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Summary. The nature and magnitude of  variability in 
the interpopulation cross of  'Mezcla Amari l lo Selec- 
tion' (MAS), an introduction from CIMMYT, Mexico, 
and 'J607', a population developed in India using indi- 
genous, American, and Yugoslavian germplasm, were 
studied. Interpopulation progenies developed by fol- 
lowing the North Carolina Design I were evaluated at 
two locations. The additive genetic variance corn- 

2 ponent in interpopulation cross, O'A(12), and in one 
population assuming the other population as tester, a 2 ~2 
and a~21, were significant for all the traits evaluated, 
namely ear length, ear girth, kernel rows and days to 
silk, with one exception. For  kernel rows, the domi-  
nance variance component, 2 O'DOE) , was  also significant 
but it was smaller than 2 aA02). The variance component  
due to dominance x location interaction, a~L(12), was 
significant for all traits except kernel rows. In the case 
of  ear length and ear girth, a2L(12) was greater than 
the other components. O'AL(12)2, O'2L12 and 0"2L21 were not 
significant for any trait. Expected genetic advance in- 
dicated a superiority of  half-sib reciprocal recurrent 
selection over full-sib reciprocal recurrent selection. 
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Introduction 

There is a large volume of  literature available in maize 
(Zea mays L.) on the estimation of  the nature and 
magnitude of  genetic variability within populat ions 
(intrapopulation) (Gardner 1963; Moll and Stuber 
1974; Sprague and Eberhart 1977; Comstock 1978) but  
only a few reports are available on genetic variability 

in population crosses (interpopulation) (Obilana et al. 
1979). Information on the nature and magnitude of  
genetic variability in an interpopulation cross is useful 
in formulating a breeding programme based on two 
populations and their crosses. 

'J607', a population developed in India, and 
'Mezcla Amarillo Selection' (MAS) an introduction 
from CIMMYT, Mexico showed a h i g h  degree o f  
heterosis (Anonymous 1975). In view of  the heterosis 
and geographic diversity between these two popula-  
tions, the present study was undertaken to characterise 
the nature and magnitude of  variability in their inter- 
population cross. 

Materials and methods 

The study was based on an interpopulation cross of 'Mezcla 
Amarillo Selection' (MAS) and 'J607'. MAS is an introduction 
from CIMMYT, Mexico. 'J607' has been developed at Punjab 
Agricultural University, Ludhiana as a result of intrapopula- 
tion selection in a germplasm complex developed by crossing 
an indigenous collection, 'Bhodipur Yellow', with two hybrids 
introduced from USA and one from Yugoslavia. Inter- 
population half-sib-fuil-sib progenies between 'MAS' and 
'J607' were produced following the North Carolina Design I 
(Comstock and Robinson 1948). To generate these materials 
100 randomly taken plants from a population were used as 
males and each male crossed to six plants from the other 
population. Sixty-four male groups, each having four half-sib 
interpopulation families, were taken at random from ears 
having at least 150 grains. 'MAS' and 'J607' were sown at time 
intervals to facilitate crossing between the two populations 
and to avoid assortative mating. 

The materials were evaluated at two locations, viz. 
Ludhiana in semi-arid plains and Gurdaspur in humid sub- 
mountainous region. An incomplete-block design (replications 
in blocks) with two replications was used. Each family was 
evaluated in a single row plot of 5 m length with row-to-row 
and plant-to-plant spacings of 75 and 20 cm, respectively. 
Data were recorded from 10 randomly taken competitive 
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plants for grain yield per plant (g), ear length (cm), ear girth 
(cm), number of kernel rows, plant height (cm) and ear height 
(cm) and plot averages were used for statistical analysis. The 
number of days taken from sowing to 75% silking was re- 
corded on a plot basis. 

