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Summary. The relative breeding value of first division restitution (FDR) and second division restitution (SDR) 2n 
male gametes from diploids, and n (2x) gametes from tetraploids were compared. This was done by measuring 
tuber yield of 105 4x families obtained from 4x • 2x (FDR), 4x x 2x (SDR), and 4x x 4x crosses at two locations. 
All tetraploid families obtained from 4x • 2x (FDR) matings exhibitedheterosis (the mean of the F • exceeded that 
of the higher yielding parent), and outyielded other tetraploid families and 4x cultivars at both locations. The tufter 
yield of 4x x 2x (SDR) families was higher than that of the families derived from 4x • 4x matings, although the 
2x parents had significantly lower yield than tetraploid parents. Specific combining ability (S.C.A.) was found to 
be significant when families obtained from each category (4x • FDR, 4x x SDR and 4x x 4x) were analyzed in- 
dividually. Both general combining ability (G.C.A.) (2x) and S.C.A. were significant when families obtained 
from: I) 4x x FDR plus 4x • SDR; 2) 4x • FDR plus 4x • 4x; and 3) all categories, were analyzed. OnlyS.C.A. 
was found to be significant when 4x • SDR and 4x • 4x families were analyzed together. Consistent results were 
obtained at each of, and over, the two locations. These results strongly demonstrated that FDR gametes were su- 
perior in breeding value to either SDR or n (2x) gametes, and were more homogeneous. Gametes formed by SDR 
might be superior to n (2x) gametes although they were as heterogeneous. Distinct yield differences between 
4x x FDR and 4x X SDR families plus the significant G.C.A. (2x) detected when these two categories were com- 
pared, substantiated the cytological interpretation of genetically distinct modes of diplandroid formation. 

Int ro duction 

Three  m e c h a n i s m s  of d ip landro id  (2n pol len)  f o r m a -  

t ion in diploid po ta toes  have  been d i s c o v e r e d  (Mok and 

Pe loquin  1972).  One m e c h a n i s m ,  t e r m e d  p a r a l l e l  sp ind les  

( p s ) ,  is c h a r a c t e r i z e d  by p a r a l l e l  Ana II sp ind les  in-  

s t ead  of the sp ind les  having an angle  of a p p r o x i m a t e l y  60 

d e g r e e s  to each o ther  as in n o r m a l  m i c r o s p o r o g e n e s i s .  

A s ing le  c l e a v a g e - f u r r o w  at the end of the 2nd m e i o t i c  

d iv i s ion  f o r m s  a dyad which g ives  r i s e  to two 2n m i c r o -  

s p o r e s .  Dip landro ids  f o r m e d  by ps a r e  gene t i ca l l y  equ iv -  

a lent  to f i r s t  d iv i s ion  r e s t i t u t ion  (FDR)  g a m e t e s  (Mok 

and Pe loqu in  1974).  The gene t ic  s i gn i f i cance  of FDR ga-  

m e t e s  is  that al l  h e t e rozygous  loci  f r o m  the c e n t r o m e r e  

to the f i r s t  c r o s s o v e r  and one -ha l f  of the h e t e r o z y g o u s  

loci  be tween  the f i r s t  and the second  c r o s s o v e r  in the 

paren t  will  be h e t e r o z y g o u s  in the g a m e t e .  The o the r  

two m e c h a n i s m s  of 2n pol len  f o r m a t i o n ,  p r e m a t u r e  c y -  

t ok ines i s  1 (pc 1) and p r e m a t u r e  cy tok ines i s  2 (pc 2 ) ,  

f o r m  d ip landro ids  by o m i s s i o n  of the 2nd m e i o t i c  d iv i -  

s ion .  D ip landro ids  f o r m e d  by pc 1 and pc 2 a r e  gene -  

t i c a l l y  equ iva len t  to second  d iv i s ion  r e s t i t u t i on  (SDR) 

g a m e t e s .  All he t e rozygous  loci  f r o m  the c e n t r o m e r e  to 

the f i r s t  c r o s s o v e r  in the paren t  will  be h o m o z y g o u s ,  

and those  be tween  the f i r s t  and the second  c r o s s o v e r  

will  be h e t e r o z y g o u s ,  in the SDR g a m e t e s .  

The s ign i f i cance  of d ip landro ids  f o r m e d  by FDR in 

potato b r eed ing  is  that they p rov ide  a unique method  of 

t r a n s f e r r i n ~  a l a r g e  p ropor t i on  of the non-add i t ive  ge -  

netic effects (intra- and interlocus interactions) from 

parent to offspring. In contrast, normal meiotic pro- 

ducts of diploids are only capable of transmitting large- 

ly additive effects. Meiotic products of a tetraploid con- 

serve a certain amount of intralocus interactions (he- 

terozygosity), because there are two alleles per locus 

in the gametes. But the amount of heterozygosity trans- 

mitted depends mainly on the genetic constitution of the 

tetraploid at each locus (whether it is tetrallelic, trial- 

lelic or diallelic, etc. ), chromosome pairing and the 

nature of the tetraploid. The other portion of the non- 

additive effect, namely interlocus interactions (epi- 

stasis) will still be disrupted through meiosis. Mendi- 

buru (1971) studied the relative importance of differ- 

ent genetic effects on tuber yield, and he found that 

non-additive effects were the major component. This 

finding together with the unique nature of FDR gametes, 

transferring nonadditive genetic effects, illuminated 

the importance of FDR gametes in potato breeding. The 

hypothesis of the superiority of FDR gametes in breed- 

ing provided the explanation for the high tuber yield of 

tetraploid families obtained from 4x • 2x (FDR) mat- 

ings (Mendiburu and Peloquin 1971, Kidane-Mariam and 

Peloquin 1972). 

Interpretation of the results obtained by Mendiburu 

also provided a possible explanation for the superiority 

of tetraploids over diploids in tuber yield. Since the 

number of alleles per locus is limited to two in a di- 

ploid, the number of possible intra- and inter-locus in- 
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teractions are far smaller than that of a tetraploid 

(Mendiburu, Peloquin and Mok 1974). And since non- 

additive genetic effects are the essential component of 

tuber yield, the relatively higher number of genetic in- 

teractions possible in a tetraploid makes it more desir- 

able than a diploid. The effectiveness of 2n gametes in 

synthesizing superior tetraploids, with regard to ma- 

ximizing heterozygosity and epistasis, is obviously 

higher than obtaining tetraploids by colchicine doubling. 

For with the latter, the subsequently formed tetraploid 

is limited to two alleles per locus, so the number of in- 

tra- and inter-locus interactions will be fewer. The basis 

of the desirability of FDR 2n gametes in breeding was 

partly substantiated by Mendiburu' s studies ( 197 I). 

However, the relative advantage of FDRgametes in con- 

trast to SDR gametes in breeding is not known. 

Although SDR gametes are less desirable than FDR 

gametes in conserving non-additive genetic interactions, 

they may still be more advantageous in potato improve- 

ment than the normal meiotic products of tetraploids 

because they theoretically transfer more intra- and in- 

ter-locus interactions from parent to offspring than 

normal n (2x) gametes of tetraploids (Mendiburu, Pe- 

loquin and Mok 1974). 

