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ABSTRACT: The present study was conducted during Rabi season 2018-19 with 58 diverse oat genotypes
in order to study genetic diversity for different agro-morphological and quality traits among dual purpose
and seed yield purpose systems separ ately. Based on D? statistic, genotypes wer e grouped into 12 clustersin
case of dual purpose system whereas 11 clusters in seed related system. The inter-cluster distances were
observed to be higher than intra-cluster. Cluster | emerged as the largest cluster followed by Cluster |1
under both the systems. Among both the systems, - glucan content contributed maximum towards genetic
diver gence followed by crude protein content of seed while the lowest by leaf: stem ratio and harvest index
under dual purpose and seed yield purpose systems, respectively. Genotypes 1G-03-205, EC-528883 and
0OS-6 were found more diverse under both the systems which can be utilized in future hybridization

programmes.
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INTRODUCTION

Oat (Avena sativa L.) is one amongst the foremost vital
forage and feed crops of the world. The genus Avena is
massive and numerous containing both wild and
cultivated polyploidy species with basic chromosome
number of n=7. It is a vital forage crop of winter in
numerous parts of the world and additionally devel oped
as multipurpose crop for fodder and grain. Green fodder
contains approximately 10 to 13% protein and 30 to
35% dry matter. In spite of being tall fed fodder crop, it
is presently picking up significance due to its unique
and imperative quality characteristics, particularly the
lipid and protein in grains. Contrasting from other
cereal grains such as wheat and barley it is rich within
the cancer preventing agents a-tocotrienol, a-
tocopherol, and avenanthramides, and he reduce
obesity, lowering bad cholesterol compound B-glucan
(Oliver et al., 2010). 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). Oat can tolerate acidic soils better than other
small grain cereals showing that the plant has the
potential to be grown in varied environments (Chen et
al., 2007). 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). Oats contain
more protein, fatty acids, iron, magnesium, phosphorus,
and zinc than wheat, maize, barley, and rice.
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Assessment of germplasm is of colossal importance in
genetic enhancement of the crop. Genetic diversity
examination helps in interpreting the hereditary
background and breeding esteem of the germplasm.
Genetic diversity is a key aspect of the improvement of
germplasm which is directly related to crop production
(Ali et al., 2021). It was too said that a much less
diverse genetic pool utilized by plant breeders than the
dl-inclusive accessible genetic diversity confined by
the crop (Joshi et al., 2012). Among the different
strategies identified/developed to consider the genetic
diversity within the genotypes, the Mahalanobis D?
statistics approach is solid and most frequently. The
optimum genetic divergence available between the
parentsis acritical pre-requisite for victory of any plant
breeding programmes, since crosses between
genetically divergent parents have been found to supply
superior transgressive isolates within the segregating
eras (Mahalanobis, 1928). Hence, evaluation of genetic
diversity existing within the breeding materials is a
fundamental prerequisite for any breeding programme.
So, the present investigation was undertaken with fifty
eight oat germplasm lines, amongst which PLP-1, OS-6
and KENT were utilized as checks.

MATERIALSAND METHODS

A. Experimental site and material

The experiment was conducted during Rabi 2018-19 at
Experimental Farm of the Fodder Section, CSK HPKYV,
Palampur which is situated at 32°6'N latitude, 76°3'E
longitude at an elevation of 1290.8 m (am.sl.). Agro
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climatically the location represents the mid-hill zone of
Himachal Pradesh (Zone-1l) and is characterized by
humid sub-temperate climate with high rainfall (2500
mm). The present investigation consisted of 58 diverse

genotypes of oat, which were evaluated in randomized
block design (Panse and Sukhatme, 1985) with three
replications and 25 cm x 15 cm crop geometry (Table

1).

Table 1: List of oat ger mplasm (Avena sativa L.) accessions used in the present study.

