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ABSTRACT 
Forty five F1 crosses (excluding reciprocals) were generated through a 10 x 10 diallel mating design during rabi 2015 -16 
at SKUAST-K, Shalimar. Analyses of variance for general and specific combing ability revealed significant mean squares 
for GCA and SCA for all the traits studied. The mean squares due to GCA, SCA, and error were used for the estimation of 
variances attributable to GCA and SCA. Variances due to GCA (σ²g) were higher in magnitude than their corresponding 
SCA variances (σ²s) in the individuals for all traits. For seed yield and its attributing traits there was higher additive 
variance than the dominance variance for most of the traits except for seed length and bradth ratio and crude protein 
content of seed. Average degree of dominance (σ²D/σ²A) revealed prepeonderance of over dominance for seed length 
breadth ratio, crude protein content in seed. All other traits showed partial dominance.None of the parents was a good 
general combiner for all the traits studied, SKO-208, SKO-210, SKO-211 and SKO-213were found to be good combiners 
for seed yielding attributing traits. SKO-208 and SKO-2010 was found to be a good general combiner for most of the 
traits.The study of sca effects revealed that none of the crosses was a desirable specific combiner for all the traits under 
study. However, several cross combinations were observed to have highest desirable significant sca effects for these 
traits. For seed yield SKO-204 X SKO-208, SKO-204 X SKO-210, SKO-201 X SKO-211, SABZAAR X SKO-208 showed high 
desirable significant sca effect. For 1000 seed weight (g) the crosses showed significant desirable sca effects for this trait   
were SKO-204 X SKO-SABZAAR, SKO-204 X SKO-208, SKO-204 X SKO-209. The crosses were mostly the result of high x low 
or low x low or low x average general combiners. 
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INTRODUCTION 
Oats rank around sixth in the world cereal production statistics following wheat, maize rice, barley and 
sorghum. Oat grain has always been an important form of livestock feed. Oats are an annual plant and can 
be planted either in autumn (for late summer harvest) or in the spring (for early autumn harvest). Known 
locally as "jau", oats are grown on the foothills of Himalayas, such as in the India State of Himachal 
Pradesh. They are a good source of protein, fibre, and minerals but world oat grain declined as farm 
mechanization increased between 1930 to1950. Oats remain an important grain crop for people in 
marginal ecologies throughout the developing world, and in developed economies for specialist uses. In 
many parts of the world oats are grown for use as grain as well as for forage and fodder, straw for 
bedding, hay,haylage, silage and chaff. Livestock grain feed is still the primary use of oat crops, accounting 
for an average of around 74% of the world’s total usage in 1991 to 1992 [1] (Welch, 1995). Oats are 
better adapted to variable soil types and can perform better on acid soils than other small grain cereals 
crops. They are mostly grown in cool moist climates and they can be sensitive to hot, dry weather from 
head emergence through to maturity. For these reasons, world oat production is generally concentrated 
between latitudes 35 to 65°N, including Finland and Norway, and 20 to 46°S. Most of the world’s 
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production comes from spring sown cultivars, but autumn sowing is practiced along the higher altitude 
regions, including the Himalayan Hindu Kush range and in regions where summers are hot and dry [2] 
(Ahmad et al., 2014a).Oats are grown for use as grain as well as forage and fodder, straw for bedding, hay, 
haylage, silage and chaff. Food uses for oats include oatmeal, oat flour, oat bran and oat flakes for use as 
breakfast cereals and ingredients in other food stuffs. Oats are one of the mostnutritious grain cereals, 
high in protein and fibre. The protein of rolled (flakes) oats is generally greater than that found in other 
cereal grains. Many of the vitamins and minerals found in oats are combined in the bran and germ. Most 
oat food products use the entire groat, making it a nutritious cereal grain. In India, oats have a wider 
adaptability, particularly in western and north western regions of the country because of its excellent 
growing habitats, quick re-growth and better nutritional value. Only a few varieties of oats are available 
for cultivation and their grain yields under good management conditions vary between 15 to 25 q ha-1. 
Development of high yielding varieties of oats, therefore, assumes a greater significance for human 
consumption[3]  (Ahmad and Zaffar, 2014b). 
The farmers face fodder deficiency in winter when they have only dry stalks of summer cereal fodders or 
dry summer grasses. In order to increase in productivity per unit area there is need to develop varieties 
having higher forage yield potential and quality. Interest in oat hay for the dairy, feedlot and horse 
industries has grown in recent years. This is mainly due to improvement in oat hay quality brought about 
by higher quality standards demanded by the export hay market [4] (Lush, 1945). Inadequate supply of 
quality feed and fodder is the primary cause of lower productivity of milch animals in India [5] (Patel et 
al., 2011). In Jammu and Kashmir, fodder requirement is about 4.31 against the availability of 3.26 million 
tones, there by having deficient of 1.05 million tones on dry matter basis [6] (Anonymous, 2008). Kashmir 
valley experienced a long lean period of winter, resulting in scarcity of green and quality fodder which 
results in drastic decrease in milk and milk production. 
In J & K state livestock population is about 7.8 million but fodder production is not sufficient to meet the 
requirements of a burgeoning live stock population. Cultivation of high yielding fodder oat cultivar 
Sabzaar developed for temperate climatic conditions of Kashmir valley has helped in enhancing forage 
productivity but in order to further increase the productivity per unit area there is need to develop 
varieties having higher forage yield potential and quality. Understanding the gene action and combining 
ability may help in choosing suitable breeding procedure for improvement of forage oat [2-5]. Therefore, 
there is an urgent need of exploiting new research technologies to boost forage yield in terms of higher 
yield of green fodder and dry matter per unit are. The present investigation was carried out to estimate 
general and specific combining ability effects of parents and their crosses, and to study the nature and 
magnitude of gene action for forage yield and their attributing traits [7] (Ahmad et al., 2014c).Keeping in 
view health benefits of oat grain, therefore, there is an urgent need of exploiting new research 
technologies to boost grain yield with desirable quality parameters and increasing the nutritional value of 
the crop for human consumption under temperate conditions of Kashmir valley in India. Here we review 
the health benefits of Oats (Avenasativa L.), and highlight the potential for future expansion in this field 
through various breeding methods and to develop an economically viable and sustainable crop 
production option [8] (Ahmad et al., 2015a).The earlier attempts employed for oats improvement were 
largely confined to the introduction and selection of desirable lines fromavailable germplasm. Due to 
continued selection much of the variability has been exhausted, so the emphasis has gradually shifted to 
hybridization between suitable parents so as to create genetic variability and identify desirable 
seggregants for use in future breeding programmes. Knowledge about the genetic systems controlling the 
quantitative and qualitative characters is essential to choose the most effective and efficient breeding 
strategy. To increase productivity per unit area there is need to develop varieties which have higher grain 
yield potential and quality. Understanding the gene action and combining ability may help in choosing 
suitable breeding procedure for improving the seed yield. So, there is an urgent need to explore new 
technologies to boost seed yield per unit area. Keeping this in view, the present study was aimed at to 
estimate general and specific combining ability effects of parents and their crosses, respectively, and to 
study the nature and magnitude of gene action for seed yield and their attributing traits so as to identify 
the desirable parents and crosses for use in breeding programme [9] (Ahmad et al., 2013). 
 
