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Abstract

Present investigation was carried out during Rabi, 2018-19 to estimate cause and effect relationship among 

seed and fodder yield traits in eight accessions of Avena species including seven wild viz., A. barbata (HFO-58), 

A. orientalis (HFO-103), A. byzantina (HFO-498) and A. strigosa (HFO-505), A. byzantina (HFO-60), A. sterilis 

(HFO-508), A. sterilis (HFO-878) and one cultivated namely A. sativa (HJ-8). The accessions were evaluated in 

a randomized block design with three replications. Analysis of variance revealed significant differences among 

the accessions for all the traits studied. High heritability associated with high genetic advance was recorded for 

most of the traits suggesting the role of additive gene action. Number of tillers per plant, dry matter yield per 

plant, biological yield per plant, harvest index, seed length and protein content (%) showed significant 

association with seed yield per plant. Days to 50% flowering, leaf area, plant height, green fodder yield per 

plant, biological yield per plant, harvest index, seed length and 1000 gain weight had substantial direct effects 

on seed yield per plant. On the basis of overall performance, HFO-498 (A. longiglumis), HFO-505 (A. strigosa) 

and HFO-878 (A. sterilis) accessions of wild species were found to be superior over the cultivated A. sativa. 

Thereby, suggesting that these accessions can be utilized in oat improvement programme in near future. 
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Oat (Avena sativa L.) is an important forage annual 

crop of Rabi season, possesses wide adaptability and 

suitability to different growing conditions, excellent 

nutritional value for both animal as well as human 

consumption and therefore, it provides an opportunity 

to use as a dual-purpose crop. Green fodder contains 

approximately 10 to 13% protein and 30 to 35% dry 

matter. The protein substance of the hull-less oat 

(groat) ranges from 12 to 24 per cent, which is the most 

elevated among cereals (Lasztity 1999). All over the 

world, oat is cultivated over 10.29 million hectares 

with a production of 20.49 million tonnes 

(Anonymous, 2017). The total area covered under oat 

cultivation in the country is about 1.0 million ha with 

35-50 tonnes/ha green fodder productivity 

(Anonymous, 2014). In India, it is grown in Punjab, 

Haryana, Jammu & Kashmir, Himachal Pradesh, Uttar 

Pradesh, Madhya Pradesh, Rajasthan, Maharashtra 

and West Bengal. Oat within the regions of Himalayas 

incorporates a more extensive flexibility, since of its 

great developing environment, speedy re-growth and 

superior wholesome esteem (Sood et al. 2016). 

The genus Avena comprises about 70 species; a few 

are cultivated. Wild species such as A. barbata, A. 

strigosa and A. sterilis related to cultivated crops often 

contain useful genetic variation for various important 

traits. Yield is associated with the number of other 

component traits that are interrelated (Ikeda et al., 

2013; Zhou et al., 2018). Examining the relationship 

between quantitative traits is an important task of 

assessing the feasibility of a joint selection of two or 

more secondary component traits as genetic gains for 

primary traits under consideration (Ezeaku and 

Muhammad, 2006). Path analysis is a statistical tool 

that has been used to organize and present causal 

relationships between prediction variables and 

response variables through a path chart based on 

experimental results (Samonte et al., 1998; Esmail, 

2001). Often this is dependent on its relationship to the 

grain yield, which makes the relationship ineffective. 
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Therefore, path analysis is needed that dividing the 

correlation coefficient into its direct and indirect effect 

components (Surek and Beser, 2003). Keeping in view 

the above mentioned reasons, the present investigation 

was undertaken to study the cause and effect of 

relationship among various fodder and seed yield traits 

in oat.

Materials and methods

Eight accessions of wild Avena spp. including seven 

wild and one cultivated were evaluated for various 

fodder and seed yield traits during Rabi, 2018-19 at 

Fodder Section Farm, CSKHPKV, Palampur (Table 1). 

The experimental material was grown in randomized 

block design with three replications and plot size of 

2.00 m × 0.90 m in two rows. Row to row and plant to 

plant spacing was 30 cm and 10 cm, respectively. 

Flanking plots were developed using the border rows. 

One row was used for recording observation on fodder 

yield traits and second row was used for recording 

observation on seed yield and its components. The data 

was recorded on five randomly selected plants in each 

replication for sixteen different agro-morphological 

and quality characters. The analysis of variance was 

carried out as per Panse and Sukhatme (1985). 