Sr. No. Genotypes S. No. Genotypes S. No. Genotypes Sr. No. Genotypes
1 ADG-214 16. HJ-8 3L JPO-25 46. SNTM-90
2. ALGERIAN 17. 1G-03-203 32. JPO-28 47. PLP-11
3. AVE-3018 18. 1G-03-205 33. JPO-29 48. PLP-12
4. EC-528390 19. 1G-03-208 34. JPO-30 49. PLP-13

5 EC-528865 20. JHO-862 35. JPO-31 50. PLP-14
6. EC-528883 21. JPO-36 36. JPO-40 51. PLP-15
7. EC-528889 22. JPO-38 37. JPO-41 52. PLP-16
8. EC-528890 23. JPO-14 38. JPO-44 53. PLP-17
9. EC-528894 24. JPO- 17 39. JPO-45 54. PLP-18
10. EC-528895 25. JPO-18 40. JPO-46 55. PLP-19
11 EC-528896 26. JPO-19 41. K-353 56. KENT (C)
12. HFO-52 27. JPO-20 42. KKR-AK-15 57. 0s6 (C)
13. HFO-102 28. JPO- 21 43. KKR-AK-26 58. PLP-1(C)
14. HFO-114 29. JPO-22 44. OATS-79

15. HFO-163 30. JPO-24 45. OATS-80

B. Field study and data evaluation

Two experiments were conducted on same genotypes
for recording observations for dual purpose and seed
purpose separately. In case of dua purpose system the
plants were harvested 70 days after sowing (DAS and
5-6 cm stubble was left in the field to alow the crop to
regenerate to see the effect of cutting on yield and
quality traits, whereas, in case of sole seed yield related
system all the traits were recorded without cut in order
to compare yield and quality characters of sole seed
yield purpose system with dual -purpose system.

Data were recorded for different fodder traits viz., plant
height at 90 DAS (cm), regeneration (%), leaves per
plant, tillers per plant, leaf stem ratio, green fodder
yield per plant (g), dry matter (%), dry matter yield per
plant (g), crude protein content of fodder (%), crude
protein yield per plant (g), ADF (%) and NDF (%) and
seed yield related traits viz., days to 50 % flowering,
plant height at maturity (cm), days to 75% maturity,
biological yield per plant (g), seed yield per plant (g),
harvest index (%), 100-seed weight (g), crude protein
content of seed (%) and B-glucan content (%). Quality
traits such as ADF (%) and NDF (%) were determined
by the method given by Van Soest (1991) and Van

Soest and Snifftn (1984) respectively. The crude protein
content for each genotype was analyzed following
Micro-Kjeldhal Method (AOAC 1970) and Beta glucan
content (%) was estimated by akali extraction with
Congo Red (CR) estimation method (Wood et al., 1977,
Semedo et al., 2015).

Keeping these focuses in mind, the present study based
on genetic divergence was assessed by utilizing D?
statistics recommended by (Mahalanobis, 1928), which
is based on multivariate investigation of quantitative
characteristics. The gathering of genotypes into
distinctive clusters is done by following Tocher’s
strategy as depicted by (Rao, 1952).

RESULTSAND DISCUSSION

A. Clustering

In the present study, 58 genotypes grouped into twelve
clusters in case of dual purpose system (Fig. 1a)
whereas in seed related system, genotypes were
clustered into 11 groups (Fig. 1b). Cluster I, II, VII
consisted of 28, 19 and 2 genotypes, respectively and
remaining clustersi.e. I, IV, V, VI, VIII, IX, X, XI,
and X1 consisted of one genotype each (Table 2).

Table 2: Distribution of 58 dual purposerelated oat genotypes among clusterson the basis of D*-analysis.