MATERIAL AND METHODS 
The present investigation entitled “Genetic analysis of F2 generation of diallel crosses in oats (Avenasativa 
L.)” was conducted during rabi season of 2015-16 at the Mountain Livestock Research Institute, Manasbal 
to obtain information on various genetic parameters that included extent of genetic variability present in 
the materials, degree of relationship between various morphological, agronomic and quality traits, 
combining ability effects for forage and seed yield and its component traits.The basic materials for the 
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present study consisted of fortyfive (45) F2 generation crosses (excluding reciprocals) developed through 
diallel mating design from ten parents viz: SKO-204, SKO-205, SABZAAR, SKO-207, SKO-208, SKO-209, 
SKO-210, SKO-211, SKO-212, and SKO-213  selected from the germplasm collection maintained at 
Division of Plant Breeding and Genetics, SKUAST-K, Shalimar. Forty five F1 crosses (excluding reciprocals) 
were generated through a 10 x 10 diallel mating design during rabi 2014-2015 at SKUAST-K, Shalimar. 
The final experimental material comprised the ten parents and their forty five F2s. The observations were 
recorded on, no. of effective tillers per m-1 row, spikelets per panicle, 1000 seed weight (g), seed yield 
plant-1 (g), seed length breadth ratio and  crude protein content in seed (%).The data were subjected to 
statistical and biometrical analyses to estimate the genetic parameters in [10] Griffing’s method (1956), 
 