The analysis of variance was carried out following Robin- 
son etal. (1955). Various components, viz. a 2 (variance 
component due to males), af 2 (variance component due to 
females within males), a2ml (variance component due to males 
x locations) .and 0021 (variance component due to females 
within males x locations) were obtained by equating observed 
mean squares and their expectations. These components were 
translated into genetic components of variance as indicated 
below (Obilana et al. 1979): 

(7212 : 4 2 O'ml 2 

0"221 = 4 2 O'm21 
2 1 2 2 2 

0"A(12 ) = ~ -  (O'AI 2 "F 6221) = 2 (Gin12 + O'm21) 

2 2 2 2 00~20 00D(12) = (0"f12 q- 00f21 --  0"2ml2 --  

2 = 4 002ml 0-AL 12 12 

O'~L2I = 4 2 00m121 

2 __ (a2112 + am121) aAL(12) -- 2 2 

2 _ (0.2 2 _ 0-2121) aDL(12) -- 2 12 + crn21 -- a2ml J2 

The suffix 12 denotes population 1 ('MAS') as male and 
population 2 ('J607') as female whereas 21 denotes population 
2 as male and population 1 as female, and (12) denotes inter- 
population parameters. When gene frequency in the two 

�9 " 2 2 2 2 populations lS equal 0"A/12 D 0"Dr12), 0"AL(12, j a n d  0"DL(12) b e c o m e  
2 2 2 2 . . . . . . .  aA, aD, 00m~ and O'DL. Standard errors of these components 

were calculated by using the standard formula. Expected 
genetic advance using half-sib reciprocal recurrent selection 
(HSRRS) and full-sib reciprocal recurrent selection (FSRRS) 
was calculated by using the following formulae (Gardner 
1978): 

Half-sib reciprocal recurrent selection 
I 2 K (�88 0"212 K (4) O'A21 

O c = v ~  +V�88 ' 2 4, I 2 10"2ALI2 ..[_ a22 1 2 -I- 1 00AL21 . 
00A12 + u 1 - ~  "4 - - ~  + -)"i- 

Full-sib reciprocal recurrent selection 
K (1) 2 00A02) 

Gc 1 /  1 2 1 2 2 
2 1 2 (2- aAL(12) + 4 aDL(12) ~_ O'(12) 

O'A(12) + 4- O'D(12)) + l r 1 

where Gc is expected genetic advance per cycle, K is selec- 
tion intensity which is standardized selection differential and 
or2 is the error variance. Singh (1981) observed that average 
gene frequency differed in two populations for grain yield, 
plant height and ear height whereas for other traits the gene 
frequency did not differ. Therefore, the results are presented 
for ear length, ear girth, kernel rows and days to silk. 

Results and discussion 

The estimates of  components  of  var iance  in  the popu -  
2 lat ion cross indicated a greater role of  0-2(12) t han  0-D02) 

in the inheri tance of  all the traits (Table  1). On ly  
0-2A(12) was significant for ear length,  ear gir th and  days 
to silk. For  kernel rows both componen ts  were signif i-  

2 The  es t imates  cant and 0-A(12) was greater than  2 0-D(12)" 
o f  2 ahUi2 ) were not  s ignif icant  in any case whereas  tha t  
of  2 0-DL02) were signif icant  for ear length,  ear  gir th and  
days to silk. 

The estimates of  components  of  genet ic  va r iance  in  
'MAS'  and 'J607'  involving the other  p o p u l a t i o n  as 
tester are also presented in Table  1. Only  the es t imates  
of additive variance are given as the es t imates  of  
dominance variance thus ob ta ined  refer to p o p u l a t i o n  
cross. The estimates of  O'212 (est imate of  ' M A S '  us ing  
'J607'  as tester) and 0-221 (est imate of  ' J607 '  us ing  
'MAS'  as tester) were s ignif icant  for all traits except  the 
0"212 of ear girth. The estimates o f  0"2L12 and  2 0"AL21 were 
not significant. 