Cluster No. No. of Genotypes Genotypes
28 ADG-214, HFO-52, HFO-114, HFO-163, 1G-03-208, JPO-19, JPO-20, JPO-21, JPO-22, JPO-24,
| JPO- 31, JPO-40, JPO-41, JPO-44, JPO-45, JPO-46, K-353, KRR-AK-15, KRR-AK-26, OATS-
79, OATS-80, SNTM-90, PLP-12, PLP- 17, PLP-18, PLP- 19, PLP-13, KENT
1" 19 JPO-25, PLP-14, ALGERIAN, 1G-03-203, JPO-28, JPO-14, PLP-11, JPO-36, JPO-17, JPO-38,
PLP-16, JPO-30, JPO-29, EC-528895, EC-528865, , PLP-1, AVE-3018, PLP-15, EC-528889
1 1 JHO-862
v 1 EC-528894
\% 1 HFO-102
VI 1 EC-528890
VIl 2 JPO-18, OS-6
VI 1 EC-528883
IX 1 EC-528896
X 1 HJ8
Xl 1 EC-523890
X1 1 1G-03-205
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Fig. 1. Clustering of the oat genotypes (Tocher’s Method).
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In the case of seed yield related system, Cluster I, 11,
I, V and VII consisted of 21, 16, 10, 4 and 2
genotypes, respectively and remaining clusters i.e. 1V,
VI, VI, IX, X and XI consisted of one genotype each
(Table 3). Genetic divergence study also supported by
numerous researchers earlier (Bahadur and Choubey

2007; Mut, 2015; Jaipal and Shekhawat 2016; Kaur and
Kapoor 2017). More diverse the parents within its
overall limits of fitness, the more prominent are the
chances of heterotic expression in F1's and a broad
spectrum of variability in segregating generations
(Arunachalam, 1981).

Table 3: Distribution of 58 seed yield related oat genotypes among clusters on the basis of D2-analysis.

Cluster No. No. of genotypes Genotypes
21 JPO-24, JPO-40, 1G-03-208, HFO-114, JPO-19, JPO-44, K-353, PLP-17, KRR-AK-26,
I PLP-19, PLP-12, OATS-80, HFO-52, JPO-45, ADG-214, JPO-41, JPO-20, KRR-AK-
15, KENT, JHO-862, OATS-79
" 16 1G-03-203, JPO-38, JPO-17, JPO-14, JPO-30, JPO-29, PLP-13, PLP-15, JPO-22, EC-
528894, HJ-8, JPO-31, SNTM-90, ALGERIAN, PLP-1, PLP-16
i 10 EC-528889, EC-528896, PLP-14, JPO-25, JPO-28, AVE-3018, HFO-163, EC-528890,
EC-523890, PLP-18
v 1 EC-528883
\Y 4 EC-528895, JPO-36, PLP-11, OS-6
VI 1 JPO-21
VIl 1 JPO-46
VIII 1 EC-528865
1X 1 JPO-14
X 1 HFO-102
Xl 1 1G-03-205

B. Average intra and inter-cluster distances

Among dual purpose system, the highest intra-cluster
distance was observed in cluster |1 (28.37) followed by
cluster V and XII with an average intra-cluster distance
of 25.85and 25.80respectively (Table 4). The highest
inter-cluster distance was observed between cluster 1X
and V (44.49) followed by cluster 1V and Il (44.27)
and cluster XIl and | (41.76).

Among seed yield related traits, the highest intra-cluster
distance was observed in cluster 111 (15.18) followed by
cluster | and Il with an average intra-cluster distance of
14.39and 13.91 respectively (Table 5). The highest
inter-cluster distance was observed between cluster 1V
and 1l (37.63) followed by cluster VII and | (36.02)
and cluster VIII and I1 (35.84).

Table4: Averageintra and inter-cluster distance among 58 dual purposerelated oat genotypesin different
environments.

| 1 11 [\ \4 Vil VIII IX X XI XII
I 18.89
I 20.89 28.37
11 2756 | 32.094 0.00
\Y% 23.78 28.76 44.27 0.00
V 23.89 44.61 2670 | 3481 25.85
\ 23.30 34.13 37.18 13.31 | 48.10 0.00
Vil 25.52 23.57 39.60 | 30.49 27.88 26.79 0.00
VIII | 26.78 29.86 4133 | 32.68 28.61 30.16 | 2744 0.00
IX 21.61 36.86 29.52 30.81 | 44.49 36.76 | 3131 | 27.23 0.00
X 34.01 29.53 31.85 | 28.22 30.11 2949 | 1555 | 24.72 26.86 0.00
XI 21.64 28.21 3441 16.93 26.13 2452 | 2047 18.11 2463 | 20.55 0.00
Xl 41.76 32.25 1643 | 2551 27.90 1850 | 26.30 | 30.31 28.10 | 35.68 26.45 | 25.80

Table5: Averageintra and inter-cluster distance among 58 seed yield related oat genotypesindifferent
environments.