RESULT AND DISCUSSION 
Analyses of variance for general and specific combing ability (Table 1) revealed significant mean squares 
for GCA and SCA for all the traits studied. The mean squares due to GCA, SCA, and error were used for the 
estimation of variances attributable to GCA and SCA. Variances due to GCA (σ²g) were higher in magnitude 
than their corresponding SCA variances (σ²s) (Table 2) in the individuals for all traits. For seed yield and 
its attributing traits there was higher additive variance than the dominance variance for most of the traits 
except for seed length and breadth ratio and crude protein content of seed. Average degree of dominance 
(σ²D/σ²A) revealed preponderance of over dominance for seed length breadth ratio, crude protein content 
in seed. All other traits showed partial dominance. 
For seed yield and its attributing traits most showed significant but undesirable general combining ability 
effects (Table 3). The parents SKO- 207, SKO-208, SKO-210 and SKO-211 showed good GCA for all traits, 
except SKO-207 and SKO-208 for seed length breadth ratio, SKO-210 and SKO-211 for no. of effective 
tillers and SKO-210 for crude protein content in seed and SKO-211 for 1000 seed weight.Among the 
parents SKO-207, SKO-208 and SKO-213 had desirable gca effect while other showed significant negative 
gca effect which is undesirable.Significant and desirable gca effects were observed for spikelets per 
panicle in SKO-208, SKO-209, SKO-210, SKO-211 and SKO-213.for this trait SKO-204, SKO-205 and 
SABZAAR showed poor gca effects.It was observed that SKO-204, SKO-205, SKO207 and SKO-211 had 
desirable gca effect. While SABZAAR, SKO-208, SKO-209, SKO-212 and SKO-213 showed significant 
(negative) undesirable gca effects. SKO-210 showed no significant effect for gca.All the parents showed 
significant gca effects. But only SKO-207, SKO-208, SKO-209, SKO-210, SKO-211 and SKO-213 showed 
desirable positive gca effects.Sabzaar, SKO-210 and SKO-211 showed desirable gca effects for seed length 
breadth ratio. While other showed undesirable or non significantgca effects.SKO-204, SKO-207, SKO-208, 
SKO-209 and SKO-211 were observed to have desirable (positive) gca effect for crude protein content in 
seed. Undesirable gca effect were exhibited by SKO-205, SABZAAR, SKO-210, SKO-212 and SKO-213. 
The crosses which showed high desirable significant sca (Table 4) effect were SKO 204 X SABZAAR, SKO-
204 X SKO-209, SKO-204 X SKO- 211, SKO-205 X SABZAAR, SKO-205 SKO-207, SKO-205 X SKO-210, SKO-
205 X SKO-212,SKO-205 X SKO-213, SABZAAR X SKO-207, SABZAAR X SKO-209, SKO-207 X SKO-209, 
SKO-208 X SKO-210, SKO-208 X SKO-213, SKO-209 X SKO-210, SKO-209 X SKO-211, SKO-209 X SKO-213, 
SKO-210 X SKO-211 and  SKO-210 X SKO-212.Six out of 45 crosses that showed desirable sca effects were 
SKO-204 X SKO-211, SKO-205 X SKO-210, SABZAAR X SKO-212, SABZAAR X SKO-213, SKO-207 X SKO-
210 and SKO-207 X SKO-211. Among these crosses SABZAAR X SKO-212 (4.102) showed the highest sca 
effect.The crosses with desirable sca for 1000 seed weight were SKO-204 X SABZAAR, SKO-205 X SKO-
210, SABZAAR X SKO-207, SKO-208 X SKO-209, SKO-208 X SKO-211, SKO-210 X SKO-211, SKO-210 X 
SKO-212, SKO-210 X SKO-213, SKO-211 X SKO-212, SKO-211 X SKO-213 and SKO-212 X SKO-213.Seed 
yield plant-1 is one of the most important trait. SKO-204 X SKO-208, SKO-204 X SKO-210, SKO-201 X SKO-
211, SABZAAR X SKO-208, SKO-207 X SKO-211, SKO-209X SKO-213 and SKO-210 X SKO-212 were the 
seven crosses which exhibited desirable sca effects.Sixteen out of 45 crosses showed significant desirable 
sca effects for this trait. The crosses were SKO-204 X SKO-SABZAAR, SKO-204 X SKO-208, SKO-204 X SKO-
209, SKO-204 X SKO-213, SKO-205 X SKO-211, SABZAAR X SKO-207, SABZAAR X SKO-209, SABZAAR X 
SKO-210, SABZAAR X SKO-211, SABZAAR X SKO-212, SABZAAR X SKO-213, SKO-207 X SKO-208, SKO-207 
XSKO-212, SKO-208 X SKO-209, SKO-209 X SKO-211, SKO-210 X SKO-212 and SKO-211 X SKO-213.The 
crosses which were observed to have exhibited desirable significant sca effects were SKO-204 X SKO-211, 
SKO-204 X SKO-212, SKO-205 X SKO-207, SKO-205 X SKO-209, SKO-205 X SKO-211, SKO-205 X SKO-212, 