The relative breeding values of 1) FDR and SDR, 

and 2) SDR and n (2x) gametes can now be experiment- 

ally approached, since clones that produce FDR and SDR 

diplandroids exclusively have been identified (Mok and 

Peloquin 1973). This paper deals with these problems 

by comparing tuber yield of tetraploid families obtained 

from 4x• 2x (FDR), 4x)< 2x (SDR) and 4x• 4x mat- 

ings. 

M a t e r i a l s  a n d  M e t h o d s  

F o r m a t i o n  of  4x f a m i l i e s  

N i n e  t e t r a p l o i d  c u l t i v a r s  ( 2 n  = 4x = 48)  a s  f e m a l e  p a -  
r e n t s  ( W 2 3 1 , W 6 2 3 , W 6 2 9 , W 6 3 9 , W 6 4 3 ,  M e r r i m a c k ,  N o r -  
l a n d ,  P l a t t e  a n d  S u p e r i o r )  w e r e  c r o s s e d  to  f o u r  F D R  
( J I - 9 ,  I J - 1 2 ,  I F - 8 ,  a n d  I F - 1 0 )  a n d  f o u r  SDR ( I F - l ,  
I J - 2 5 ,  I J - 3 1  a n d  L I - 1 2 )  d i p l o i d s  ( 2 n  = 2x = 24)  in  
4x x 2x m a t i n g s .  The  n i n e  c u l t i v a r s  w e r e  a l s o  i n t e r -  
m a t e d  in  a l l  p o s s i b l e  c o m b i n a t i o n s  to  p r o d u c e  36 t e t r a -  
p l o i d  f a m i l i e s .  Th e  t e t r a p l o i d  c u l t i v a r s  r e p r e s e n t  
S. tuberosur~ m a t e r i a l s  a n d  t h e  e i g h t  d i p l o i d s  a r e  P h u -  
r e j a - h a p l o i d  T u b e r o s u m  h y b r i d s .  

T h e s e  c r o s s e s  w e r e  m a d e  in  1972 a n d  s e e d s  w e r e  
g e r m i n a t e d  a n d  s e e d l i n g s  t r a n s p l a n t e d  i n t o  t h e  f i e l d  
to  o b t a i n  t u b e r s  in  R h i n e l a n d e r  in  1973 .  T w e n t y  c l o n e s  
w i t h  f o u r  u n i f o r m  s i z e  t u b e r s  w e r e  s e l e c t e d  f r o m  e a c h  
f a m i l y .  F i v e  f a m i l i e s  ( W 2 3 1  x I J - 1 2 ,  P l a t t e  • S u p e r i o r ,  
P l a t t e  X N o r l a n d ,  S u p e r i o r  X N o r l a n d  a n d  N o r l a n d  • 
M e r r i m a c k )  h a d  l e s s  t h a n  20 c l o n e s  t h a t  s a t i s f i e d  t h i s  
r e q u i r e m e n t ,  a n d  t h e y  w e r e  not  i n c l u d e d  in  t h e  y i e l d  
t r i a l .  

Field design 

Each family consisted of 20 randomly picked clones 
(with regard to yield). These clones were planted in 
two replications in each of the two locations (Hancock 
Experimental Farm and Rhinelander Experimental 
F arm ). 

There were 71 4x families obtained from 4x • 2x 
crosses, and 32 4x families generated from 4x - 4x 
crosses. In addition, all of the 17 parental clones (both 
4x and 2x) were included. Each family was considered 
as one entry, and clones within each entry and entries 
were planted according to a randomized complete block 
design. The spacing between rows was 36 inches and 
between plants in a row was 18 inches at Hancock and 
32 inches at Rhinelander. Tubers were harvested at 
Hancock after 134 days and at Rhinelander after 119 
days. 

Statistical analysis 

The tuber yield of each clone in each replication was 
measured and weighted to the closest I/4 lb. The fa- 
mily mean in each replication was used for statistical 
analysis. The yield of the five missing families was es- 
timated using methods described by Steel and Torrie 
(1960) for missing plots. These estimates do not add 
further information to the experiment but facilitate the 
statistical analysis. 

Two-way analysis of variance was performed on 
values obtained from each location. A three-way anal- 
ysis of variance model was used to analyze the values 
obtained over two locations. Seven analyses of variance 
for data obtained at each location were made: (I) one 
analysis for the 108 families; (2) three analyses for 
each category of 36 4x families (4x • FDR, 4x • SDR, 
and 4x • 4x) ; and (3) three analyses for comparing the 
three categories pair-wise (4x • FDR with 4x • SDR, 
4x• FDR with 4x• 4x, and 4x• SDR with 4x• 4x), 
72 families in each analysis. For the sake of con- 
venience, 4x x FDR families will be designated as ca- 
tegory 1 and those from 4xX SDR and 4x• 4x are de- 
signated as categories 2 and 3, respectively. Combining 
abilities in each analysis of variance were partitioned. 
Data obtained from both locations were combined and 
analyzed in the same subclasses. 

Result s 

Results of the yield trial at Hancock are presented as 

averages of family means from two reps, in Table I. 

The mean yields of the parental clones are also included 

in this table. Tuber yield of tetraploid families obtained 

from 4x • FDR, 4x • SDR and 4x • 4x matingsarepre- 

sented in Table 2. It is obvious that families derived 

from 4x • FDR matings yielded (7.7 Ibs./hill) signifi- 

cantly higher than that of the families obtained from 

4x• SDR (5.1 Ibs./hill) and 4x• 4x (4.6 Ibs./hill) 

matings at Hancock. Tuber yield of 4x X SDR families 

was higher than, but not significantly, that of the 4x • 4x 

families. Heterosis (mean yield of the family higher 

than the highest parent) in tuber yield was observed in 

every 4x • FDR family, but in none of the 4x • SDR or 

4x x 4x families. 

