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Summary. Reciprocal crosses between varieties of maize were developed in such a way that  the genome of one 
variety was introduced into the cytoplasm of the other in fractions of 25, 50, and 75 per cent. Cytoplasmic effects on 
yield, maturity, plant height, and ear height were measured at each of the three nuclear constitutions. The results indi- 
cated that the cytoplasmic effects on quantitative characters were not consistently produced irrespective of the nuclear 
constitution and some relationship existed between the numl)er of polygenes introduced and the cytoplasmic effects. 
The hypothesis was put forward that cytoplasmic effects on quantitative characters would be expressed only when the 
genes of one parent remained below a certain threshold concentration in the hybrid nucleus. Once this level was crossed 
by increasing the number of genes alien to the cytoplasm the cytoplasmic effects disappeared. 

~. In troduct ion  

Following the pioneer ing work of Fleming,  Kozel- 
nicky, and  Browne (1960), a n u m b e r  of workers 
(Bhat and  Dhawan,  1968a, t969;  Brown, 196t ;  
Singh, t965, 1966), us ing maize, have shown tha t  in 
addi t ion  to s imply inher i ted t ra i ts  like male-ster i l i ty ,  
the expression of polygenical ly  inher i ted  characters 
is also under  cytoplasmic control.  All these workers 
s tudied the cytoplasmic effects in reciprocal crosses 
by  t ransfer r ing  either the whole or a par t  of the ge- 
nome of one line into the cytoplasm of the other. For  
example,  F leming  et al. (1960) and  Bha t  and  Dha- 
wan (i969) s tudied the cytoplasmic effects between 
ieciprocal  F t  crosses i.e. after reciprocally t rans-  
ferring only  50 per cent  of the genome. Brown (t961) 
subs t i tu t ed  the W E 9  genome for the whole P2 ge- 
nome and  s tudied the cytoplasmic effect. Singh 
(t965), on the other hand,  compared exotic cytoplasm 
stocks with corn belt  cytoplasm stocks by  recipro- 
cally t ransfer r ing  only  96.875 per cent  of corn belt  
genome in to  the two cytoplasmic types. None of these 
workms s tudied the cytoplasmic effects after t rans-  
ferring a par t icular  genome in fractions into an alien 
cytoplasm. This would seem to be very  i mpor t a n t  
in view of the fact tha t  we are dealing with cytoplas- 
mic effects on characters polygenical ly inheri ted.  I t  
would be expected tha t  with the in t roduc t ion  of each 
fract ion of the genome into an alien cytoplasm there 
would be a propor t ionate  increase in the n u m b e r  of 
polygenes from the donor  and  it would be in teres t ing  
to observe whether  this increase in the polygenes 
nullifies the cytoplasmic effects. 

The present  inves t iga t ion  was unde r t aken  to s tudy  
the cytoplasmic effects after reciprocally t ransferr ing 
in to  alien cytoplasms genomes of d i f fment  varieties 
of maize in fractions of 25, 50, and  75 per cent. 

* Part  of the thesis submitted by the senior author in 
partial fulfilhnent of the requiremeut for Ph. D. degree of 
I.A.R.I., New Delhi. 

2. Mater ia l s  and M e t h o d s  

Two sets of materials were developed. In set one, four 
varieties Llera I I I  (L I i i ) ,  Yellow Tuxpan (YT), Eto 
Amarillo (EA), and San Andres Tuxtla (SAT) -- were 
each crossed with Sikkim Primitive 2 (SP 2) tO develop 
reciprocal F 1 and backcrosses as indicated in Table 1. In 
this way the genome of one variety was introduced into 
the cytoplasm of the other in fractions of 25, 50, and 75 
per cent. The three nuclear constitutions (levels) were 
designated N~, N 2, and N a, respectively. In the second 
set, each of the four varieties SP 2, Pira Blanco (PB), 
Pollo Segregaciones (PS), and Polio Amarillo (PA) was 
crossed with Colorado (Co) in the same way as in set one. 
In all, eight groups were developed with eight entries in 
each group (Table 1). 

The eight entries within each group were planted in 
split-plot design with four main plots and two sub-plots 
within each main plot. The three nuclear levels and the 
parents constituted the main plots and the two cytoplas- 

Entry Pedigree 
No.  