I 1 Il I\ Vv VI VIl VIII IX X XI
I 14.39
1 27.06 13.91
11 17.77 28.32 15.18
WY 25.53 28.36 37.63 0
Vv 28.58 37.04 17.38 33.59 5.81
Vi 26.59 29.51 37.67 18.18 25.28 0
VIl 36.02 20.07 27.94 16.57 29.83 24.54 0
VIII 27.87 35.84 26.66 17.6 37.68 12.45 15.13 0
1X 26.55 29.14 19.06 27.83 18.15 26.75 16.68 14.01 0
X 28.07 39.75 29.85 25.01 13.32 12.57 19.42 28.96 21.91 0
XI 27.16 16.05 19.73 27.49 18.59 27.28 15.89 13.07 26.58 30.59 0
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C. Cluster mean and contribution of individual
character towards divergence

Among dua purpose traits, Cluster Il exhibited the
highest cluster mean for plant height 90 DAS, cluster V
for 100-seed weight, cluster VIII for days to 50 %
flowering and biological yield per plant, cluster IX for
leaf stem ratio, cluster X for tillers per plant,
regeneration, harvest index, seed yield per plant and
crude protein content of seed, Cluster XI exhibited the
highest cluster mean for leaves per plant, fresh fodder
yield per plant, dry matter, dry matter yield and plant
height at maturity. Cluster 1V was found best for three
traits viz., the crude protein content of fodder (%), crude
protein yield per plant and ADF content (Table 6).
Among dual purpose traits, B- glucan content
contributed maximum towards genetic divergence
(31.68%) followed by crude protein content of seed
(18.06%) and lowest by leaf stem ratio (0.06%) (Table
8).

Among seed yield related system, Cluster IV exhibited
highest cluster mean for days to 50 % flowering, cluster

VIl for biological yield per plant, cluster IX for plant
height, cluster X for tillers per plant, seed yield per
plant, harvest index, 100 seed weight and crude protein
content and cluster X1 for leaves per plant and B-glucan
content. Lowest cluster mean for days to 50 %
flowering, tillers per plant, days to 75 % maturity and
crude protein content found in cluster VI (Table 7).
Among seed vyield related traits, B-glucan content
contributed maximum towards genetic divergence
(31.80%) followed by crude protein content of seed
(21.48%) and lowest by harvest index (0.84%) (Table
9).

The clustering pattern showed the presence of sufficient
genetic diversity among different genotypes of oat. The
highest inter-cluster distance among dual purpose traits
was observed between cluster IX and V (44.49)
followed by cluster 1V and 11l (44.27) while, among
seed yield related traits it was observed between cluster
IV and I11 (37.63) followed by cluster VII and | (36.02)
exhibiting wide genetic diversity among its genotypes.

Table 6: Cluster means valuesfor fodder yield, its component and quality traits of dual purposerelated oat
genotypesin different environments.

