Journal of Crop Breeding Vol. 16, Issue 1, 2024 p: 32-45

Sari Agriculture Sciences and Natural
Resources University

Research Paper

Analysis of Genetic Diversity and Parameters Related to Agricultural
Traits in Oat Genetic Resources

Bafrin Molaei*, Sohbat Bahraminejad? > and Leila Zarei®

1- Ph.D. Student, Department of Plant Production and Genetics, Campus of Agriculture and Natural Resources, Razi
University, Kermanshah, Iran
2- Professore, Department of Plant Production and Genetics, Campus of Agriculture and Natural Resources, Razi
University, Kermanshah, Iran, (Corresponding author: sohbah72@hotmail.com; bahraminejad@razi.ac.ir)
3- Assistant Professore, Department of Plant Production and Genetics, Campus of Agriculture and Natural Resources,
Razi University, Kermanshah, Iran

Received: 14 June, 2023 Accepted: 3 December, 2023

Extended Abstract

Background: As a dual-purpose cereal, oat (Avena sp.) has an important role in providing human
food and animal feed and fodder due to its high amounts of beta-glucan, protein, vitamins,
minerals, fatty acids, and valuable antioxidants. Oat breeding programs have been steadily
decreasing compared to other cereals due to the decrease in its cultivated area. Therefore, it is
critical and valuable to identify and study the sources of diversity in oats to produce new cultivars
with better quality and higher grain yield per unit area. Thus, this experiment aimed to evaluate
different genetic parameters and principal component analysis (PCA) to determine the level of
genetic diversity in oat genotypes.

Methods: This study was conducted on 361 oat genotypes of seven species belonging to 50
countries from five continents that were received from the Australian Grain Gene (AGG) bank
and kept in the gene bank of the Campus of Agriculture and Natural Resources, Razi University.
The genetic parameters related to plant height, panicle length, days to 50% flowering, days to
50% physiological maturity, biological yield, grain yield, straw yield, harvest index, thousand-
seed weight (TSW), the number of seeds per panicle, and the number of panicles per square meter
of the genotypes were estimated for the genotypes. This experiment was conducted in a simple
square lattice design with two replications under normal irrigation conditions in the research farm
of the Agriculture and Natural Resources Campus, Razi University, Kermanshah, in two cropping
years 2017-2019.

Results: Based on the results of the one-year analysis of variance, highly significant differences
were observed between genotypes regarding all the measured traits, indicating the presence of
considerable genetic diversity between these genotypes. The results of mean comparisons based
on the LSD test revealed that (NILE), (KENT), (LA PREVISION), (ZLATAK), SDO-185),
0X87:080-2), (ACACIA), and (DUNNART) genotypes produced the highest grain yields for two
years. Moreover, Genotypes (LIGOWA), (NILE), (VENTURA), (YULAF), (NMO-712), (SDO-
185), (VDO0-931.1), (SLAVUGE), and (n0.9278) presented the highest mean biomass values in
two cropping years. The results of the descriptive statistics showed a wide range of changes for
most of the investigated traits, as varied for grain yield from 56.30 to 789.81 g/m? in the first year
and from 39.59 to 627.28 g/m? in the second year. Based on the correlation analysis results, the
most positive and significant phenotypic correlation was calculated between biological yield and
straw yield in both years. The results of phenotypic and genotypic correlations showed significant
relationships between grain yield and all studied traits, except for plant height, panicle length,
days to heading, and days to maturity in the first year. A significant phenotypic correlation was
also found between grain yield and all traits, except for plant height and straw yield in the second
year. The traits of TSW, plant height, days to heading, and number of panicles per square meter
showed the highest genetic variance in both years. The range of general heritability in the first
year was variable from 70.06 to 95.87%, respectively, for the traits of days to physiological
maturity and TSW, and from 77.85 to 94.91% for biological yield and TSW in the second year.
Grain yield, biological yield, straw yield, the number of panicles per square meter, and the number
of grains per panicle had a high percentage of heritability and genetic advance simultaneously.
Based on the PCA results, the first two main components explained 63.3 and 67.8% of the total
changes in each year, respectively.
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Conclusion: The variance analysis results of the data obtained from this study indicated
significant genetic diversity among the evaluated genotypes in terms of all measured traits, which
could be attributed to the existence of different species with different geographical origins.
Comparing the average data, genotypes 336, 349, 356, and 360 were introduced as those with the
highest average grain yield in both years. Based on the results of PCA and correlation analysis,
the traits of the number of panicles per square meter, the number of grains per panicle, TSW, and
biological yield are very effective in breeding programs to achieve superior varieties. The NILE,
LA PREVISION, 0X87:080-2, and DUNNART were the superior genotypes in terms of the
mentioned traits and grain yield. The estimation of genetic parameters reveals that the selection
based on the number of panicles per plot, the number of grains per panicle, and plant height plays
a significant role in improving grain yield because of having a high broad heritability and
significant genetic advance at the same time. According to the results of this study, it is possible
to separate the superior genotypes in terms of grain yield and biological yield, and subsequent
tests can be performed separately for grain and fodder genotypes. Moreover, valuable traits for
easier access to this important issue could be identified in subsequent oat improvement programs.
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Figure 2. Ambrothermic diagram of 2018-2019
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Table 2. Descriptive statistics of traits measured in two croping years 2018-2019 and 2019-2020