(%) 

! d * A 
(1 oo) 

2 B*  ld 
(100) 

3 (A x B) x A A :B 
(75) (25) 

4 (13 • A) • A A : B  
(75) (25) 

5 A x B A : B  
(5o) (50) 

6 J ~ •  A : B  
(50) (5o) 

7 (A x B) x B A : B  
(25) (75) 

8 (B x A) • B A : B  
(55) (75) 

Table 1. Crossi~zg pla~z o~ the materials sh~died 

Nucleus 

Nuclear Cytoplasmic 
constitution Code source 

*/)1 A 

G B 

N~ A 

,% B 

X., A 

-V2 B 

:V~ X 

N a B 

* A and /3 are arbitrary varietal names 
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- -  SP2 Parent 
. . . .  L III Parent 

~ SPZ Cylopiasm 
L 111 Cytoplasm 

SP2 Parenl 
- -  - C�9 Parent 

~ SP2 Cylop{asm 
CO Cytoplasm 

lnic sources cons t i tu t ed  the  sub-plots .  The e x p e r i m e n t  
was conduc ted  dur ing  the  s u mmer  1965 at  the  Division 
of Genetics,  I .A.R.I . ,  New Delhi, and  was  repl ica ted  
four t imes.  P lo t  size was one row 9 met res  long. Row-to-  
row spacing was 0.75 met res  and p l an t - t o -p l an t  spacing 
wi th in  a row was 25 cm. 

Da ta  were r ecorded  on four  quan t i t a t i ve  characters ,  
grain  yield, n u m b e r  of days  to 7 5 per  cent  s i lking (matu-  
ri ty),  p l a n t  height ,  and ear height ,  in the  man n e r  descr ibed 
by  Bha t  and D h a w a n  (t 969). 

The significance of the  difference be tween  reciprocal  
crosses a t  each of the  th ree  nuclear  levels was calcula ted 
for only  those  groups in which  the  analysis  of var iance  for 
spl i t -p lot  design revealed cy top lasmic  effect  and/or  
"nuc lea r  • c y t o p l a s m "  in te rac t ion  to  be signif icant .  

. N S  

- -  CO Parent 

PS Cytoplasm 
- - -  CO Cytoplasm 

Fig. 1. Reciprocal difference 
at each nuclear level -- yield 

N, N z N3 
Nuclear [eve{ 

Significant at 
* 5% level 

* *  1% level 

NS 

3. Results  
The cy top lasmic  effect on grain yield was signifi- 

cant  in groups t ,  5, and 7. The  reciprocal  differences 
were significant  a t :  N 1 nuclear  level in group 1; N 1 
and N 3 nuclear  levels in group 5 ; N1 and N 2 nuclear  
levels in group  7 (Fig. t).  

Matur i ty  was s ignif icant ly influenced b y  the  cyto-  
p lasm in groups  1, 2, 5, 7, and  8, while "nuc lea r  • 
c y t o p l a s m "  in terac t ion  was significant in groups 1, 
2, 4, 5, and  8. The  reciprocal  differences were signi- 
f icant  a t  : N 1 nuclear  level in groups t and 5 ; N1 and 
Nz nuclear  levels in group 2; N 3 nuclear  level in 
groups  4 and 8 ; all the three  nuclear  levels in group 7 
(Fig. 2). 

The  cy top lasmic  effect on p lant  height  was signi- 
f icant  in groups 3, 5 and 6 and  "nuc lea r  • cyto-  
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Fig. 2. Reciprocal difference at each nuclear level - -  maturity 
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Itlg. 3. Reciprocal  difference a t  each  nuclear  level - -  p l a n t  he igh t  
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Fig. 4. Reciprocal  difference a t  each nuc lear  level - -  ear  he igh t  
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p l a s m "  in te rac t ion  was s ignif icant  in groups  t ,  5, and  
6. The  difference be tween  rec iprocal  crosses was 
s ignif icant  a t : N ~  and N 3 nuc lear  levels in groups  1 
and 5 ; ATe and N 3 nuclear  levels in g roup  6; N 3 nu-  
clear  level in g roup  3 (Fig. 3). 

The  analys is  of va r iance  of ear  he ight  revea led  t h a t  
the  cy top l a smic  effect and  "nuc lea r  • c y t o p l a s m "  
in te rac t ion  were s ignif icant  in groups  t ,  3, 6, and  7, 
and  1, 6, 7, and  8, respec t ive ly .  The rec iprocal  cross 
differences were s ignif icant  a t :  N 3 nuc lear  level  in 
groups  1, 3, and  8; N 2 nuc lear  level in group 6; 
N 2 and  N 3 nuc lear  levels in group 7 (Fig. 4). 