Partitioning of the genotypic differences (differences 

due to families) into general and specific combining 
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T a b l e  1. T u b e r  y i e l d s  ( l b s . / h i l l ) ,  a s  a v e r a g e s  of  f a m i l y  m e a n  f o r  two r e p S ,  of  4x f a m i l i e s  o b t a i n e d  f r o m  4x • 2x 
( F D R )  ~ 4x x 2x ( S D R )  a n d  4x X 4x m a t i n 6 s  ~ a n d  p a r e n t s  a t H a n c o c k  

P a r e n t  2x ( F D R )  2x ( S D R )  4x 
i 

J I - 9  I J - 1 2  I F - 8  I F - 1 0  I F - 1  I J - 2 5  I J - 3 1 L I - 1 2  W231 W623 W629  W639 W643 M e r r '  N o r .  P l a t .  S u p .  
3 . 7  2 . 1  1o5 2 . 4  1 . 4  2 . 1  2 . 2  3 . 2  6 . 0  5 . 7  4 . 7  5 . 0  6 . 1  4 . 6  4 . 8  4 . 6  5 . 1  

p 

W231 7 . 5  ( 7 . 6 ) 7 . 2  7 . 9  5 . 1  4 . 5  5 . 1  5 . 0  5 . 4  4 . 8  5 . 1  5 . 1  4 . 4  4 . 0  4 . 6  4 . 9  
6 . 0  
W623  6 . 7  8 . 3  8 . 5  8 . 3  5 . 1  5 . 0  5 . 1  5 . 1  5 . 4  4 . 0  5 . 2  5 . 2  4 . 2  4 . B 4 . 9  4 . 7  
5 . 7  
W629 7 . 5  7 . 2  7 . 1  6 . 9  5 . 2  5 . 5  5 . 0  4 . 9  4 . 8  4 . 0  4 . 7  5 . 3  4 . 3  4 . 3  4 . 4  5 . 2  
4 . 7  
W639 7 . 6  7 . 9  8~  8 . 0  5 . 3  4 . 7  5 . 5  5 . 0  5 . 1  5 . 2  4 . 7  5 . 0  5 . 0  4 . 6  5 . 7  3 . 8  
5 . 0  
W643  7 . 4  7 . 9  8 . 3  7 . 9  5 . 3  5 . 3  4 . 5  4 . 7  5 . 1  5 . 2  5 . 3  5 . 0  4 . 7  4 . 4  5 . 0  3 . 5  
6 . 1  
M e r r .  7 . 3  7 . 1  7 . 1  7 . 3  5 . 0  5 . 2  4 . 4  5 . 3  4 . 4  4 . 2  4 . 3  5 . 0  4 . 7  ( 4 . 3 )  4 . 8  4 . 3  
4 . 6  
N o r .  7 . 6  7 . 9  7 . 8  6 . 2  5 . 7  4 . 5  5 . 1  5 . 0  4 . 0  4 . 6  4 . 3  4 . 6  4 . 4 ( 4 . 3 )  ( 4 . 1 ) ( 4 . 2 )  
4 . 8  
P l Y .  7 . 1  8 . 3  7 . 8  8 . 2  5 . 7  4 . 9  5 . 3  5 . 5  4 . 6  4 . 9  4 . 4  5 . 7  5 . 0  4 . 8  4 . 1  ( 3 . 9 )  
4 . 6  
S u p .  8 . 3  8 . 5  8 . 1  7 . 6  5 . 1  5 . 0  5 . 0  4 . 9  4 . 9  4 . 7  5 . 2  3 . 8  3 . 5  4 . 3  ( 4 . 2 ) ( 3 . 9 )  
5 . 1  

M e a n  7 . 4  7 . 8  7 . 8  7 . 6  5 . 3  5 . 0  5 . 0  5 . 0  4 . 8  4 . 8  4 . 7  4 . 6  4 . 8  4 . 4  4 . 4  4 . 7  4 . 2  

A v e r a g e  t u b e r  y i e l d  of  p a r e n t s  a t  H a n c o c k  

P a r e n t  J I - 9  I J - 1 2  I F - 8  I F - 1 0  I F - 1  I J - 2 5  I J - 3 1  L I - I 2  W231 W623 W629 W639 W643 M e r r .  N o r .  P l a t .  Sup .  

Y i e l d  3 . 7  2 . 1  1 .5  2 . 4  1 . 4  2 . 7  2 . 2  3 . 2  6 . 0  5 . 7  4 . 7  5 . 0  6 . 1  4 . 6  4 . 8  4 . 6  5 . 1  

M e a n  F D R  p a r e n t s  SDR p a r e n t s  T e t r a p l o i d  p a r e n t s  

2 . 7  2 . 4  5 . 2  

T a b l e  2 .  T u b e r  y i e l d  ( l b s . / h i l l ) ,  a s  a v e r a g e s  of  
r e n t s ~  f r o m  4 x x  2x ( F D R ) ~  4 x x  2x ( S D R )  a n d  

P a r e n t  L o c a t i o n  W231  W623 W629 

f a m i l y  m e a n s ,  of  t e t r a p l o i d  f a m i l i e s  b y  c a t e g o r y  of  m a l e  p a -  
4x • 4x m a t i n g s  

W639 W643  M e r r .  N o r .  P l a t .  S u p .  M e a n  

Har t .  7 . 6  8 . 0  7 . 2  7 . 9  7 . 9  7 . 2  7 . 4  7 . 9  8 . 1  7 . 7  
F D R  ( 2 x )  R h i .  4 . 5  4 . 6  4 . 2  4 . 3  4 . 0  4 . 2  3~8 4 . 6  4 . 6  4 . 3  

To t .  6 . 1  6 . 3  5 . 7  6 . 1  6 . 0  5 . 7  5 . 6  6 . 2  6 . 4  6 . 0  
I 

H a n .  4 . 9  5 . 0  5 . 2  5 . 1  5 . 0  5 . 0  5 . 1  5 . 4  5 . 0  5 . 1  
S D R ( 2 x )  R h i .  3 . 0  3 . 4  3 . 1  3 . 1  3 . 0  3 . 0  3 . 0  3 . 7  3 . 6  3 . 2  

Tot. 3.9 3.9 4.2 4.1 4.0 4.0 4.0 4.6 4.3 4.1 

Han. 4.8 4.8 4.6 4.9 4.8 4.5 4.6 4.7 4.3 4.6 
Cult. (4x) Rhi. 3.8 3.4 3.0 3.0 3.2 2.9 3.1 2.9 2.7 3.2 

Tot. 4.3 4.1 3.8 4.0 4.0 3.7 3.7 3.8 3.5 3.9 

Han. (Hancock), Rhi. (Rhinelander), Tot. (both locations). 

abilities is meaningful, since significant differences be- 

tween families were observed in all seven analyses 

(Tables 3-5). When each category of 36 families was 

analyzed (Table 3), no significant general combining 

ability (G.C.A.) was observed. Genotypic differences 

within each category were due to specific combining 

ability (S.C.A.). However, when categories 1 and 2 

were analyzed together (Table 4), both G.C.A. (2x) 

and S.C.A. were highly significant. Similarly, sight- 

ficant G.C.A. (2x) and S.C.A. were observed when 

families of categories 1 and 3 were analyzed together 

(Table 4). However, significant contributions of S. C. A. 

only, were detected when families from categories 2 

and 3 were analyzed (Table 4). The G.C.A. was not 

responsible for the significant differences between fa- 

milies. When families of all three categories were anal- 

yzed together, not unexpectedly, both G.C.A.of diploid 

parents and S.C.A. were significant (Table 5). 
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Table 3. Summarized results of analysis of variance (mean squares, means and L.S.D. ) of 36 families from: 
(I) 4x x FDR, (2) 4x x SDR, and (3) 4x x 4x matings for tuber yield 