e Byl (il el Jl oo
SD*Mean Rang Year Traits
127.85+385.13 56.30-789.81 2018-2019 GY(gim?)
108.92+340.81 39.59-617.28 2019-2020
80.78+235.51 52.05-491.57 2018-2019 NPPP
67.99£208.10 36.35-452.99 2019-2020
28.96+72.56 8.80-187.87 2018-2019 NGPP
36.37£100.84 33.46-209.03 2019-2020
5.60£28.13 13.85-42.40 2018-2019
5.29%24.84 10.56-44.06 2019-2020 TKW(g)
422.54+1262.62 308.65-2698.44 2018-2019 BIO(g/m?)
275.72+£1114.41 287.01-2008.76 2019-2020
339.84+877.41 57.76-2156.72 2018-2019 SY(g/m?)
242.13+773.44 215.87-1569.82 2019-2020
15.23+87.14 43.11-122.09 2018-2019 PH(cm)
17.56%97.38 32.49-141.38 2019-2020
3.81+21.26 11.27-33.86 2018-2019 PL(cm)
4.00£23.08 13.13-38.39 2019-2020
0.08%0.31 0.06-0.61 2018-2019 HI (%)
0.09£0.31 0.06-0.54 2019-2020
7.42+171.08 152.32-188.38 2018-2019 DH (day)
9.56£190.02 169.00-209.00 2019-2020
5.39£200.32 180.89-222.38 2018-2019 DM (day)
9.56£225.18 216.00-241.00 2019-2020
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PH: Plant Height, PL: Panicle Len?th, NPPP: Number of Panicles Per Square Meters, NGPP: Number of Grains per Panicle, TKW: Thousand-

Kernel Weight, BY: Biological Yie|
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Table 3. Estimated genetic parameters for different traits in two crop years 2018-2019 and 2019-2020

B

I s T L)) L) L)
DL s B0 B S s S At A et SO DA lis
453 53 hy PRE o s sl N3 Mean Year Traits
GAM (%) GA (%) s oy =) a? a2 a2
revie) oY ocven)
49.15 189.29 75.47 31.61 15.66 27.46 14823.15 3635.72 11187.43 385.13 2018-2019 GY (g/m?)
55.52 189.22 85.75 31.43 11.87 29.11 11475.46 1635.48 9839.98 340.81 2019-2020 9
55.48 130.70 80.61 33411471 30.00 610408 1201.34 _ 4093.64 23551 2016-2010 NPPP
53.04 110.39 80.0L 3218 1439 28.79 448501 896.40 358,61 208.10 _2019-2020
57.52 4174 70.90 3038 2125 3316 816,67 23763 579.04 7256 2018-2019 NGPP
58.71 50.20 0.24 3550 1579 3182 1282.70 253.44 102025 100.84  2019-2020
38.50 10.86 5.87 1054 397 10.13 3021 1.5 28.96 L R 12—
4135 10.27 4,97 2115 477 20.60 27.60 141 26.10 24.84 2019-2020 9
48.69 614.71 76.06 31.07 5.21 27.10 153940.21 36860.83 117079.38 1262.62 2018-2019 BIO (g/m?)
5.94 00.50 77.85 2241 .55 19.77 62363.30 13812.69 48550.61 1114.41 2019-2020 g
4.47 77.95 73.78 35.84 B35 3070 OBOOLI3 2503537  7o065.76 _ B/74l 01BN oo o
47.80 69.73 8L.20 8.58 2.39 575 48850.74  0187.18 3067256 77344 2019-2020 g
3135 27.32 89.84 6.4 4 6.06 217.88 22.14 195.74 8714 2018-2019 Ph (cm)
33.82 32.04 B2 7.48 431 6.4 289.81 1762 27218 97.38  2019-2020
29.34 6.25 79.72 786 B.04 5.05 14.46 2.03 1153 21.26  2018-2019 PL (m)
29.18 6.73 82.59 715 716 559 15.67 2.73 12.94 23.082019-2020
36.96 0.11 75.62 23.73 11.72 20.63 0.01 0.001 0.004 0.31 2018-2019 HI (%)
0.54 0.17 8.86 0.30 0.10 0.28 0.01 0.000 0.01 0.31 2019-2020 0
7.10 12.15 1.03 4.26 .85 3.83 53.00 10.06 42.95 171.08 2018-2019 DH (day)
9.51 18.07 2.31 5.00 .39 4.80 90.25 6.94 83.31 190.02 2019-2020 Y,
3.70 7.42 0.06 2.57 .40 2.15 26.41 7.91 18.50 200.32 2018-2019 DM (day)
3.78 8.51 89.20 2.06 8 1.94 21.43 2.31 19.12 225.18 2019-2020 Y,
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PH: Plant Height, PL: Panicle Length, NPPP: Number of Panicleslger square meters, NGPP: Number of Grains per Panicle, TKW: Thousand-Kernel Weight, BY: Biological