SABZAAR X SKO-207, SABZAAR X SKO-209, SABZAAR X SKO-210, SABZAAR X SKO-211, SABZAAR X SKO-
212, SKO-207 X SKO-211, SKO-208 X SKO-213 and SKO-210 X SKO-213. Among the crosses which SKO-
205 X SKO-212 (1.396) and SABZAAR X SKO-207 (1.306) showed high scaeffects.These cross 
combinations need further evaluation in segregations to identify desirable transgressive segregants in the 
advanced generations. The magnitude of sca effects is of vital importance in selecting cross combinations 
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with higher probability of generating transgressive segregates. Significant yield performance in specific 
crosses was due to the combinations on the basis of their per se performance and sca effects [11].  
 SKO-208 and SKO-2010 was found to be a good general combiner for most of the traits (Table 5). It was 
observed that the top parents on the basis of high per se performance also had high general combining 
ability effects. Since gca effects are attributable to additive and additive x additive gene effects, the above 
mentioned parents have good potential for improving the respective characters and may be used in a 
multiple crossing program to synthesize a dynamic population with most of the favourable genes for 
amelioration of grain yield. The parents, SKO-208, SKO-210, SKO-211, SKO-211 and SKO-213 with 
desirable GCA could be utilising extensively in hybridisation program to accelerate the pace of genetic 
improvement of seed yield.In order to synthesize a dynamic population with most of the favourable genes 
accumulated, it will be pertinent to make of the aforesaid parents, which are good general combiners for 
several characters, in a multiple crossing program. Apart from conventional breeding methods that 
depend only on additive or additive x additive type of gene action, population improvement can also be 
promising alternative. Diallel selective mating system, for example, is good technique which delays the 
fixation of gene complexes, permits breakdown of linkages, fosters recombination, and concentrates 
favourable genes/gene complexes in to a central gene pool by a series of multiple crosses. 
Normally, the sca effects do not contribute tangibly to the improvement of self fertilizing crops, except 
where commercial exploitation of heterosis is feasible. The sca represents the dominance and epistasis 
interaction which can be related to heterosis. However, in self pollinated crops, the additive x additive 
type of interaction component is fixable in later generation. Breeder’s interest, therefore, vests in 
obtaining transgressive segregants through crosses and producing more potent homozygous lines. [12] 
Jinks and Hayman (1953) emphasized that the superiority of the hybrids might not indicate their ability 
to yield transgressive segregants; rather, the sca would provide a satisfactory criterion [13].It is 
noteworthy that crosses which exhibited consistently positive sca effects, it is therefore suggested that 
sca performance may be considered as a criterion for selecting the best crosses. It may also be 
worthwhile to attempt bi-parental mating among selected crosses in the advanced generation to permit 
superior recombination Similar results have been reported by several workers which reveal that seed 
characters viz., spikelets panicle-1, 1000-seed weight, seed length: breadth ratio and seed yield plant-1 
have greater importance in non-additive gene effects [14,15]. Considering the overall results from the 
present study it is apparent that additive and non additive genetic effects are prevalent for most of the 
character which may be utilized through selection in the early segregating generations exploiting the 
fixable effects. To utilize both types of genetic effects breeding methods like modified recurrent selection 
i.e alternating pedigree and current selection cycles. Diallele selective mating multiple crossing and early 
generation selection followed by intermating among F3 generation selection followed by intermating 
among F3 generation selected plants is proposed for further improvement in the crop. Biparental mating 
may be useful when linkage between the genes governing the inheritance is pronounced. 
 