The genotypic and phenotypic coefficients of 

variation were estimated following Burton and De 
2

Vane (1953). Heritability in a broad sense (h ) and bs

genetic advance (% of mean) were calculated as 

procedure given by Burton and De Vane (1953) and 

Johnson et al. (1955). Phenotypic and genotypic 

coefficients of correlation were worked out following 

the procedure of Al-Jibouri et al. (1958) and Dewey 

and Lu (1959). Direct and indirect effects of 

component characters on seed yield per plant were 

computed using appropriate correlation coefficient of 

different component characters as suggested by 

Dewey and Lu (1959).

Results and Discussion

Analysis of Variance

Analysis of variance revealed significant 

variability among various traits studied except 

biological yield per plant, days to 75% maturity and 

green fodder yield/ plant (Table 2).

The mean values for all the sixteen traits studied 

have been given in Table 3. Cultivated A. sativa cv. HJ-

8 was used as standard check to compare the mean 

values of different characters in the present study. As 

the earliness is desirable character, two accessions viz., 

HFO-498 and HFO-505 were found to have 

significantly lower days to 50% flowering than HJ-8 

(135.67 days). Other remaining accessions were 

statistically at par with HJ-8 for this trait. Plant height 

is desirable for fodder yield as it increases the 

production of green fodder yield. Three accessions of 

different species were significantly higher in plant 

height than cultivated HJ-8. The highest value of plant 

height was recorded for HFO-505 (151.67 cm), 

followed by HFO-58 (149.67 cm) and HFO-878 (152 

cm) as compared to cultivated variety HJ-8 (139.67 

cm).

For leaves per plant, all the wild accessions were 

significantly superior over cultivated A. sativa cv. HJ-

8 (25.33). The range for leaves per plant was 25-36. 

Two accessions namely, HFO-60 and HFO-498 were 

significantly superior over HJ-8 for number of 

tillers/plant. All the remaining accessions were at par 

with HJ-8 for this trait. Only one accession i.e. HFO-

508 (47.40 g) had significantly higher 1000 grain 

Table 1. Details of the material used in the present study

Sr. No. Species Accession Chromosome number (2n) Source

1. Avena orientalis HFO 103 14 CCS HAU, Hisar

2. Avena longiglumis HFO 498 14 CCS HAU, Hisar

3. Avena strigosa HFO 505 14 CCS HAU, Hisar

4. Avena barbata HFO 58 28 CCS HAU, Hisar

5. Avena byzantina HFO 60 42 CCS HAU, Hisar

6. Avena sterilis HFO 508 42 CCS HAU, Hisar

7. Avena sterilis HFO 878 42 CCS HAU, Hisar

8. Avena sativa HJ-8 42 CSKHPKV, Palampur
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Table 2. Analysis of variance for different characters in oat wild accessions

Source Replication Genotypes Error

Degree of freedom 2 7 14 

Days to 50% flowering 9.44 189.38** 18.33

Plant height (cm) 89.04 138.42** 15.14

No. of Tillers/ plant 1.04 5.61** 1.13

No. of leaves per plant 12.56** 27.31** 1.20
2Leaf Area (cm ) 15.72 305.52** 6.25

Green fodder yield/ Plant (g) 25.83 396.09 96.99

Leaf: stem ratio 0.01 0.03** 0.01

Dry matter yield per plant 2.41 51.54** 7.56

Days to 75% maturity 89.11 58.86 37.23

Spiklets per panicle 1.26 543.19** 26.72

Biological yield per plant 6.25 1489.06** 13.29

Seed yield per plant (g) 5.91 145.16** 7.64

Harvest Index 3.11 82.31** 5.69

Seed length (mm) 0.13 5.94** 0.16

1000 gain wt. (gm) 7.79 78.16** 1.98

Protein Content (%) 0.73 2.15 0.88

*Significant at p> 0.05, **Significant at p> 0.01

weight than HJ-8 (44.8 g). In case of seed length, all 

accessions were recorded significantly higher value 

than HJ-8 except HFO-508, which was at par with HJ-

8 (11.97 mm). Two accessions viz., HFO-58 (81.67) 

and HFO-103 (84.67) were found statistically superior 

for spikelets per panicle over check variety HJ-8 

(62.32). The range for this character was recorded 

55.59-84.67. Screening of wild oat germplasm for 

important agronomical traits had been reported earlier 

by Sood et al. (2016); Jan et al. (2020) and Kumar et al. 