For  ear length and ear girth, 2 0"OL02) was the largest  
component  indicat ing that the deve lopmen t  of  hyb r id s  
with specific adapta t ion  m ay  prove r eward ing  i f  the 
breeding programme is to be based on 'MAS'  and  'J607'. 
The results also indicated that the expression of  var ia-  
t ion due to addit ive gene act ion is relat ively cons tan t  
over the environments  in compar i son  to va r i a t ion  due  
to dominance  deviation.  S imi lar  results have been  
obtained by Rojas and Sprague (1952); Lonnqu i s t  and  
Gardner  (1961) and Dhi l lon  and  Singh (1977). 

Table 1. Estimates of components of genetic variance in the interpopulation cross and in one population using the other as tester 

Character Interpopulation cross parameters J 607tx MAS M A S t ) <  J 607 

2 2 2 00221 2 O'A(12) ~D(12) O'2 12 2 O'AL21 0"AL (12) O'DL (12) 0"AL 12 

Ear length 1.070 ** 0.802 - 0.802 1.727 ** 0.968 * - 0.485 1.175 ** - 0.370 
_+0.408 _+0.634 +0.187 +0.545 _+0.394 +0.193 +0.415 ___0.170 

Ear girth 0.285* 0.319 -0.039 0.361" 0.218 0.030 0.335** -0.106 
�9 +0.125 -t-0.190 ___0.066  _+0.159 __+0.116 _+0.073 _+0.132 _+0.058 

Kernel rows 0.761 ** 0.669 * - 0.026 0.300 0.695 ** 0.035 0.828 ** - 0.090 
-t- 0.267 + 0.331 -+ 0.075 -t- 0.177 -+ 0.262 _ 0.070 + 0.280 -+ 0.072 

Days to silk 3.208 ** 1.368 0.304 2.676 * 3.483 ** - 0.045 2.942 * 0.650 
+ 1.211 ___ 1 . 6 1 3  +0.594 -t- 1.203 -+ 1 . 233  _+0.632 _+0.168 +0.584 

*' ** Significant at 5% and 1% probability levels, respectively t indicates tester population 
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Table 2. Expected gain per cycle (as % of mean of population 
cross) at different selection intensities (SI) through half-sib re- 
ciprocal recurrent selection (HSRRS) and full-sib reciprocal re: 
current selection (FSRRS) 

Character HSRRS FSRRS FSRRS 
00% SI) 00% SI)* (5% SI)** 

Ear length 7.81 5.12 5.99 
Ear girth 4.52 3.21 3.76 
Kernel rows 8.85 6.00 7.02 
Days to silk 3.83 1.55 1.81 

* Same selection intensity as HSRRS 
** Same resources as HSRRS 

The expected genetic advance per cycle assuming 
10% selection intensity indicated a dist inct  super ior i ty  
of  HSRRS over FSRRS (Table 2). However,  selection 
intensity in FSRRS can be twice that  in H S R R S  
without employing addi t ional  resources. Therefore ,  
expected genetic advance through F S R R S  assuming 
5% selection intensity was also est imated.  It was inter- 
esting to note that expected genetic advance was h igher  
through HSRRS (at 10% selection intensity) than that  
expected from FSRRS (at 5% selection intensity).  This 
is in contrast with the findings of  Jones et al. (1971) 
who carried out computer  s imula t ion  studies assuming 
the same resources (twice the selection intensi ty in 
FSRRS than in HSRRS)  and an edge of  F S R R S  over  
HSRRS. The superiori ty of  HSRRS over F S R R S  in 
the present study may be due to a greater  con t r ibu t ion  
of  2 2 2 O'D(12 ) o r  O'DL(12) in comparison to  O'a(12 ) than that  
expected on the basis of  the complete  dominance  
model assumed by Jones e ta l .  (1971). However ,  
FSRRS has the advantage that  only half  as many  
families are needed to be evaluated in compar i son  to 
HSRRS to maintain the same effective size o f  the 
population and the natural outflow of  hybrids.  
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