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Oat (Avena sativa L.) is one of the most important cereals in the world,
recognized as a significant source of essential nutrients for humans and
animals. This study was conducted to evaluate and identify high-yielding oat
genotypes under spring cultivation during two cropping seasons in
Kermanshah Province. In this study, the seeds of 43 oat genotypes were
sown in spring using a randomized complete block designs at the
Agricultural Research Farm, Faculty of Agriculture and Natural Resources,
Razi University, Kermanshah, during the 2019-2020 and 2020-2021
cropping seasons. The experiments were laid out in three replications and
evaluated based on grain yield and important agronomic characteristics. The
combined analysis of variance revealed a significant genotype x year
interaction for all measured traits (P<0.01). Analysis of variance for each
year showed that genotypes differed significantly (P<0.01) for all measured
traits. Based on the results of mean comparisons, it can be concluded that
the superior genotypes in terms of grain yield were genotypes 3 and 41.
Correlation analysis revealed that grain yield was positively and
significantly associated with thousand-grain weight (P<0.01) while showing
a highly significant (P < 0.01) negative correlation with plant height and
phenological traits. Path analysis determined that the greatest negative direct
effect on grain yield was related to days to anthesis. Cluster analysis also
showed that Genotypes 3, 22, and 15 were superior genotypes with desirable
agronomic characteristics. Regarding the superior performance in two years
and desirable agronomic traits, genotype 3 (Potoroo) was introduced as the
superior genotype for spring cultivation. Nevertheless, it is suggested that
these genotypes be investigated in more environments to introduce the most
stable genotypes for spring cultivation.
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Introduction

Oat (Avena sativa L.) is one of the most important cereals in the world, recognized as a
significant source of essential nutrients for humans and animals. Despite an equal cultivation
area of oats in Northern Europe and the Mediterranean regions, the oat grain yield in Northern
Europe is much higher than in the Mediterranean region (approximately 2.2 fold). The lower
performance of oats in the Mediterranean region may be attributed to the limited adaptation of
cultivars to local agro-climatic conditions, as well as their exposure to high temperatures and
drought. Notably, cultivars commonly grown along the Mediterranean coast are predominantly
spring types, whereas in northern European countries they are cultivated as winter crops.
Therefore, it is necessary to identify more adaptable oat cultivars adapted to Mediterranean
climatic conditions, particularly in Iran, where natural drought stress and climate changes pose
major challenges. This study was conducted to evaluate and identify high-yielding oat
genotypes under spring cultivation during two crop years in Kermanshah Province.

Materials and Methods

For the purpose of studying and evaluating oat genotypes, an experiment was conducted during
the 2019-2020 and 2020-2021 cropping season at the research farm of the faculty of
Agriculture and Natural Resources, Razi University. The experiment was arranged in a
randomized complete block design with 43 genotypes and three replications. The oat seeds
required for cultivation were obtained from the seeds that had been received from the Australian
Grain Gene bank (AGQG) and were kept in the grain bank of the Faculty of Agriculture and
Natural Resources, Razi University. The genotypes were selected from 360 genotypes
evaluated from our previous research, based on their growth habit (spring and winter types) and
overall . Spring cultivation of oat was carried out on March 12, 2020, and 2021, with a density
0f400 seeds per square meter. The seeds of each genotype were sown in three rows at a distance
of 22.5 cm from each other, and each row was considered to be 1.5 m in length. Seed sowing
was carried out manually, and after sowing, irrigation with the sprinkler method was performed.
Phenological traits were measured, including days to booting, days to heading, days to anthesis,
and days to physiological maturity, with the criterion for measuring these traits being the stage
at which 50% of the plants in each plot reached the target stage. In addition, morphological
traits, including plant height from the mean of ten randomly selected plants, number of grains
per spike from the mean of ten randomly selected spikes, thousand-grain weight from two
randomly selected samples of 500 seeds each, and grain yield from three 1.5-m rows and
extrapolated to kilograms per hectare, were measured. Data were analyzed using SAS version
9.2. After confirming the normality of data distribution and testing the homogeneity of error
variances with Bartlett’s test, both combined and simple analyses of variance were performed.
Mean comparisons were conducted using the least significant difference (LSD) test. In addition,
correlation analysis, cluster analysis, and path analysis of grain yield per unit area (dependent
variable) with days to anthesis, plant height, number of grains per spike, and thousand-grain
weight (independent variables) were performed using SPSS version 24.

Results and Discussion

Combined analysis of variance revealed that the effects of genotype and the genotype x year
interaction were significant for all measured traits (P < 0.01), whereas the effect of year was
significant for all traits with the exception of plant height, thousand-grain weight, and grain
yield (P <0.01). Analysis of variance for each year showed that genotypes differed significantly

Plant Genetic Research (2025) | Lorestan University 148



Evaluation of Spring Cultivation of Oat Genotypes (Avena sativaL.) ...

for all measured traits (P<0.01). Based on the results of mean comparisons, it can be concluded
that the superior genotypes with regard to grain yield were genotypes 3 and 41. Correlation
analysis showed that grain yield was positively and significantly associated with thousand-grain
weight, while exhibiting a highly significant (P < 0.01) negative correlation with plant height
and phenological traits. Path analysis determined that the greatest negative direct effect on grain
yield was related to days to anthesis. Cluster analysis also showed that Genotypes 3, 22, and 15
were superior genotypes with desirable agronomic characteristics.