Table-1:   Analysis of variance for combining ability and estimates of components of variance for seed yield 
and its attributing traits in F2 generation of oats (Avena sativa L.) 

S. 
No. 

Source of 
variation 

df 

Mean squares 
No. of  effective 
tillers m-1 row 

Spikelets 
panicle-1 

1000 seed 
weight (g) 

Seed yield   
plant-1 (g) 

Seed length 
breadth ratio 

Crude protein 
content seed 

(%) 
1. GCA 9 631.263**  435.176**  29.705**  4.708**  1.088**  1.324**  

2. SCA 45 72.307**  1.819*  3.67542**  0.012**  0.352**  1.584**  
3. Error 108 2.576 0.560 0.167 0.0012 0.066 0.002 

  *,**, significant at 5 and 1 per cent levels respectively  
 

Table-2: Analysis of variance for combining ability and estimates of components of variance for seed yield 
and its attributing traits in F2 generation of oats (Avena sativa L.) 

S. No. Components  
of genetic  
variance 

No. of   
effective 

tillers m-1 

Spikelets 
panicle-1 

1000 Seed 
weight(g) 

Seed yield plant-

1 (g) 
Seed length 

breadth  
ratio 

Crude protein 
seed  
(%) 

1. σ2g 52.391 36.288 2.461 0.392 0.085 0.110 
2. σ2s 69.731 1.259 3.508 0.011 0.286 1.582 

3. σ2e 2.576 0.559 0.167 0.001 0.066 0.002 

5. σ2A 104.781 72.436 4.923 0.784 0.170 0.220 

6. σ2D 69.731 1.259 3.508 0.011 0.286 1.582 

7. σ2D/ σ2A 0.665 0.017 0.712 0.014 1.68 7.191 

*,**, significant at 5 and 1 per cent levels respectively 
 

Maying et al 

 



RJCES Vol 6 [6] December  2018                     61 | P a g e      © 2018 AELS, INDIA 

Table 3-: General combining ability effects for seed yield its attributing traits in parent of oats (Avena sativa 
L.) 

S. No.  Parents   

GCA effects  

No. of effective 

tillers m
-1

 row  

Spikelets 

panilcle
-1

 

1000 seed 
weight (g)  

Seed yield 

plant
-1 

(g)  

Seed length 
breadth  

ratio  

Crude 
protein  

seed (%)  

1  SKO-204  -4.639**  -8.460**  0.532**  -0.619**  -0.177*  0.150**  

2  SKO-205  -2.250**  -4.858**  0.856**  -0.551**  0.078  -0.162**  

3  SABZAAR  -5.833**  -9.743**  -0.837**  -1.142**  0.626**  -0.394**  

4  SKO-207  0.889*  0.042  3.591**  0.606**  -0.329**  0.437**  

5  SKO-208  4.111**  1.619**  -1.009**  0.592**  -0.102  0.417**  

6  SKO-209  -1.417**  6.867**  -1.357**  0.595** -0.043  0.217**  

7  SKO-210  -1.167**  6.778**  0.077  0.246**  0.197**  -0.145**  

8  SKO-211  -5.917**  6.267**  0.714**  0.467**  0.272**  0.126**  

9  SKO-212  -2.500**  0.078  -0.575**  -0.390**  -0.171*  -0.065**  

10  SKO-213  18.722**  1.048**  -1.991**  0.196**  -0.352**  -0.580**  

 
SE g

i
 ± 0.439  ± 0.205  ± 0.112  ± 0.01  ± 0.070  ± 0.011  

 
SE (gi-gj)  ± 0.655  ± 0.305  ± 0.167  ± 0.014  ± 0.104  ± 0.038  

No. of parents 
showing desirable 

GCA effects 
3 5 4 6 3 5 

*, **, significant at 5 and 1 per cent levels respectively. 
 

