • 
a d d i t i v e  ep i s t a t i c  effects in hu r l ey  tobacco  was 
r e p o r t e d  b y  Legg and  Collins (1971 a). In  a two-locus  
sy s t em t h a t  is i m p o r t a n t  in the  cont ro l  of a lka lo id  
p roduc t ion ,  a s igni f icant  effect for dominance  was 
r e p o r t e d  at  one locus and  the  add i t i ve  • a d d i t i v e  
ep i s t a t i c  effect was s ignif icant .  To ob ta in  more  in- 
f o rma t ion  on the  genet ic  p a r a m e t e r s  in hu r l ey  to-  
bacco,  the  presen t  s t u d y  was des igned to  e s t ima te  
va r iances  and  corre la t ions  in a cross be tween  two 
high-yie ld ing,  morpho log ica l ly  different  var ie t ies .  

Material and Methods 

The two pure lines chosen for s tudy were Ky  14 and 
Ky Ex 42. Ky  t 4 is a s tandup var ie ty  which produces 
a good yield of broad leaves of medium length. I t  is 
resistant to the wildfire, tobacco mosaic, black root  rot  
and fusarium wilt diseases. Ky Ex 42 is an experimental  
line with long, narrow leaves tha t  project  from the p lant  
in a semi-erect fashion. I t  is resistant  to wildfire, to- 
bacco mosaic, and fusarium wilt, but  it is susceptible to 
black root  rot. 

Two plants, one from each of the pure lines, were 
crossed to give the F 1 generation, and a single F 1 p lan t  
was selfed to produce the F 2 generation. Within the F 2 
generation, 13 sets of progenies were produced according 
to the mat ing design described by  Matzinger and Cocker- 
ham (1963). Eight  random F 2 plants  were assigned to 
each set with four of the plants  designated as males and 
four as females. Sixteen full-sib families were obtained by  
crossing each of the females by  each of the males; and 
eight self progenies were produced by  self-pollinating the 
eight parent  plants.  

The full-sib and self faniilies in each set were planted 
in a randomized block design with two replications at 
Lexington, Kentucky during 1969 and 1970. /4y 14, 
t@ Ex  42, the F 1 generation, and F 2 generation were 
included in each replication of each set during 1969. In 
1970, Ky 14 and Ky.Ex  42 were included in each replica- 
tion of each set. 

All  plots were single rows consisting of 25 plants  spaced 
46 cm in the row with a spacing between rows of 107 cm. 
Data  were collected on number of days from t ransplant -  



Paul D. Legg and G. ]3. Collins: Genetic Parameters  in a Populat ion of Nicotiana tabacum L. 265 

ing to flowering, number of harvestable  leaves, p l a n t  
height, yield per plant ,  and percent  to ta l  alkaloids. Fur-  
ther  details  on procedures used in the collection of da ta  
were given b y  Legg and Collins (197t b). 

Genetic parameters  were es t imated by  the basic com- 
puta t iona l  procedures outl ined by  Matzinger and Cocker- 
ham (t963); Matzinger, Mann, and  Cockerham (t966); 
and Matzinger (1968). Expec ted  progress Irom selecting 
and recombining the best  t 0% of the  paren ta l  p lan t s  on 
the basis of performance of both  self and b iparenta l  
progenies was calculated according to the simplified model  
of Cockerham and Matzinger (t966). Under  this  model, 
all interact ions between genetic entries and environmentM 
blocks are assumed to be zero and the genetic variance 
is assumed to be entirely addit ive.  

There  were s ign i f i can t  a m o u n t s  of v a r i a b i l i t y  
a m o n g  ful l-s ib famil ies  for  al l  f ive cha rac t e r s  a n d  
a m o n g  hal f -s ib  famil ies  for  d a y s  to  f lower,  y ie ld ,  a n d  
pe rcen t  t o t a l  a lkalo ids .  The  va r i ances  of hal f -s ib  
f a m i l y  m e a n s  for p a r e n t s  used  as ma les  in crosses 
versus  those  used  as females  in crosses d id  n o t  differ  
for  a n y  charac te r .  There  was no  i n t e r a c t i o n  of male  
• female  p a r e n t s  in t he  ful l -s ib  famil ies .  S ign i f ican t  
e s t ima te s  of g e n o t y p e  • y e a r  i n t e r a c t i o n s  were found  
for  n u m b e r  of leaves  a n d  p l a n t  he ight .  The  va r i ance  
a m o n g  male  p a r e n t s  w i th in  se ts  • yea r s  was signi-  
f i can t  for  n u m b e r  of l eaves  in t he  ana lys i s  of ful l -s ib  