(2021). For green fodder yield per plant, HFO-58 

(130.33 g), HFO-103 (129.34 g) and HFO-878 

(128.34 g) showed significant superiority over HJ-8 

(111.05 g). Green fodder yield per plant ranged from 

104.33 g to 130.33 g. The lowest green fodder yield 

was recorded for HFO-508 (104.33 g). All the 

accessions except HFO-508 had significant higher 

leaf: stem ratio than HJ-8 (0.38). Leaf: stem ratio 

ranged from 0.38 to 0.63.

Only one accession i.e. HFO-505 (163.67 days) had 

been shown significantly lower days to 75% maturity 

as compared to HJ-8 (175 days). The days to 75% 

maturity was ranged from 163.67 to 176 days. For dry 

matter yield per plant, two accessions namely, HFO-

498 (35.12 g) and HFO-505 (34.05 g) had higher value 

than HJ-8 (29.26 g). The mean value for this character 

was laid between 26.42 g to 35.12 g. For seed yield per 

plant, HFO-60 (38.19 g), HFO-498 (40.24 g) and 

HFO-505 (35.77 g) were significantly superior to A. 

sativa cv. HJ-8 (28.80 g). The range for this trait was 

observed 18.55 g to 40.24 g. When compared with A. 

sativa cv. HJ-8, three accessions namely, HFO-58, 

HFO-103 and HFO-505 had significantly higher 

biological yield per plant. While, three accessions 

were statistically inferior to HJ-8 for this trait. The 

range of biological yield per plant was 93.88 - 158.24 

g. Two accessions were recorded significantly higher 

harvest index than HJ-8 (22.19). The harvest index 

was ranged from 19.72 to 35.58. Whereas, two 

accessions i.e. HFO-103 and HFO-505 were found 

significantly superior for leaf area over HJ-8. For 

protein content (%), only two accessions i.e. HFO-58 

and HFO-498 were significantly superior as compared 

to cultivated variety HJ-8.

On the basis of overall performance and earliness, it 

is concluded that Avena longiglumis (HFO-498), 

Avena strigosa (HFO-505) and A. sterilis (HFO-878) 

were significantly superior over the cultivated Avena 

sativa cv. HJ-8 for most fodder and seed yield related 

components. So, these wild accessions can be used in 
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further breeding programme to introgress desirable 

traits into cultivated oat cultivars.

Estimates of genetic parameters for variability 

Genotypic coefficient of variance (GCV), 

phenotypic coefficient of variance (PCV), heritability 

and genetic advance (% of mean) were calculated and 

presented in Table 4. The highest value of PCV was 

recorded for leaf area (32.20%), followed by seed yield 

per plant (22.95%) and harvest index (22.24%), and 

seven characters showed the high phenotypic 

coefficient of variation (> 15%) namely spikelets/ 

panicle, leaf: stem ratio, dry matter yield per plant, 

biological yield per plant, seed yield/ plant, harvest 

index and leaf area. Low PCV (< 10%) was recorded 

for plant height (5.22%), days to 50% flowering 

(6.52%) and days to 75% maturity (3.89). Moderate 

PCV was observed for remaining six characters.

High value of GCV (> 15%) was recorded for six 

characters viz., spikelets/panicle, leaf: stem ratio, seed 

yield per plant, biological yield per plant, harvest index 

and leaf area. Highest GCV was found for leaf area 

(31.23%), followed by seed yield per plant (21.24%), 

harvest index (20.12%) and spikelets per panicle 

(19.56%). Low GCV (< 10%) was observed for plant 

height, number of leaves per plant, days to 50% 

flowering, green fodder yield per plant, days to 75% 

maturity and protein content. Remaining four traits 

showed moderate GCV (10-15%). High PCV coupled 

with high GCV was recorded for spikelets per panicle, 

leaf:stem ratio, seed yield per plant, biological yield 

per plant, harvest index and leaf area. The broad sense 

heritability was recorded high (above 70%) for plant 

height, number of leaves/plant, 1000 grain weight, 

seed length, spikelets per panicle, days to 50% 

flowering, leaf: stem ratio, seed yield per plant, 

biological yield per plant and leaf area. Moderate 

heritability (50-70%) was shown by number of tillers 

per plant, green fodder yield per plant, dry matter yield 

per plant, days to 75% maturity and protein content 

had the low heritability. High heritability coupled with 

high genetic advance (% of mean) was observed for 

1000 grain weight, seed length, spikelets per panicle, 

leaf: stem ratio, seed yield per plant, biological yield 

per plant, harvest index and leaf area.