Table 4-: Specific combining ability effects for seed yield and its attributing traits in F2 generation of oats 
(Avena sativa L.) 

S. 
No. 

Crosses 

SCA effects 

No. of effective 
tillers m-1 row 

Spikelets  
per 

panicle 

1000 seed 
weight  

(g) 

Seed yield 
plant-1  

(%) 

Seed length 
breadth 

 ratio 

Crude protein 
content 

seed (%) 
1 SKO-204 X 

SKO-205 
1.253  -0.411  0.040  -0.069  -0.862**  

-0.422**  

2 SKO-204 X 
SABZAAR 

2.836*  -0.141  0.723*  -0.055  0.760**  
-0.153**  

3 SKO-204  X 
SKO-207 

0.780  -0.171  0.368  -0.045  -0.105  
0.059*  

4 SKO-204 X 
SKO-208 

1.558  -0.055  -0.292  0.218  1.552**  
-1.024**  

5 SKO-204 X 
SKO-209 

4.419**  0.697  -0.301  -0.065  0.259*  
-1.071**  

6 SKO-204 X 
SKO-210 

-10.831**  -0.548  -1.075**  0.307  0.030  
-0.672**  

7 SKO-204 X 
SKO-211 

2.919*  2.630**  -0.802*  0.204  -0.722*  
0.060*  

8 SKO-204 X 
SKO-212 

-0.497  -0.181  -0.076  -0.089  -1.012**  
0.304**  

9 SKO-204 X 
SKO-213 

0.947  -0.151  -0.673*  -0.026  0.832**  
-1.287**  

10 SKO-205 X 
SABZAAR 

2.780*  -2.295**  0.489  0.017  -1.345**  
-0.511**  

11 SKO-205 X 
SKO-207 

3.391*  0.559  -0.469  -0.003  -0.156*  
0.305**  

12 SKO-205 X 
SKO-208 

-0.164  1.009  -0.209  -0.053  -0.267*  
-0.005  

13 SKO-205 X 
SKO-209 

-32.636**  -0.239  0.409  -0.046  -0.219*  
0.825**  

14 SKO-205 X 
SKO-210 

7.447**  1.516*  5.168**  -0.094  -0.699*  
0.547**  

15 SKO-205 X 
SKO-211 

2.530  -1.639  -3.242**  -0.008  0.856**  0.156**  

16 SKO-205 X 
SKO-212 

3.447*  -0.450  -1.816**  -0.064  -0.401**  1.396**  

        

*, **, significant at 5 and 1 per cent levels respectively. 
 

Maying et al 

 



RJCES Vol 6 [6] December  2018                     62 | P a g e      © 2018 AELS, INDIA 

Table-: contd……. 

S. 
No. 

Crosses 

SCA effects 
No. of 

effective 
tillers m-1 

row 

Spikelets per 
panicle 

1000 seed 
weight (g) 

Seed yield 
plant-1 (g) 

Seed 
length 

breadth 
 ratio 

Crude 
protein 

content seed 
(%) 