Traits | | 11 [\ V i VI VI IX X X1 X1 MEAN MIN MAX
Plant h"(grr:) WODAS | 3966 3836 | 4344 4152 4280 2321 200 | 3658 4207 4025 39.96 4008 40.90 36.58 1344
Leaves per plant 29.09 3108 3617 2550 2665 3037 2773 3167 2773 2053 2300%_|__3050 3147 2663 23.00
Tillers per plant 9.41 8.62 11.53 10.11 10.77 7.57* 9.58 857 9.53 13.00** 9.70 10.13 9.79 7.57 13.00
Leal Stem ratio 028 027 032 0.26 025 032 033 031 0,40 032 0.30 0.26 029 025 0.40
Fresh Fgfadnf‘(g‘:)'dd per | 2075 1 angs 10286 | 10544 | 10488 | 11322 1220 | 11128 100.30% 13760 | 1381 | 10800 | 11149 | 100.30 138.10
Dry Matter (%) 2152 2137 26.00 21130 2110 2149 2106 2130 19.20° 22.620 B4 2114 2187 1920 23.40
bryM ;‘I‘;’t E)dd P | 2329 24.05 26.70 230 | 2211 2435 275 272 1927 31130 | 3231 | 2284 24.42 1927 3231
C’“f’; Pgd%:”(oc/‘;;“e"‘ 1008 298 8.64% 1186+ 1065 1045 928 892 1179 1068 970 1018 1017 8.64 1186
Crude pp’l‘;‘net”zg‘;'dd Per | 1420 1450 12,43+ 18.34% 1637 1490 1419 1421 1824 1477 14.68 15.06 1511 1243 1834
ADF (%) 33.00 3191 3574 3955+ | 3188 3912 3024 3363 38.70 3199 2602 2718 3334 2602 3955
NDF (%) 3204 3119 3218 32.00 3208 3657 319 3102 33.08 3207 2175 | a1i 3241 27.75 41.10
Regeneration (%) 80.030 | _79.420 6417 88.42 8053 89.92 7722 57.87 86750 | 905" 85180 | 85600 | 81094 | 64.17 90.500
Daystoso flowering | 1409 | 14542 144,00 15467 | 15367 | 14267 151.83 1503 15467 | 13833 | 15133 | 14800 | 14871 | 13833 150.33
':r:;“b:l‘ig(hc‘ma;‘ 1081 ] 113 1247 10693 | 11850 | 10034 | 11578 105.23 11198 | 10661 | 1205 | 11616 | 11272 | 10034 129.52
Daysto7s maturity | 93 | 18132 183.00 17733 | 18100 | 17733 | 18483 180.00 18467 | 17933 | 16333 | 17900 | 18013 | 16333 184.83
Bidogpilcaa'n t‘((;'d per 9355 95.80 96.61 99.94 89.41 10113 87.27 1032+ 89.11 89.63 98.40 9023 9438 8727 108.27
Harvest |ndex(%) 2481 584 2053 317 26.86 2603 209" %523 2586 | 3085 2556 2650 2564 2098 3085
Seed Yidd per plani(@) | 26,63 2711 2542 23.28° 3227 2576 24.01 24.40 2674|8442~ 2599 3158 2699 2328 3442
100 Seed Welght (g) 338 345 311 340 728 719 287 3.89 386 318 3.8 317 356 287 219
coggﬁ;’g‘g"(‘% ) 1019 953+ 1181 1174 11.94 973 875 1059 782 1185+ 8.42 202 1009 953 1185
BeaG'Lzﬁ/nar)‘ content 410 272 4.07 3.03 437 3.67 433 463 2.99 2,83 378 592+ 377 283 592
*minimum values, **maximum values
Table7: Cluster meansvaluesfor seed yield, its component and quality traits of seed yield related oat
genotypes.
Traits | I 11 [\ \ VI VII VIl 1X X Xl MEAN MIN MAX
0,
Davsto isnogA’ 13805 | 14235 | 14167 | 1563+ | 13908 | 127.00* | 13067 | 149.00 | 16067 | 15067 | 14500 | 14413 | 127.00 | 15633
Plant Height * %%
(cm) 11312 | 112.99 11464 | 116.63 | 10791 | 10554 | 10393 | 91.39 120.2 10253 | 11522 | 110.28 91.39 120.26
Daysto 75 % " x
maturity 175.37 | 176.81 175.93 177.00 | 179.08 | 165.67 178.33 | 183.33 | 184.0r 178.00 | 176.00 | 177.76 | 165.67 13.00
Biological
yield per 96.16 97.45 99.86 106.01 | 100.00 | 100.56 | 88.52* | 111.7** 92.69 92.14 92.96 97.54 88.52 111.73
plant (g)
pla).llfl&};)er 27.68 29.75 29.04 26.02* 26.21 30.44 29.52 18.62 26.03 | 33.91** 33.23 27.84 26.02 33.91
F:irdveiﬂ 26.49 28.95 28.94 27.63 26.13 30.66 26.01 20.8* 2413 | 31.27** 30.90 27.76 20.80 31.27
109 3.37 3.35 3.80 3.90 3.05 3.23 3.59 3.73 2.94* 4.29%* 3.18 347 2.94 4.29
Weight (g)
Crude
protein % 10.38 10.56 8.75 10.58 8.65 8.25* 8.81 10.54 8.91 11.98** 9.92 9.68 8.25 11.98
(Seed)
Beta(;')uca" 425 | 279 | 332 | 4633 | 283 | 452 | 508 | 284 | 467 | 437 | 592+ | 406 | 279 | 592