4 x X F D R  f a m i l i e s  ( c a t e g o r y  1) 4 x X S D R  f a m i l i e s  ( c a t e g o r y  2) 4 x •  f a m i l i e s  ( c a t e g o r y  3) 

two two two 
S o u r c e  DF  H a n .  R h i n e .  l o c a t i o n s  DF H a n .  R h i n e .  l o c a t i o n s  DF H a n .  R h i n e .  l o c a t i o n s  

F a m i l y  35 0 . 5 9  *r 0 . 3 8  #@ 0 . 6 0  ~ 35 0 . 2  0 . 3  @# 0 . 3 2  ~ 35 0 . 4 9  #~ 0 . 5 6  ~ 0 . 8 3  ## 

G . C . A .  ( 2 x )  3 0 . 0 6  0 . 0 7  0 . 0 7  3 0 . 0 2  0 . 0 0 7  0 . 0 3  

G . C . A .  ( 4 x )  8 0 . 2 4  0 . 1 4  0 . 0 5  8 0 . 0 3  0 . 1 5  0 . 0 0 3  8 0 . 0 8  0 . 0 7  0 . 1 1  

S.C.A. 24 0.78 ~H~ 0.50 ~ 0.86 ~*~ 24 0.28 0.39 ~ 0.46 ~ 27 0.61 ~*~ 0.7 ~ 1.04 ~ 

Error 35 0.24 0.08 0.18 35 0.14 0.11 0.09 35 0.17 0.21 0.18 

Mean a 7.65 4.26 5.96 5.07 3.21 4.14 4.59 3.02 3.82 

L.S.D a �9 5~o 0 . 9 9  0 . 5 9  0 . 8 6  0 . 7 6  0 . 6 8  0 . 6 2  0 . 8 2  0 . 9 4  0 . 8 7  

L . S . D .  a l~  ~ 1 . 3 3  0 . 7 9  1 .15  1 . 0 2  0 . 9 1  0 . 8 4  1 . 1 0  1 .26  1 . 1 8  

a l b s / h i l l  

Table 4. Summarized results of  analysis of variance (mean squares, means and L.S.D. ) of 72 families obtained 
from: (I) 4xXFDR and 4xx SDR~ (2) 4xx FDR and 4xx 4x~ and (3) 4xxSDR and 4x• 4x families 

(I) 4xxFDR and 4xx SDR (2) 4xxFDR and 4xx4x (3) 4x• and 4x• 

two two two 
S o u r c e  DF H a n .  R h i n e .  l o c a t i o n s  DF H a n .  R h i n e .  l o c a t i o n s  DF H a n .  R h i n e .  l o c a t i o n s  

F a m i l y  71 3 . 8 6  **~ 0 . 8 9  a~ 3 . 8 2  ~ 71 5 . 1 9  ~ 1 .26  ~ 5 . 3 5  ~ 71 0 . 4 4  ~ 0 . 4 5  ~ 0 . 6 7  ~*~ 

G . C . A . ( 2 x )  7 3 . 8 9  ~ 0 . 6 5  ~ 4 . 3 8  ~ 3 7 . 4 4  ~ 2 . 3 6  ~ 5 . 3 6  ~ 3 0 . 2 4  0 . 1 7  0 . 3  

G . C . A ,  ( 4 x )  8 0 . 0 6 7  0 . 1 4  0 . 2 0  8 0 . 0 9  0 . 2 5  0 , 2 4  8 0 . 0 3  0 . 0 2  0 , 1 6  

S . C . A ,  56 4 . 4  #~ 1 . 0 3 2  4 . 3 5  ~ 60 5 . 7 6  ~ 1 . 3 3  ~ 6 . 0 3  ~*~ 60 0 . 5 2  ~ 0 . 5 1  #~ 0 . 7 6  ~*~ 

E r r o r  71 0 . 2 8  0 . 1 8  0 . 1 4  71 0 . 3 5  0 . 2  0 . 1 9  71 0 . 1 5  0 , 1 7  0 . 1 5  

M e a n  a 6 . 3 6  3 . 7 2  5 . 0 5  6 . 1 2  3 . 6 4  4 . 8 9  4 . 8 3  3 . 1 2  3 . 9 8  

L . S . D . a 5 ~  ~ 1 . 0 6  0 . 8 4  0 . 7 4  1 .19  0 . 9  0 . 8 9  0 . 7 8  0 . 8 2  0 . 7 8  

L . S . D . a l ~  1 . 4 1  1 . 1 3  0 . 9 8  1 . 5 8  1 .2  1 . 1 8  1 . 0 4  1 .09  1 . 0 3  

a l b s / h i l l  

T a b l e  5 .  S u m m a r i z e d  r e s u l t s  of  a n a l y s i s  of  v a r i a n c e  ( m e a n  s q u a r e s ,  m e a n s  a nd  L . S . D .  
f r o m  4x • F D R ~  4x x SDR a n d  4x x 4x m a t i n ~ s  f o r  t u b e r  y i e l d  

S o u r c e s  DF H a n c o c k  R h i n e l a n d e r  

) of  108 f a m i l i e s  o b t a i n e d  

2 l o c a t i o n s  

F a m i l y  107 4 . 0  ~ 1 .01  ~ 4 . 1 7  ~ 

G .  C .  A .  ( 2 x )  7 7 . 6 1  ~a 1 .09  ~ 7 . 3 9  ~ 

G . C . A .  ( 4 x )  8 0 . 1 6  0 . 2 1  0 . 3 0  

S .  C .  A .  92 4 . 1 7  ~ 1 .07  ~ 4 . 2 6  ~ 

E r r o r  107 0 . 2 9  0 . 1 9  0 . 1 6  

M e a n  a 5 . 7 7  3 . 4 9  4 . 6 4  

L . S . D . a S ~  1 .08  0 . 8 7  0 . 8 0  

L . S . D . a l ~  1 .45  1 . 1 4  1 .06  

a l b s / h i l l  
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Table 6. Tuber  y ie ld  ( l b s . / h i l l ) ,  as  a v e r a g e s  of f ami ly  mean  fo r  two r e p s ,  of 4x f a m i l i e s  obta ined f r o m  4x • 2x 
(FDR)  ~ 4x • 2x (SDR) and 4x x 4x matings~ and p a r e n t s  at Rh ine lande r  

P a r e n t  2x (FDR)  2x (SDR) 4x 

J I -9  I J -12  I F - 8  I F - I O  IF -1  I J -25  I J -31  LI-12 W231 W623 W629 W639 W643 M e r r .  N o r .  P l a t .  Sup. 
1.4 1.4 1.3 1.4 1.0 1.4 1.4 1.6 3.2 3.3 3.4 4 .1  5 .2  2.9 3.5 3.7 2.9 