17 SKO-205 X SKO-213 2.891*  -1.087  -0.681*  0.003  -0.016  -0.798**  

18 SABZAAR X SKO-207 5.308**  -1.555*  0.728*  -0.027  0.519**  1.306**  

19 SABZAAR X SKO-208 -6.914**  -0.772  -0.519  0.057  -0.828**  -0.884**  

20 SABZAAR X SKO-209 5.947**  -0.020  0.339  -0.039  0.226*  0.386**  

21 SABZAAR X SKO-210 -2.970* 0.402 -2.539** -0.050 0.350** 0.608** 

22 SABZAAR X SKO-211 -6.220** -1.420* 0.421 -0.104 0.308 0.767** 

23 SABZAAR X SKO-212 -1.636 4.102** -0.713* 0.006 0.185** 0.778** 

24 SABZAAR X SKO-213 1.475 2.239** -0.501 0.050 0.436** -1.057** 
25 SKO-207 X SKO-208 -10.636** -0.831 0.437 0.004 0.130 -0.772** 
26 SKO-207  X SKO-209 3.225* 0.167 -1.516** -0.019 -0.289** -0.825** 
27 SKO-207 X SKO-210 -4.308** 1.923** 0.433 -0.031 -0.048 0.338** 

28 SKO-207 X SKO-211 -4.275** 1.767* -2.937** 0.062 -0.037 -0.014 

29 SKO-207 X SKO-212 1.641 -2.044** -0.244 -0.004 0.176* -0.843** 

30 SKO-207 X SKO-213 -1.581 -0.680 -0.442 0.030 -0.166* -2.371** 

31 SKO-208 X SKO-209 -4.331**  -1.049  0.944*  -0.016  0.184*  0.049  

 
Table -: contd……. 

S. No. Cross 

SCA effects 
No. of 

effective 
tillers m-1 

row 

Spikelets  
panicle-1 

1000 seed 
weight  

(g) 

Seed yield 
plant-1 

 (g) 

Seed length 
breadth  

ratio 

Crude 
protein 
content  

seed (%) 
32 SKO-208 X SKO-

210 
6.086**  -0.160  -1.057**  -0.307  -0.055  -0.372**  

33 SKO-208 X SKO-
211 

-1.497  -0.449  2.907**  0.023  0.013  -0.190**  

34 SKO-208 X SKO-
212 

-4.247**  -0.927  -1.428**  0.010  -0.467**  -1.163**  

35 SKO-208 X SKO-
213 

22.530**  1.103  -0.589  -0.033  0.051  0.552**  

36 SKO-209 X SKO-
210 

4.614**  -0.542  -0.729*  0.039  -0.444**  -1.322**  

37 SKO-209 X SKO-
211 

2.697*  -2.031**  -0.912*  0.003  0.181**  -0.733**  

38 SKO-209 X SKO-
212 

2.280  0.825  -1.553**  0.028  -0.090  -1.423**  

39 SKO-209 X SKO-
213 

8.058**  -0.145  -0.511  0.339  -0.059  -0.218**  

40 SKO-210 X SKO-
211 

7.780**  0.058  3.323**  0.028  -0.099  -0.541**  

41 SKO-210 X SKO-
212 

6.364**  -1.420*  2.589**  0.339  1.014*  -1.151**  

42 SKO-210 X SKO-
213 

-27.525**  -1.723*  2.938**  0.002  -0.141*  0.145**  

43 SKO-211 X SKO-
212 

-0.220  -0.242  5.409**  -0.012  -0.061  -0.735**  

44 SKO-211 X SKO-
213 

-1.442  -0.545  1.985**  -0.235  0.120**  -0.417**  

45 SKO-212 X SKO-
213 

-1.192  -0.356  2.367**  -0.064  -0.107**  -1.960**  

 S. E ( sij ) ± 1.325 ± 0.618 ± 0.337 ± 0.029 ± 0.070 ± 0.034 
S. E ( sij – sik ) ± 1.853 ± 0.863 ± 0.472 ± 0.039 ± 0.104 ± 0.047 

No. of crosses showing 
desirable SCA  effects 

- - - - - - 

*, **, significant at 5 and 1 per cent level respectively. 
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Table: 5- Best parents and F2 segregating generation identified on the basis of gca and sca effects of Seed 
yielding trait in oats. 