Table 1. Mean performance of parents, F x, F,,, full-sib families, 
and self families for five characters 

Yield, Total Days to Leaves, Plant 
g/plant alkaloids, flower no]plant height, 

% cm 

1969 
/gy 14 160.58 4.53 72.58 22.32 110.4o 
B2y Ex 42 t45.17 4.93 72,77 2t .77 1o8,60 
Midparent  t 52.88 4.73 72,68 22.04 109.50 
F~ t45.89 4.63 72,73 2t.77 t10.94 
/ ~  t50.72 4.67 72.04 21.89 110.38 
Full-sib families t 51.69 4,67 71.6t 2t.73 t07.91 
Self families 1 50.61 4,63 72.12 2t. 81 106.46 

1969-- 70 
Ky 14 140.65 4,22 70.16 22.42 t09.80 
try Ex 42 t26.94 4.64 7t .04 22.15 106.36 
Midparent  133.80 4,43 70.60 22.28 t08.08 
Full-sib families 131.03 4.41 70.04 2t .84 t07.06 
Self families 130.55 4.35 70.53 21.97 t06.07 

Table 2. Estimaltes of additive genetic (a~a), dominance (ag), and additive • additive (a~)  variances, their 
interactions with years, plot error variances for self (a~,) and full-sib (a~,) families, and standard errors 

Yield Alkaloids Days to flower :No. of leaves Plant height 

a 2 S E  cr 2 S E  a 2 S E  ct 2 S E  cr 2 S E  

a]  64.12 2t.42 0.026 0.022 4.77 1.31 0.43 0.t8 t3.31 6.92 
a~ --  7.01 32.70 0,028 0.041 0.07 1,42 - -0 . t0  0.30 3.85 12.98 
a~a - - 3 5 , 6 9  33.02 --0.006 0,038 --0.51 1.72 --0.35 0.30 - - t l . 0 6  t t .79  
a~r -- t%08 21.70 0.024 0.028 0.03 0.84 0.07 0.24 --  6.09 8.t5 
a~r t8,25 53,26 0,017 0.064 --0,54 1.90 0.08 0.52 t3.11 t9:99 
~ r  35.13 41,35 --0.010 0.050 0.31 1.58 0.29 0.45 t5.72 15.O9 
a~ t96. t2  20.36 0.209 0.021 8.16 0.86 t.66 0.16 64.33 6.67 
~ ,  t88.53 13.97 0.t98 0.016 7.35 0.52 t.58 0.13 66.68 5.13 

Results  

Mean pe r fo rmances  of the  pa ren t s ,  /71, /72, ful l-s ib 
famil ies ,  a n d  self famil ies  are g iven  in Tab le  1. W h e n  
differences  a m o n g  these  gene ra t ions  were t e s t e d  b y  
the  t s t a t i s t i c ,  K y  t 4  and  K y  Ex  42 di f fered for  y ie ld  
and  pe rcen t  t o t a l  a lka lo ids  in b o t h  the  1969 d a t a  a n d  
the  d a t a  c o m b i n e d  over  years .  K y  t 4  y i e lde d  a b o u t  
t3  g rams  per  p l a n t  more  t h a n  K y E x 4 2  a n d  h a d  
a p p r o x i m a t e l y  9% less t o t a l  a lka lo ids .  Al l  compar i -  
sons among  the  m i d p a r e n t ,  F 1, F2, ful l -s ib  families,  
a n d  self famil ies  were nons ign i f i can t  a t  P = 0.05. 

Theoret. Appl. Genetics, Vol. 45, No. 6 

families.  In  the  se l f - fami ly  analyses ,  t i le  sells  wi th in  
sets  • yea r  i n t e rac t ions  were  s igni f icant  for n u m b e r  
of leaves  a n d  p l a n t  height .  