W231 4.2 (4.5) 3.9 5.5 3.0 3.3 3.0 2.7 3.4 2.7 4.4 3.5 3.8 3.4 3.5 2.7 
3.2 
W623 4.6 4.6 4.4 4.5 3.3 3.4 3.5 3.2 3.4 2.8 3.0 4.2 2.8 4.0 3.3 3.1 
3.3 
W629 4.0 3.9 4.7 4.3 3.5 3.3 2.9 2.8 2.7 2.8 2.8 2.1 2.9 2.4 2.0 4.0 
3.4 
W639 4.5 4.5 3.9 4.2 3.6 2.3 3.5 3.2 4.4 3.0 2.8 3.3 3.0 2.9 3.2 2.7 
4.1 
W643 4.2 3.9 3.8 4.2 3.0 3.5 2.4 3.1 3.5 4.2 3.1 3.3 2.7 3.2 3.0 2.4 
5.2 
Merr. 4.5 4.2 4.0 4.2 2.7 2.8 3.4 3.1 3.8 2.8 2.9 3.0 2.7 (2.3) 3.0 2.0 
2.9 
Nor. 4.6 4.3 2.8 3.6 3.1 2.9 2.4 3.2 3.4 4.0 2.4 2.9 3.2 (2.3) (2.9) (2.7) 
3.5 
Plat. 4.2 5.0 4.6 4.4 3.4 3.8 4.1 3.5 3.5 3.3 2.0 3.2 3.9 3.0 (2.9) (2.6) 
3.7 
Sup. 4.4 5.1 4.3 4.6 3.4 3.8 3.1 3.9 2.7 3.1 4.0 2.7 2.4 2.0 (2.7) (2.6) 
2.9 

Mean 4 .4  4 .5  4 .0  4 .2  3.2 3.3 3.1 3.2 3.4 3.2 3.2 3 .0  2.7 2 .8  2.9 2.9 2 .8  

A v e r a g e  tube r  y ie ld  of pa r en t s  at Rh ine lande r  

P a r e n t  J I -9  I J -12  I F - 8  IF -10  I F - 1  I J -25  IJ-31 LI-12 W231 W623 W629 W639 W643 M e r r .  N o r .  P l a t .  Sup. 

Yie ld  1.4 1.4 1.3 1.4 1.0 1.4 1.4 1.6 3.2 3.3 3.4 4 .1  5.2 2.9 3.5 3.7 2.9 

Mean FDR pa ren t s  SDR pa ren t s  Te t rap lo id  pa r en t s  

1.4 1.3 3 .6 

Resu l t s  obta ined  at Rh ine lander  w e r e  cons i s t en t  with 

those  obta ined  at Hancock .  Ca tegory  1 had s ign i f i can t ly  

h i g h e r  y ie ld  (4 .3  l b s . / h i l l )  than c a t e g o r y  2 (3 .2  l b s . /  

h i l l )  and c a t e g o r y  3 (3 .0  l b s . / h i l l )  (Table 2 ) .  Tuber  

y ie ld  of the t e t r ap lo id  p a r e n t s  was h i g h e r  than that of 

the diploid p a r e n t s  (Table 6 ) .  These  r e s u l t s  can be s u m -  

m a r i z e d  as fo l lows:  (1) tube r  y ie ld  of t e t r ap lo id  f a m i -  

l i e s  of c a t e g o r y  1 was s ign i f i can t ly  h ighe r  than that of 

c a t e g o r i e s  2 and 3 (Table 6) ; (2) a v e r a g e  tube r  y ie ld  

of f a m i l i e s  of c a t e g o r y  2 was h igher  than that of c a t e -  

go ry  3, but the d i f f e r ence  was not s ign i f i can t ;  (3) s i gn i -  

f icant  d i f f e r e n c e s  in tube r  y ie ld  be tween  f a m i l i e s  of the  

s a m e  c a t e g o r y  w e r e  o b s e r v e d  (Table 3) ; (4) g e n e r a l  

combin ing  ab i l i t i e s  of pa r en t a l  c lones  within each  c a t e -  

go ry  w e r e  not s igni f icant  ; only S . C . A .  con t r ibu ted  to 

the d i f f e r e n c e s  be tween  f a m i l i e s  ; (5) both S. C .A .  and 

G . C . A .  (2x) w e r e  s ign i f ican t  when f a m i l i e s  of c a t e g o -  

r i e s  1 and 2, and 1 and 3 w e r e  ana lyzed  t o g e t h e r ;  (6) 

only S . C . A .  was s ign i f ican t  when c a t e g o r i e s  2 and 3 

w e r e  ana lyzed  (Table 4) ; both S . C . A .  and G . C . A .  (2x) 

w e r e  s ign i f ican t  when a l l  t h r e e  c a t e g o r i e s  w e r e  ana lyzed  

t o g e t h e r  (Table 5 ) .  

A n a l y s e s  of data o v e r  two loca t ions  did not r e v e a l  

any i n c o n s i s t e n c i e s  with r e g a r d  to r e s u l t s  obta ined f r o m  

ana ly se s  at each  loca t ion  (Tables  2 and 7 ) .  The r e s u l t s  

a r e  s u m m a r i z e d a s f o l t o w s :  (1) t u b e r y i e l d  of 4x x F D R  

( 6 . 0  l b s . / h i l l )  f a m i l i e s  was s ign i f i can t ly  h i g h e r  than 

that  of 4 x x S D R  f a m i l i e s  ( 4 . 1 1 b s . / h i l l )  and 4 x x  4x 

f a m i l i e s  (3 .9  l b s . / h i l l )  (Table 2) ; (2) h e t e r o s i s  was 

o b s e r v e d  in a l l  4x x F D R  f a m i l i e s  (Table 7) ; (3) s i g n i -  

f icant  d i f f e r e n c e s  be tween  f a m i l i e s  within each  c a t e -  

gory  w e r e  due to spec i f i c  combin ing  ab i l i ty  of the pa-  

r en t s  (Table 3 ) ;  (4) b o t h G . C . A .  (2x) a n d S . C . A ,  w e r e  

s ign i f ican t  when f a m i l i e s  of c a t e g o r i e s  1 and 2, and 1 

and 3 w e r e  ana lyzed  in two s e p a r a t e  a n a l y s e s  (Table 4) ; 

(5) no s ign i f ican t  G . C . A .  was de t ec t ed  when f a m i l i e s  

f r o m  c a t e g o r i e s  2 and 3 w e r e  ana lyzed  (Tabl e 4 ) ,  only 

S . C . A .  of the p a r e n t s  was s igni f icant  (Table 4) ; (6) 

both S . C . A .  and G . C . A .  (2x) w e r e  found to be s ign i f i -  

cant when f a m i l i e s  of al l  t h r e e  c a t e g o r i e s  w e r e  ana lyzed  

(Table 5) ; (7) s ign i f ican t  genotype x e n v i r o n m e n t  in -  

t e r a c t i o n  was o b s e r v e d .  