*minimum values; **maximum values
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Table 8: Contribution of individual characterstoward divergence among 58 dual purposerelated genotypes

of oat.

Sr. No. Source Contribution % Times Ranked 1st
1. Plant Height 90 DAS (cm) 0.48 8.00
2. L eaves per plant 0.24 4.00
3. Tillers Per Plant 0.12 2.00
4. Leaf Stem Ratio 0.06* 1.00
5. Fresh Fodder Yield per plant (g) 0.97 16.00
6. Dry Matter (%) 0.48 8.00
7. Dry Matter Yield per plant (g) 212 35.00
8. Crude Protein content of Fodder (%) 6.78 112.00
9. Crude Protein Yield per plant 0.42 7.00
10. ADF (%) and 3.39 56.00
11. NDF (%) 4.42 73.00
12. Regeneration (%) 2.24 37.00
13. Days to 50% flowering 9.42 157.00
14. Plant height at maturity(cm) 0.12 2.00
15. Days to 75% maturity 0.91 15.00
16. Biologica Yield per plant (g) 1.56* 26.00
17. Seed Yield per plant (g) 0.36 6.00
18. Harvest Index 1.80 30.00
19. 100 Seed Weight (g) 13.85 229.00
20. Crude Protein content of seed (%) 18.06** 301.00
21. Beta Glucan content (%) 31.68** 528.00

*minimum values; ** maximum values

Table 9: Contribution of individual characterstoward diver gence among 58 seed purpose related genotypes

of oat.
Sr. No. Source Contribution % Times Ranked 1st
1. Days to 50% flowering 16.56 276.00
2. Plant height (cm) 2.88 48.00
3. Days to 75% maturity 3.84 64.00
4. Biologica Yield per plant (g) 4.56 76.00
5. Seed Yield per plant (g) 1.86 31.00
6. Harvest Index (%) 0.84* 14.00
7. 100 Seed Weight () 15.36 256.00
8. Crude Protein % (Seed) 21.48** 358.00
9. Beta Glucan content (%) 31.80** 530.00
*minimum values; ** maximum values
CONCLUSION Also Poonia and Phogat (2017) used the Mahalanobis

Overall it can be concluded that D*-statistic helped in
grouping different genotypes into 12 clusters in case of
dual purpose traits while in case of seed yield related
traits genotypes were grouped into 11 clusters. Cluster |
contain maximum genotypes followed by cluster II.
Inter and intra-cluster distances clearly indicated that
there is awide genetic diversity in the population under
study. The highest inter-cluster distance was found
between Cluster 1X and cluster V among dual purpose
related traits while among seed yield related traits it
was observed between cluster IV and I1l. Overal,
genotypes 1G-03-205, EC-528883 and OS-6 were found
to be more diverse. On the basis of high inter-cluster
values, hybridization between genotypes EC-528883
and JPO-28; 1G-03-205 and JPO-46; EC-528865 and
JPO-38 can be performed in order to exploit heterosis
and genotypes in these clusters can be used as parents
in future hybridization programmes. Mut et al., (2015)
also grouped 100 genotypes into seven clusters each
of which had 17, 21, 13, 12, 20, 12 and 5 genotypes.

Priyanka et al.,
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D? statistics for studying the genetic divergence and
divided 92 oat genotypes into nine clusters indicating
the presence of substantial genetic diversity in the
evaluated germplasm.
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