Trait Parents GCA Crosses SCA GCA effects of parents 

No. of effective tillers m-1 row SKO-205 -4.639 SKO-208 X SKO-213 22.530 High X High 

 SKO-208 4.111 SKO-209 X SKO-213 8.058 Low X High 
 SKO-209 -1.417 SKO-210 X SKO-211 7.780 Low X Low 
 SKO-210 -1.167 SKO-205 X SKO-210 7.447 Low X Low 
 SKO-211 -5.917 SKO-210 X SKO-212 6.364 Low X Low 
 SKO-212 -2.500    
 SKO-213 18.722    

Spikelets panicle-1 SKO-204 -8.460 SKO-204 X SKO-211 2.630 High X High 
 SABZAAR -9.743 SABZAAR X SKO-212 4.102 Low X Average 
 SKO-207 0.042 SABZAAR X SKO-213 2.239 Low X High 
 SKO-210 6.778 SKO-207 X SKO-210 1.932 Average X High 
 SKO-211 6.267 SKO-207 X SKO-211 1.767 Average X High 
 SKO-212 0.078    
 SKO-213 1.048    

1000 seed weight (g) SKO-205 0.532 SKO-205 X SKO-210 5.168 High X Average 
 SKO-208 1.009 SKO-211 X SKO-212 5.409 High X Low 
 SKO-209 0.077 SKO-210 X SKO-211 3.323 Average X High 
 SKO-210 0.714 SKO-210 X SKO-213 2.938 Average X Low 
 SKO-211 0.575 SKO-208 X SKO-211 2.907 Low X High 
 SKO-212 1.048    

Seed yield plant-1 (g) SKO-204 -0.619 SKO-209 X SKO-213 0.339 High X Average 
 SKO-208 0.592 SKO-210 X SKO-212 0.339 Average X Low 
 SKO-209 0.595 SKO-204 X SKO-210 0.307 Low X Average 
 SKO-210 0.246 SKO-204 X SKO-208 0.218 Low X High 
 SKO-211 0.467 SKO-204 X SKO-211 0.204 Low X High 
 SKO-212 -0.390    
 SKO-213 0.196    

Seed length breadth ratio SKO-204 -0.177 SKO-205X SKO-21 1.552 Low X Average 
 SKO-205 0.078 SKO-210 X SKO-212 1.014 High X High 
 SABZAAR 0.626 SKO-205 X SKO-211 0.856 Average X High 
 SKO-208 -0.102 SKO-204 X SKO-213 0.832 Low X Low 
 SKO-210 0.197 SKO-204XSABZAAR 0.760 Low X High 
 SKO-211 0.272    
 SKO- 212 -0.171    
 SKO-213 -0.352    

Crude protein content in seed 
(%) 

SKO-205 -0.394 SKO-2057 X SKO-212 1.396 Low X Low 

 SABZAAR -0.162 SABZAAR X SKO-207 1.306 Low X High 
 SKO-207 0.437 SKO-205 X SKO-209 0.825 Low X High 
 SKO-209 0.217 SABZAAR X SKO-212 0.778 Low X Average 
 SKO-211 0.126 SABZAAR X SKO-211 0.767 Low X High 
 SKO-212 -0.065    

 

 
Based on the findings of the present study the following conclusions are drawn: 
The study demonstrated that both additive (fixable) and non-additive (non-fixable) components of 
genetic variance were involved in governing the inherence of almost all the traits under study although 
additive genetic variance was predominant for most of the characters. Therefore, bi-parental mating 
and/or diallel selective mating, which may allow intermating of the selections in different cycles and 
exploitation of both additive and non-additive gene effects could be useful in the genetic improvement of 
seed yield characters of oats.Inclusion of F2 hybrids showing high sca and having parents with good gca in 
to multiple crosses could also prove to be a worthwhile approach for tangibly advancing the seed yield of 
oats. The crosses having high specific combining ability for forage, seed yield and other agronomic 
features and involving high or average general combiners together with good per se performance need to 
be evaluated vigorously and selection practiced for the recovery of some good recombinants in advanced 
generations. The parents and desirable cross combinations with superior quality characteristics must be 
taken in to consideration for further breeding programmes.Promising genotypes like SKO-208, SKO-210, 
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SKO-211, SKO-211 and SKO-213 could be the source of elite alleles based on their gca (general combining 
ability) effects, sca (specific combining ability) effects and per se performance could be utilising 
extensively in hybridisation program to accelerate the pace of genetic improvement of seed yield. 
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