D i s c u s s i o n  

The s u p e r i o r i t y  of FDR g a m e t e s  i n b r e e d i n g  as c o m p a r e d  

to e i t h e r  SDR g a m e t e s  o r  n (2x) g a m e t e s  of t e t r a p l o i d s  

is  apparen t  f r o m  the  r e s u l t s  p r e s e n t e d .  The a v e r a g e  tu -  
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T a b l e  7 .  
(FDR), 

Parent 
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T u b e r  y i e l d  ( l b s . / h i l l ) ,  a s  a v e r a g e s  of  f a m i l y  m e a n  f o r  two  r e p s ,  of 4x f a m i l i e s  o b t a i n e d  f r o m  4x x 2x 
4x X 2x ( S D R )  a n d  4x X 4x m a t i n 6 s  a n d  p a r e n t s  a t  b o t h  l o c a t i o n s  

2x ( F D R )  2x ( S D R )  4x 

J I - 9  I J - 1 2  I F - 8  I F - 1 0  I F - 1  I J - 2 5  I J - 3 1 L I - 1 2  W231 W623 W629 W639 W643 M e r r .  N o r .  P l a t .  Sup .  
2 . 5  1 . 7  1 . 4  1 .7  1 . 2  2 . 0  1 .8  2 . 4  4 . 6  4 . 5  4 . 4  4 . 6  5 . 7  3 . 8  4 . 2  4 . 2  4 . 0  

W231 5 . 9  ( 6 . 0 )  5 . 6  6 . 7  4 . 0  3 . 9  4 . 0  3 . 8  4 . 4  3 . 4  4 . 8  4 . 3  4 . 8  4 . 0  3 . 9  3 . 3  
4 . 6  
W623  5 . 6  6 . 5  6 . 3  6 . 4  4 . 2  4 . 2  4 . 3  2 . 8  4 . 4  3 . 8  4 . 1  4 . 7  3 . 4  4 . 3  4 . 1  3 . 9  
4 . 5  
W629 5 . 7  5 . 5  5 . 9  5 . 6  4 . 3  4 . 4  4 . 0  3 . 9  3 . 4  3 . 8  3 . 8  4 . 2  3 . 6  3 . 4  3 . 2  4 . 6  
4 . 1  
W639 6 . 0  6 . 2  5 . 9  6 . 1  4 . 5  3 . 4  4 . 5  4 . 1  4 . 8  4 . 1  3 . 8  4 . 1  3 . 8  3 . 7  4 . 5  3 . 2  
4 . 6  
W643  5 . 8  5 . 9  6 . 1  6 . 1  4 . 2  4 . 4  3 . 5  3 . 9  4 . 3  4 . 7  4 . 2  4 . 1  3 . 7  3 . 8  4 . 4  3 . 0  
5 . 7  
M e r r .  5 . 9  5 . 6  5 . 5  5 . 8  3 . 9  4 . 0  3 . 9  4 . 2  4 . 8  3 . 4  3 . 6  3 . 8  3 . 7  ( 3 . 3 )  3 . 9  3 . 2  
3 . 8  
N o r .  6 . 1  6 . 1  5 . 3  4 . 9  4 . 4  3 . 7  3 . 7  4 . 1  4 . 0  4 . 3  3 . 4  3 . 7  3 . 8  ( 3 . 3 )  ( 3 . 5 )  ( 3 . 5 )  
4 . 2  
P l a t .  5 . 7  6 . 7  6 . 2  6 . 3  4 . 6  4 . 4  4 . 7  4 . 5  3 . 9  4 . 1  3 . 2  4 . 5  4 . 4  3 . 9  ( 3 . 5 )  ( 3 . 2 )  
4 . 2  
Sup .  6 . 3  6 . 8  6 . 2  6 . 1  4 . 3  4 . 4  4 . 0  4 . 4  3 . 3  3 . 9  4 . 6  3 . 2  3 . 0  3 . 2  ( 3 . 5 ) ( 3 . 2 )  
4 . 0  

M e a n  5 . 9  6 . 2  5 . 9  5 . 9  4 . 3  4 . 1  4 . 0  4 . 1  4 . 0  4 . 0  4 . 0  

A v e r a g e  t u b e r  y i e l d  of p a r e n t s  at  b o t h  l o c a t i o n s  

P a r e n t  J I - 9  I J - 1 2  I F - 8  I F - 1 0  I F - 1  I J - 2 5  I J - 3 1  LI -12  W231 W623 W629 

Y i e l d  2 . 5  1 .7  1 .4  1 .7  1 .2  2 . 0  1 . 8  2 . 4  4 . 6  4 . 5  4 . 1  

Mean FDR parents SDR parents Tetraploid parents 

3 . 8  3 . 8  3 . 6  3 . 7  3 . 8  3 . 5  

W639 W643 M e r r .  N o r .  P l a t .  Sup .  

4 . 6  5 . 7  3 . 8  4 . 2  4 . 2  4 . 0  

1 .8  1 .9  4 , 4  

b e t  y i e l d  of 4x • F D R  f a m i l i e s  o v e r  two  l o c a t i o n s  w a s  

6 . 0  l b s . / h i l l  a s  c o m p a r e d  w i t h  4 . 1  l b s . / h i l l  of  4 x X S D R  

f a m i l i e s  a n d  3 . 9  l b s . / h i l l  of  4x x 4x f a m i l i e s .  T h e s e  

r e s u l t s  a r e  e v e n  m o r e  r e v e a l i n g  w h e n  t h e  t u b e r  y i e l d  

of  t h e  p a r e n t s  i s  c o n s i d e r e d  ( T a b l e  7 ) .  The  a v e r a g e  y i e l d  

of  t h e  f o u r  F D R  p a r e n t s  w a s  1 .8  l b s . / h i l l ,  w h i c h  i s  no t  

s i g n i f i c a n t l y  d i f f e r e n t  f r o m  t h a t  of  t h e  f o u r  SDR p a r e n t s  

( 1 . 9  l b s . / h i l l ) ,  a n d  f a r  l o w e r  t h a n  t h a t  of t h e  n i n e  c u l -  

t i v a r s  ( 4 . 4  l b s . / h i l l ) .  The  f a c t  t h a t  F D R  g a m e t e s  p r o -  

v i d e  s u c h  a n  i m p r o v e m e n t  i s  q u i t e  s u r p r i s i n g  b e c a u s e  

F D R  g a m e t e s  a r e  no t  a s  a d v a n t a g e o u s  i f  t h e y  a r e  no t  

g e n e r a t e d  b y  s u p e r i o r  g e n o t y p e s .  H o w e v e r ,  t h e  p r e s e n t  

e x p e r i m e n t  i n d i c a t e d  t h a t  F D R  g a m e t e s ,  o r  t h e  a m o u n t  

of  h e t e r o z y g o s i t y  a n d  e p i s t a s i s  t h e y  t r a n s m i t t e d ,  h a v e  a 

d e f i n i t e  a d v a n t a g e ,  e v e n  t h o u g h  t h e s e  F D R  p a r e n t s  a r e  

no t  s e l e c t e d  f o r  t u b e r  y i e l d .  T h e s e  e i g h t  p a r e n t a l  c l o n e s  

g e n e r a t i n g  F D R  a n d  SDR g a m e t e s  a r e  c l o s e l y  r e l a t e d  

( s o m e  of  t h e m  a r e  fu l l  s t b s ) ,  s o  t h e  g e n o t y p i c  d i f f e r -  

e n c e s  a m o n g  p a r e n t s  s h o u l d  not  a c c o u n t  f o r  t h e  t r e m e n -  

d o u s  d i f f e r e n c e s  o b s e r v e d  in  t h e  p r o g e n y .  The  d i f f e r -  

e n c e s  o b s e r v e d  b e t w e e n  4x • F D R  a n d  4x • SDR f a -  

parents, FDR gametes are very superior in terms of in- 

creased yield. 