Correlation and path analysis among various 

fodder and seed yield traits in Avena species

In general, genotypic correlation coefficients were 

greater than their corresponding phenotypic 

correlation coefficients, indicating the preponderance 

of genetic variance in expression of characters as well 

as masking effect of environment in modifying the 

total expression of the genotypes (Table 5). At 

phenotypic level, positive significant relationships 

existed between seed yield and number of tillers per 

plant, dry matter yield per plant, biological yield per 

plant, harvest index and seed length, while negatively 

Table 4. Estimation of genetic parameters for various studied traits in Avena species

Characters Range PCV GCV Heritability Genetic Advance
2(h )  (% of mean)bs

Days to 50% flowering 120.00-142.00 6.52 5.67 75.67 10.16

Plant Height (cm) 134.67-152.00 5.22 4.46 73.08 7.86

No. of Leaves/ plant 25.33-36.00 10.46 9.81 87.84 18.93

No. of Tillers/ plant 10.00-14.33 13.69 10.33 56.94 16.05
2Leaf Area (cm ) 21.47-54.27 32.20 31.23 94.10 62.41

Spiklets per panicle 43.24-84.67 21.02 19.56 86.57 37.48

Green fodder yield/ Plant (g) 104.33-130.33 11.93 8.49 50.69 12.46

Leaf: stem ratio 0.38-0.63 19.84 18.89 90.61 37.04

Dry matter yield per plant 22.17-35.12 16.04 13.02 65.97 21.79

Days to 75% maturity 163.67-176.33 3.89 1.57 16.23 1.30

Biological yield per plant 93.88-158.24 17.60 17.37 97.37 35.30

Seed yield per plant (g) 18.55-40.24 22.95 21.24 85.71 40.52

Harvest Index 19.72-35.58 22.24 20.12 81.78 37.47

Seed length (mm) 11.03-15.14 10.83 10.39 92.17 20.56

1000 gain wt. (g) 34.00-47.40 12.88 12.40 92.76 24.60

Protein Content (%) 7.58-9.96 13.15 7.53 32.77 8.88
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significant was found for days to 50% flowering. At 

genotypic level, positive significant relationships 

existed between seed yield and number of tillers per 

plant, dry matter yield per plant, biological yield per 

plant, harvest index, seed length and protein content, 

whereas, negatively significant correlation was found 

for days to 50% flowering and days to 75% maturity. 

Similar results of correlation were reported by Bibi et 

al. (2012), Ahmad et al. (2013), Gautam et al. (2006) 

and Sakhale et al. (2014).

Path analysis showed that days to 50% flowering, 

leaf area, plant height, green fodder yield per plant, 

biological yield per plant, harvest index, seed length, 

1000 grain weight and protein content had strong 

positive direct effects on the seed yield per plant (Table 

6). However, the correlation between number of tillers 

per plant and the seed yield per plant was significantly 

negative due to their strong negative indirect effects 

via harvest index and seed length. Dubey et al. (2014), 

Jaipal and Shekhawat (2016) and Arora et al. (2021) 

had reported similar findings in oat.

In conclusion, significant differences were 

obtained among the accessions of Avena species, 

which reflects ample amount of genetic variability 

existed in the experimental material. High PCV 

coupled with high GCV were recorded for spikelets 

per panicle, leaf: stem ratio, seed yield per plant, 

biological yield per plant, harvest index and leaf area. 

High heritability coupled with high genetic advance 

was recorded for 1000 grain weight, seed length, 

spikelets per panicle, leaf: stem ratio, seed yield per 

plant, biological yield per plant, harvest index and leaf 

area indicated that these were under the control of 

additive gene effects and selections based on the traits 

could improve productivity in oat directly. The 

information from correlation and path coefficient 

analysis in oat will be helping in finding out the 

structural yield components that can be appropriately 

incorporated into an improved plant type. On the basis 

of overall performance, HFO-498 (A. longiglumis), 

HFO-505 (A. strigosa) and HFO-878 (A. sterilis) 

accessions of wild species were found significantly 

superior over the cultivated A. sativa cv. HJ-8. 

Therefore, these accessions can be utilized in oat 

improvement programme in near future.

Conflict of interest: The authors would hereby like to 

declare that there is no conflict of interests that could 

possibly arise.
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