E s t i m a t e s  of a d d i t i v e  gene t ic  (a~), d o m i n a n c e  
(a~), a d d i t i v e  • a d d i t i v e  (e~A), a d d i t i v e  gene t ic  
X yea r s  (a~v), d o m i n a n c e  X yea r s  (a~DV), and  addi -  
t i ve  x add i t i ve  x yea r s  (a~Ay) var iances ,  s t an -  
d a r d  errors,  and  p lo t  e r ror  va r i ances  for  self 
(are) and  ful l-s ib famil ies  (a~e) are  p r e sen t ed  in 
Tab le  2. E s t i m a t e s  of a d d i t i v e  gene t ic  va r i ance  were 
s igni f icant  for y ie ld ,  d a y s  to  f lower,  a n d  n u m b e r  of 
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Table 3. Heritabilities of self (h2s), half-sib (h}s), 
and full-sib (h}s) families for two replications and 

two years 

Character 
Family reference 

h~ h}~ h~s 

Yield 0.38 O.34 0.23 
Alkaloids 0. t 4 0. t 3 0.08 
Days to flower 0.37 0.37 0.29 
No. of leaves 0.33 0.29 0.19 
Plant height 0.25 0,22 0.14 

leaves. Estimates of a~, a~a, and components of 
variance for interactions between genetic variances 
and years were smaller than twice their standard 
errors. 

Heritabilities, in the narrow sense, are given in 
Table 3 for family means from two replications and 
two years. The estimates ranged in magnitude from 
0.08 for percent total  alkaloids in the full-sib families 
to 0.38 for yield in the self lines. 

These estimates apply when the Fe plants are selected 
on the basis of performance of both self and biparental 
progenies in replicated tests in two environments. For 
yield, the average performance of a population gene- 
rated by recombining the selected F 2 plants would be 
expected to be 8.65% higher than the original F 2 
population (tile F 2 and biparental progenies were 
comparable in performance). For the other charac- 
ters, the expected progress would be 4 to 5%. 

Discuss ion  

The two varieties chosen for this study show wide 
difference in plant morphology. K y  t4  has a wide 
leaf of medium length whereas K y  E x  42 has a long, 
narrow leaf. Also, the angle between the leaf midrib 
and the stalk is much wider for K y  E x  42. This gives 
the droopy characteristic of K y  Ex  42 contrasted 
with the semi-upright position of the leaf on K y  14. 
In addition to these morphological differences which 
can be attributed primarily to qualitative factors 

Table 4. Additive genetic (7~), self error (Yle), and full-sib error (72~) correlations 
and phenotypic correlations of self (71v), half-sib (Trap), and full-sib (7I~) families 

Characters 
Correlations 

7a 71, 7'2, 71p 7h2v 7.~2v 

Yield-alkaloids --0.44* --0.15 --0.09 0.12 --0.15 --0.14 
Yield-flowers 0.47* --0.49* --0.41" --0.01 0.18 --0.06 
Yield-leaves 0.54* 0.37* 0.30* 0.29* 0.40* 0.36* 
Yield-height 0.28 0.49* 0.52* 0.40* 0.33* 0.45* 
Alkaloids-flowers --0.04 --0.05 0.13 0.03 --0.11 --0.06 
Alkaloids-leaves --0.22* --0.I0 --0.05 --0.03 --0.06 --0.02 
Alkaloids-height 0.32 --0.13 --0.21" --0.07 0.03 --0.02 
Flowers-leaves 0.21" --0.35* --0.22* 0.18 0.10 --0.0t 
Flowers-height --0.17 -0.65* --0.36* --0.12 --0.20 --0.33* 

Leaves-height 0.43* 0.37* 0.33* 0.19 0.28* 0.28* 

* Covariance or mean product larger than twice its standard error. 

Estimates of additive genetic, phenotypic, and 
environmental correlations are shown in Table 4. 
Most of the significant additive genetic and phenoty- 
pic correlations between pairs of the agronomic cha- 
racters (yield, days to flower, plant height, and num- 
ber of leaves) were positive. An increase in one of the 
traits by  selection would also increase the others. The 
additive genetic correlation between yield and alka- 
loids was --0.44, and number of leaves was negatively 
correlated with total  alkaloids (--0.22). 