The superiority of FDR gametes is not limited how- 

ever to this advantage alone. If we compare the progeny 

y i e l d  of  4x • F D R  w i t h  t h a t  of  4x • 4x f a m i l i e s ,  t h e  

a v e r a g e  y i e l d  of  t h e  t e t r a p l o i d  p a r e n t s  w a s  4 . 4  l b s . / h i l l  

w h i c h  i s  s i g n i f i c a n t l y  h i g h e r  t h a n  t h a t  of  t h e  F D R  p a r e n t s  

( 1 . 8  l b s . / h i l l ) .  F u r t h e r ,  t h e s e  t e t r a p l o i d s  a r e  h i g h l y  

s e l e c t e d  c l o n e s  a n d  r e p r e s e n t  s u p e r i o r  g e n o t y p e s .  The  

f a c t  t h a t  p r o g e n y  o b t a i n e d  f r o m  i n t e r m a t i n g  t h e s e  s u p e -  

r i o r  g e n o t y p e s  h a d  l o w e r  y i e l d s  ( 3 . 9  l b s . / h i l l  ) t h a n  p r o -  

g e n y  o b t a i n e d  f r o m  4x X F D R  m a t i n g s  ( 6 . 0  l b s . / h i l l )  

s u g g e s t e d  t h a t :  1) F D R  g a m e t e s  f r o m  u n s e l e c t e d  g e n o -  

t y p e s  a r e  s u p e r i o r  to  n o r m a l  m e i o t i c  p r o d u c t s  f r o m  a 

s u p e r i o r  t e t r a p l o i d ;  a n d  2) t e t r a p l o i d  m e i o s i s  i s  p o s -  

s i b l y  t h e  m o s t  o b s t r u c t i v e  f a c t o r  in  i m p r o v i n g  t u b e r  

y i e l d  b y  4x x 4x m a t i n g s .  

It i s  u n r e a s o n a b l e ,  h o w e v e r ,  to  m a k e  t h e  a b o v e  

s t a t e m e n t  w i t h o u t  s o m e  f u r t h e r  c o n s i d e r a t i o n s .  T h e s e  

d i p l o i d  m a t e r i a l s  ( P h u r e j a - T u b e r o s u m  h a p l o i d  h y b r i d s )  

c o n t a i n  d i f f e r e n t  g e r m p l a s m  s o u r c e s  t h a n  t e t r a p l o i d  

m i l i e s  e s t a b l i s h e d  t h e  f a c t  t h a t  i f  two  k i n d s  of 2n  g a m e t e s  T u b e r o s u m  c u l t i v a r s .  Thus  t h e  i n c r e a s e  in  g e n e t i c  d i -  

( F D R  a n d  SDR)  a r e  g e n e r a t e d  b y  g e n o t y p i c a l l y  s i m i l a r  v e r s i t y  in  p r o g e n y  o b t a i n e d  f r o m  i n t e r m a t i n g  t h e m  c o u l d  
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have a favorable effect, since unlike alleles will be in- 

corporated and different kinds of interactions made pos- 

sible. This consideration, however, becomes quite un- 

necessary whentheperformance of 4x x SDR and 4x x 4x 

families are compared. If the significantly higher tuber 

yield observed in 4x • FDR families was caused by in- 

creased genetic diversity alone, we would expect the 

amount of increase to be similar to that observed in 

4x • SDR families, since all diploid parental clones 

were of similar genetic background. 

These observations are encouraging, for they pro- 

vide further evidence for the practicality of maximi- 

zing diversity and heterozygosity at the tetraploid level 

by FDR sexual polyp!oidization. It is understood that 

these conclusions are limited to the materials used in 

this experiment, but considering the amount of mate- 

rials and number of parental clones involved, these con- 

clusions may well be applicable in a much wider range 

of materials. The observed genotype • environment in- 

teraction may present a problem in selection, but these 

significant interactions may be due to the extremely dif- 

ferent growing conditions of Hancock and Rhinelander. 

The tuber yield of category 2 families (4. I Ibs./hill) 

was higher than that of category 3 families (3.9 ibs./ 

hill), but the difference was not significant. This obser- 

vation may be taken to indicate that SDR gametes are as 

good as, or better than meiotic products from tetra- 

ploids. If we consider the tuber yield of the four SDR 

parents (1.9 Ibs./hill), the increase in tuber yield of 

their progeny obtained from 4x • SDR matings is quite 

significant. On the other hand, tuber yield of families 

from 4x • 4x matings (3.9 Ibs./hill) was lower than 

their 4x parents (4.4 Ibs./hill). This comparison alone, 

appears to favor SDR gametes in breeding over the n 

(2x) gametes. However, this increase may be explained 

by the increase in genetic diversity instead of the su- 

periority of SDR gametes. If this explanation is valid, 

it somehow strengthens the advantage of FDR gametes, 

because, as mentioned above, if genetic diversity ac- 

counts for the increase in tuber yield up to the level of 

4x • 4x families, as in the case of 4x x SDR families, 

then the increase observed in 4x • FDR families which 

was above this point must be attributed to the advantage 

of FDR gametes. 

An alternative explanation for the increase in yield 

of 4x • SDR families is that SDR gametes do have an 

advantage over n(2x) gametes, but the amount of ad- 

vantage is only large enough to compensate for the pa- 

rental genotypic inferiority of the diploid parents 

as compared to the superior tetraploid parents used in 

this experiment. A third possible explanation is that 

SDR gametes have only a limited amount of advantage 

over the n (2x) gametes regardless of the 2x parental 

genotype due to the amount of homozygosity contained in 

SDR gametes. A superior diploid genotype forming SDR 

gametes will not produce better progeny, when mated 

to a tetraploid, than those obtained from 4x X 4x mat- 

ings. These possible explanations can be differentiated 

by crossing diploid clones with significantly different 

tuber yield, of diverse genetic background, and form- 

ing SDR gametes, to a number of 4x parents. If the first 

explanation is correct, the increase in tuber yield of 

the progeny should be disproportional to the genetic re- 

lationships between the 4x and 2x parents. If the second 

explanation is correct, then the increase in tuber yield 

of the progeny should be proportional to the tuber yield 

of the diploid parents. If there is no significant differ- 

ences between progeny obtained, then the third possible 

explanation is correct. Unfortunately, in the present 

experiment the diploid parental clones were not signi- 

ficantly different in either tuber yield or genetic make- 

up, and we were not able to differentiate these possible 

explanations. 