4. Discuss ion 

Extens ive  s tudies  b y  Miehaelis  (1954) on Epilobi~m 
have  shown t h a t  even though  the  cy top l a sms  of two 
s t ra ins  are di f ferent  the  qua l i t y  and  q u a n t i t y  of plas-  
mon-sens i t ive  genes should  be suff icient  in the  F~ or 
backcross  p l an t s  for the  man i fe s t a t ion  of these differ-  
ences. In  maize,  ample  d a t a  has  been r e p o r t e d  on the  
first  aspec t  of the  s t u d y  (Bhat  and  Dhawan ,  1968a,  
1969, t970a ,  b;  F l eming  et al., 1960; Singh, 1965, 
1966), while the  presen t  inves t iga t ion  was des igned to 
f ind out  whe the r  any  re la t ionsh ip  ex i s ted  be tween  
the  q u a n t i t y  of p lasmon-sens i t ive  polygenes  and  
cy top lasmic  effects. 

Our  resul ts  i nd i ca t ed  t h a t  cy top l a smic  effects on 
q u a n t i t a t i v e  charac te r s  were not  cons i s ten t ly  p rodu-  
ced i r respect ive  of the  nuclear  cons t i tu t ion  and  some 
re la t ionsh ip  ex i s ted  be tween  the  n u m b e r  of po lygenes  
in t roduced  and  the  cy top la smic  effects. A hypo thes i s  
to exp la in  these  resul ts  is p roposed  below. 

In  the  case of q u a n t i t a t i v e  charac ters ,  where the  
genes have  s imple,  smal l  and  s u p p l e m e n t a r y  ac t ion  
(Mather,  1949), i t  appea r s  t h a t  the  cy top la smic  ef- 
fect is expressed  only  when t i le genes of one pa ren t  
r emain  below a cer ta in  th resho ld  concen t ra t ion  in the  
h y b r i d  nucleus.  Once this  level was crossed b y  in- 
creasing the  n u m b e r  of genes alien to the  c y t o p l a s m  
the  cy top la smic  effect d i sappeared .  In  the  t e rmino-  
logy of v. W e t t s t e i n  (quoted from Caspari ,  1948), 
" a n t e c e d e n t "  cy top l a sm would  become "recedent" 
on increas ing the  polygenes  alien to the  an teceden t  
cy top lasm.  The  hypo thes i s  was first  p roposed  b y  us 
in 1968 (Bhat  and  Dhawan ,  t968b)  and  is ela- 
b o r a t e d  here. 

Before discussing the  hypo thes i s  in the  l ight  of our 
resul ts ,  i t  would  be i m p o r t a n t  to know whe the r  the  
rec iprocal  cross differences were due to the  cy to -  
p l a sm of va r i e t y  A or v a r i e t y  B or cy top l a sms  of 
bo th  the  var ie t ies  A and B. Our  prev ious  s tudies  
wi th  the  rec iprocal  crosses r epo r t ed  here (Bhat  and  
Dhawan ,  t970a ,  b) have  shown t h a t  all t he  three  s i tu-  
a t ions  exist .  Therefore,  the  d i s appea rance  of the  cy-  
top lasmic  effects on gra in  y ie ld  a t  the  N 2 and  N a 
nuclear  levels in the  crosses be tween  SP 2 and  L I I I  
migh t  have  been the  resul t  of the  genes from the  
L I I I  pa r en t  crossing the  th resho ld  l imi t  b e y o n d  the  
N 1 nuc lear  level.  I t  m a y  be recal led  t ha t  the  N~, N 2, 

and  N 3 nuc lea r  levels had ,  respec t ive ly ,  25, 50, and  
75 per  cent  genomes  from the  L I I I  pa r en t  and  a sig- 
n i f icant  c y t o p l a s m i c  effect was p roduced  only  when 
the  p ropo r t i on  of t i le L I I I  genome in SP 2 cy to-  
p l a sm r e m a i n e d  less t han  25 per  cent.  Once this  pro-  
po r t i on  was increased  to 50 and  75 per  cent  the  cyto-  
p lasmic  effect d i sappeared .  

In  cer ta in  crosses the  c y t o p l a s m  of bo th  var ie t ies  
p r o v i d e d  an unsu i t ab le  subs t r a t e  for the  ac t ion  of 
each o thers '  genes. F o r  example ,  the  genes control-  
l ing gra in  y ie ld  in the  crosses of SP 2 and  Co were 
below the th re sho ld  l imi t  a t  t i le  N 1 and N 3 nuclear  
levels thus  p roduc ing  a s ignif icant  cy top la smic  ef- 
fect. Once this  l imi t  was crossed at  the  N 2 nuc lear  
level  no s ignif icant  effect was produced .  The  cy to-  
p lasmic  effect on var ious  charac te r s  o b t a i n e d  in 
o ther  groups  could also be exp la ined  on the  basis  of 
this  hypo thes i s  of a th resho ld  concen t ra t ion  of plas-  
mon-sens i t ive  polygenes .  
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