Yield, GY: Grain Yield, SY: Straw Yield, HI: Harvest Index, DH:
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Table 4. Genotypic (upper diameter) and phenotypic (lower diameter) correlation coefficients in two crop years 2018-

2019 and 2019-2020 (N=361)

DM DH HI PL PH SY BIO TKW NGPP NPPP GY Jlo o
(day) (day) (%) (cm) (cm) (g/m?) (g/m?) (@ (g/m?) year Traits
-0.05™ -0.05™ 0.397 0.22 0.01™ 057 0.76" 0.36" 0.22" 0.37" 2018-2019 GY
0.68™ -0.58" 0.76 0497 0.15" -0.00™ 0.47 0.63" 0.28" 0.64~ 2019-2020 (g/m?)
0.48" 0.447 0.14~ 0.34" 0.12" 0.25 031 0.8~ 0597 0.397 2018-2019 NPPP
0.68 -0.65 0.52" 055 0.22" -0.04™ 0.29~ 0.45~ 0.72 0.60" 2019-2020
0.54~ 0.61" 0.107 0.54~ 0.317 0.24~ 0.25" 050 044~ 0.24~ 2018-2019 NGPP
053" 0.69" 0.32" 057 0.18" 0.12" -0.03® 0.60 059 019" 2019-2020
0.36 053" 0.49™ 0437 0.35 -0.03% 0.09™ 0427 0.24~ 0.8~ 2018-2019 TKW
-0.46~ -0.59™ 0.67 -0.597 -0.34~ -0.18™ 0.13 -0.527 0.407 0.56~ 2019-2020 (@)
031 0.32" 0.30" 0.46~ 052" 0.97" 0.06™ 0.6~ 0.34~ 0.73" 2018-2019 BIO
-0.06™ 0.13% 0.207 0.19~ 057 0.88~ 0.06" 0.05™ 0.317 0.47~ 2019-2020 (g/m?)
0.44~ 0.42~ 053" 0.58™ 0.65~ 0.96" -0.03™ 0.23" 0.8~ 0.53" 2018-2019 SY
0.27" 0.44~ -0.60" 0.46~ 0.72" 0.927 0187 0.14~ 0.08™ 0.08™ 2019-2020 (g/m?)
0.27" 0.47 0.65 0.76" 0.54~ 0.47 031 0.307 -0.05™ 0.10™ 2018-2019 PH
-0.01" 021" 056 0.54~ 0597 050" 0.327 0.22" 013 -0.06™ 2019-2020 (cm)
0.61 050" 062" 0.63" 0.47 0.40" 037 0.54~ 0.237 0.06™ 2018-2019 PL
0.52~ 0.69" 0.69" 0.53" 0.38™ 0.19™ 0527 0.54~ 045" -0.37 2019-2020 (cm)
049 048 047 052 052 0.30 0.39 -0.03™ 0.11 0.37 2018-2019 HI
0.70 0.70 0.58 051 0.62 0.27 0.60 0.27 0.42 0.69 2019-2020 (%)
0.85 0.38 0.49 0.37 0.04 0.21 045 0.47 0.36 -0.04™ 2018-2019 DH
0.8T -0.60 0.58 0.19 -0.52 0.06™ -0.56 0.57 -0.58 -0.52 2019-2020 (day)
0.68 0.36 0.46 0.17 0.24 0.18 0.28 0.36 0.34 -0.05™ 2018-2019 DM
0.75 -0.56 0.45 -0.04™ 0.16 -0.10 -0.41 0.43 -0.60 -0.59 2019-2020 (day)
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Table 5. The results of the analysis of the main components based on the traits measured in the cropping years of

2018-2019 and 2019-2020
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2019-2020 2018-2019 Year
PC2 PC1 PC2 PC1 clio
Traits
046 0.70 087 007 GV (G
0.26 078 0.65 043 NPPP
0.19 0.72 0.03 0.73 NGPP
0.19 0.75 0.35 058 TKW(g)
0.88 0.10 0.85 0.41 Bio(g/m?)
0.76 0.33 0.30 0.65 PH (cm)
0.40 0.75 014 0.83 PL (cm)
0.04 0.86 015 0.81 DH (day)
0.23 0.77 018 0.71 DM (day)
1.89 420 219 3.50 o5ig e
Eigen value
%l

21.05 46.75 24.37 38.93

Variance (%)
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ht, PL: Panicle Length, NPPP: Number of Panicles per plot, NGPP: Number of Grains per Panicle, TKW: Thousand-Kernel Weight, BY: Biological Yield,

GY: Grain Yie%d, SY: Straw Yield, HI: Harvest Index, DH: Day to 50% Heading, DM: days to 50%maturity.
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Figure 3. Biplot resulting from the analysis of the main components based on the traits measured in the
cropping year 2017-2018
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Figure 4. Biplot resulting from the analysis of the main components based on the traits measured in the cropping year
2019-2028
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