The partitioning of genotypic differences into general 

and specific combining abilities facilitated our interpre- 

tations in regard to the comparative values ofFDR, SDR 

and n (2x) gametes, provided further evidence for the 

cytological interpretation of distinct mechanisms of di- 

plandrogenesis and lent support to Mendiburu's previous 

interpretation concerning the essential components of 

yield. When families from one category were analyzed, 

only S. C .A. was significant. This finding supports Men- 

diburu's interpretations that non-additive genetic ef- 

fects are the important components for tuber yield. Thus, 

the superiority of FDR gametes in breeding is due to 

their ability to transfer a large amount of the intra- and 

interlocus interactions from parent to offspring. It also 

indicates that although FDR in general is superior, there 

are differences between progeny obtained from crosses 

involving different FDR diplandrous clones. Some com- 

binations between parents may be superior than others 

even if FDR gametes participated in all matings. 

When families from category I and 2 or 1 and 3 were 

analyzed, both S.C.A. and G.C.A. (2x) were signifi- 

cant although no significant G.C.A. was observed when 

each category was analyzed separately. The increased 

contribution of G.C.A. (2x) observed can only be at- 

tributed to the difference between FDR and SDH (or FDR 
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a n d  n ( 2 x ) )  g a m e t e s .  T h i s  o b s e r v a t i o n  no t  o n l y  i n d i c a t e s  

t h e  g e n e r a l  s u p e r i o r i t y  of  F D R  g a m e t e s  o v e r  SDR a n d  n 

(2x )  g a m e t e s ,  bu t  a l s o  t h e  u n i f o r m i t y  of F D R  g a m e t e s  

b e c a u s e  no  s i g n i f i c a n t  G . C . A .  w a s  d e t e c t e d  w h e n  c a t e -  

g o r y  2 a n d  3 w e r e  a n a l y z e d  t o g e t h e r .  The  d i f f e r e n c e s  

b e t w e e n  F D R  a n d  SDR g a m e t e s  in  c o m b i n i n g  a b i l i t y  f u r -  

t h e r  s u b s t a n t i a t e d  o u r  c y t o l o g i c a l  i n t e r p r e t a t i o n s  t h a t  

m e c h a n i s m s  of  d i p l a n d r o i d  f o r m a t i o n  we h a v e  d i s c o v -  

e r e d ,  n a m e l y  p s ,  a n d  pc  1 a n d  pc  2 a r e  d i s t i n c t l y  d i f -  

f e r e n t .  

The  i n c r e a s e  of  G .  C . A .  ( 2 x )  a l s o  s u g g e s t s  t h a t  F D R  

g a m e t e s  w e r e  m o r e  h o m o g e n e o u s  t h a n  SDR o r  n ( 2 x )  

g a m e t e s .  T h i s  o b s e r v a t i o n  s h o u l d  not  b e  t a k e n  to  i n d i -  

c a t e  t h e  i m p o r t a n c e  of  a d d i t i v e  g e n e t i c  e f f e c t s  a s  t h e  

m a i n  c a u s e  of  g e n e r a l  c o m b i n i n g  a b i l i t y ,  s i n c e  t h e  d i f -  

f e r e n c e s  o b s e r v e d b e t w e e n f a m i l i e s  w i t h i n  e a c h  c a t e g o r y  

w e r e  due  to  S . C . A .  ( n o n - a d d i t i v e  g e n e t i c  e f f e c t s ) .  The  

s i g n i f i c a n t  G . C . A .  of  F D R  g a m e t e s  w a s  b y  v i r t u e  of  

t h e i r  a b i l i t y  in  c o n s e r v i n g  p a r e n t a l  g e n o t y p e s  a n d  e s -  

p e c i a l l y  t h e  n o n - a d d i t i v e  p o r t i o n  of  t h e  g e n e t i c  e f f e c t s .  

The  h o m o g e n e i t y  of  F D R  g a m e t e s  p r o v i d e s  a n  i n -  

t e r e s t i n g  p r o s p e c t  of  u s i n g  F D R  d i p l a n d r o i d  c l o n e s  a s  

t e s t e r s  f o r  e v a l u a t i n g  t h e  p e r f o r m a n c e  of t e t r a p l o i d  p a -  

r e n t s .  In g e n e r a l ,  two m a i n  v a r i a b l e s  c o n t r i b u t e  to  t h e  

d i f f e r e n c e s  b e t w e e n  p r o g e n y  o b t a i n e d  f r o m  m a t i n g s  b e -  

t w e e n  t e s t e r s  a n d  t h e  g e n o t y p e  b e i n g  t e s t e d ;  t h e  v a r i a -  

b i l i t y  of  g a m e t e s  f r o m  t h e  t e s t e r ,  a n d  t h e  v a r i a b i l i t y  

of  g a m e t e s  f r o m  t h e  g e n o t y p e  b e i n g  t e s t e d .  S i n c e  F D R  

g a m e t e s  f r o m  a d i p l a n d r o u s  c l o n e  wi l l  b e  " s i g n i f i c a n t l y "  

m o r e  h o m o g e n e o u s  t h a n  n (2x )  g a m e t e s  f r o m  a t e t r a -  

p l o i d  t e s t e r ,  t h e  v a r i a b i l i t y  of  g a m e t e s  f r o m  a t e s t e r  

c a n  b e  m i n i m i z e d  a n d  a m o r e  c r i t i c a l  e v a l u a t i o n  c a n  b e  

m a d e  of  the  g a m e t e s  f r o m  t h e  t e t r a p l o i d  b e i n g  t e s t e d .  

F u r t h e r m o r e ,  t h e  h i g h l y  h e t e r o z y g o u s  n a t u r e  of  F D R  

g a m a t e s  m a y p r o v i d e  t e s t e r  s t o c k s  t h a t  f o r m  h o m o g e n e -  

o u s ,  bu t  h e t e r o z y g o u s ,  g a m e t e s  w h i c h  a r e  no t  a v a i l a b l e  

in  c o n v e n t i o n a l  b r e e d i n g  m e t h o d s .  If a n u m b e r  of  F D R  

t e s t e r s  a r e  a v a i l a b l e  w h i c h  d i f f e r  s i g n i f i c a n t l y  in  p e r -  

f o r m  a n c e ,  t h e  d i f f e r e n c e  b e t w e e n  t e t r a p l o i d s  m a y  b e  

d e t e c t e d  by  s t u d y i n g  p r o g e n y  o b t a i n e d  f r o m  4x • F D R  

m a t i n g s .  G a m e t e s  p r o d u c e d  b y  S D R h a v e  l i t t l e  a d v a n t a g e  

a s  t e s t e r s  o v e r  n ( 2 x )  g a m e t e s ,  s i n c e  t h e y  m a y  b e  a s  

heterogeneous. 

The results obtained from this experiment clearly 

demonstrated the advantage of FDR gametes in breed- 

ing over SDR and n (2x) gametes. Tuber yields of 

4x • FDR families were significantly improved despite 

the unselected diploid parents from which FDR gametes 

were generated. It is possible that even greater im- 

provement can be achieved by using selected (higher 

yielding) diploid clones that form FDR gametes. The 

feasibility and advantage of improving tuber yield of po- 

tato by sexual polyploidization with FDR gametes are 

evident. 
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