For environmental factors, the error correlations 
indicated that  positive and significant relationships 
existed among yield, plant height, and number of 
leaves. Negative relationships were found between 
days to flower and yield, number of leaves, and plant 
height. Plant height was negatively correlated with 
alkaloids in the full-sib families. 

The progress expected from selecting and recom- 
bining the best t0% of the F 2 plants is given in Table 5. 

(Humphrey, Matzinger, and Mann, t965), the varie- 
ties differed in yield and % total alkaloids. 

The mean performance of the F 1, F~, and full-sib 
families were similar to each other and to the mid- 
parent for all characters. This indication of an ab- 
sence of nonadditive variance was also reflected in 

Table 5. Expected progress from selecting and re- 
combining the best ~o% of the F 2 plants 

Expected progress expressed in 

Character Original % of biparental 
units progeny mean 

Yield 11.33 8.65 
Alkaloids 0.19 4.31 
Days to flower 3.35 4.78 
No. of leaves 0.89 4.08 
Plant height 4.69 4.38 
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est imates of genetic variances where all significant 
values were caused b y  additive gene action. 

The presence and/or importance of nonaddit ive 
genetic variance in populat ions of burley tobacco is 
questionable. Diallel studies with released varieties 
have indicated the presence of some significant esti- 
mates  of specific combining ability, heterosis, and 
inbreeding depression. However,  the relative magni-  
tude of specific combining abili ty to general combin- 
ing abili ty and the magni tude of heterosis and in- 
breeding depression have been small. In the present 
s tudy and two other experiments  (Legg and Collins, 
~97tb, t97tc)  designed to est imate a~, am, and 
a~a, dominance and additive • addit ive variances 
have been nonsignificant. These la t ter  studies were 
conducted with crosses involving varieties and a 
breeding line from the three major  burley breeding 
programs in the United States. K y  t0, Ky  t2, Ky  t4, 
and K y  Ex 42 are three recently released varieties 
and an advanced breeding line from the Kentucky  
breeding program. Burley 21 represents one of the 
more widely used varieties from Tennessee, and 
Va B-29 is a recent release from Virginia. The three 
experiments have been conducted with populations 
f rom K y  t0 • Burley21,  Va B-29 • Ky  l2, and 
K y  14 • Ky  Ex  42. These part icular  crosses were 
used to represent crosses between two Kentucky  
lines, a Kentucky  line and a TenneSsee line, and a 
Ken tucky  line and a Virginia line. Thus, da ta  from 
these populat ions should provide conclusive infor- 
mat ion about  genetic variances in crosses between 
advanced breeding lines. The importance of non- 
addit ive genetic variance for quant i ta t ive  characters 
in such populat ions appears to be nil. 

The predominance of additive genetic variance in 
burley populat ions suggests the use of breeding 
methods tha t  lead to the production of pure lines. 
Under these conditions, the critical factor becomes 
the choosing of populations with sufficient genetic 
variance to permit  good progress from selection. In  
selecting a population for improvement ,  the amount  
of variance is most impor tant ,  but  the level of per- 
formance is also important .  If  one can choose ahighly 
variable population with good performance,  progress 
toward improved varieties is expected to be highest. 
If  one must  choose a lower level of performance,  then 
a large amount  of the var ia t ion m a y  have to be used 
to acl~ieve the performance level of advanced varie- 
ties. 

The expected progress in the present populat ion 
from one cycle of selection among the F~ plants  
ranged from 4.0% for number  of leaves to 8.6% for 
yield. These values are intermediate in relation to 
those reported for other crops. If  this  amount  of pro- 
gress could be realized in the initial cycle of selection 
and if further cycles could be conducted with com- 
parable progress, then the populat ion would be a 
valuable source of germplasm from which to obtain 
improved varieties. 

The general lack of genotype • environmental  
interaction in this populat ion is in general agreement 
with other studies conducted in Kentucky.  I t  would 
appear  tha t  max imum information can be obta ined 
by  test ing a max imum number  of progenies ra ther  
than  increasing test ing environments or replications. 
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