Conclusions

The findings of present study revealed the presence of sufficient genetic variability for the
studied traits, showing that the genotypes are suitable for breeding purposes. Regarding the
superior performance in two years and desirable agronomic traits, Genotype 3 (Potoroo) was
introduced as the superior genotype for spring cultivation. Considering the central role of oat
germplasm in yield improvement and emphasizing the contribution of environmental
conditions to stability, it is recommended that these genotypes be evaluated in more
environments to identify the most stable genotypes in spring cultivation or to be used as parents
in crossing programs for the production of superior generations.
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Table 1. Oat genotypes used in the research with their origins

5, NS i Cf 5, NS Lice C—"’
Row Genotype Origin Type Row Genotype Origin Type
1 BRUSHER Australia 23 MITIKA Australia
2 EURO Australia Spring 24 POSSUM Australia
3 POTOROO Australia Spring 25 GA-MITCHEL USA
4 MORTLOCK Australia 26 GLIDER USA Spring
5 QUOLL Australia 27 13 ZOP 95 Canada
6 WANDERING Australia Spring 28 NILLE Australia
7 BANNISTER Australia 29 FLAMING MIRUS Germany Spring
8 WILLIAMS Unknown 30 QH1022 USA
9 WALLAROO Australia Spring 31 CHIHUAHUA Mexico Spring
10 WINTAROO Australia 32 SAN MAMEDE Portugal Spring
11 CARROLUP Australia Spring 33 TITUS Sweden
12 KOJONUP Australia 34 OTSUKU Japan Spring
13 DOLPHIN Australia 35 TYLER USA Spring
14 PARAMO Mexico 36 C-1/130 Unknown
15 WOMBAT Australia Spring 37 LA PERVISION Argentina
16 FORESTER Australia Spring 38 42 ZOP 95 Canada
17 WAOAT 2120 Australia 39 NINA Sweden Spring
18 YALLARA Australia 40 TRIUMPH Ireland Spring
19 TARAHUMARA Mexico Spring 41 SV-95057-35 Australia
20 DALYUP Australia Spring 42 MULGARA Australia
21 TAMMAR Australia 43 PRESTON USA
22 KOWARI Australia
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Table 2. Combined analysis of variance for different traits of 43 oat genotypes in the years 2019-2020 and 2020-2021
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Genotype
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Table 3: Simple analysis of variance for different traits of 43 oat genotypes in the years 2019-2020 and 2020-2021
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Table 4. Comparison of means for measured traits of 43 oat genotypes in the year 2019-2020

5T% 39 38 Shes b33, <5 gL 4l sl 833 als > Shes
TP b el B s ST S5 (o silw) 4 3 ) wls ) (e 30 5 kS)
Genotype Days to Days Daysto Days to physiological Plantheight Number of grain Thousand grain Grain
booting to heading  anthesis maturity (cm) per spike weight (gr) yield (kg/ha)
1 86.00 90.67 93.67 111.00 41.58 35.33 24.90 3297.80
2 82.67 84.00 89.00 110.67 42.62 38.00 34.25 4375.60
3 83.00 84.33 88.33 102.33 39.75 46.67 32.70 4894.20
4 83.00 84.00 86.67 107.33 46.17 35.00 31.90 3951.10
5 83.00 84.00 89.00 102.67 37.00 36.33 32.37 4531.30
6 83.00 84.00 87.33 101.33 40.00 41.00 29.01 4568.00
7 83.00 84.33 87.67 108.33 34.00 49.33 30.11 3948.10
8 82.67 84.00 87.00 106.00 33.50 51.67 29.45 4522.70
9 83.00 84.33 87.33 104.67 44.17 50.33 26.41 3635.90
10 83.00 84.33 88.33 104.00 45.42 39.67 34.05 4910.20
11 83.00 84.33 87.33 108.00 42.50 44.67 28.97 3868.40
12 83.00 84.00 88.67 109.00 36.00 40.00 30.92 4095.40
13 83.00 84.00 86.67 110.00 37.67 53.67 31.47 5011.90
14 83.00 84.33 86.67 95.67 61.92 45.67 38.90 3968.60
15 83.00 84.33 87.33 107.00 33.83 53.67 28.79 4002.70
16 85.33 88.00 91.33 108.67 63.17 54.33 30.16 2982.50
17 83.00 84.00 87.67 108.33 33.33 35.00 34.88 3523.00
18 83.00 84.00 90.33 107.00 41.92 42.67 30.27 3791.70
19 83.67 85.00 90.67 112.00 4525 64.33 30.16 3560.40
20 82.33 84.00 88.33 110.33 33.58 49.33 3391 4296.90
21 82.00 84.00 87.33 107.33 52.08 57.33 29.45 4061.00
22 83.00 84.00 88.00 99.00 29.67 45.00 31.77 3822.50
23 83.00 84.00 86.67 108.00 28.75 45.00 32.93 3919.70
24 84.00 84.67 89.00 107.00 29.92 54.33 30.44 3847.10
25 83.00 84.00 88.00 108.67 38.17 41.67 3147 3988.10
26 87.67 91.67 93.67 114.33 60.17 50.33 28.21 3235.10
27 85.67 90.33 92.33 115.33 73.50 70.00 26.08 3023.60
28 84.00 86.67 89.00 105.33 4433 38.67 33.45 2845.30
29 89.00 93.00 95.00 113.67 69.83 75.33 24.17 3247.40
30 83.00 84.33 88.33 107.00 4517 76.67 27.53 4507.00
31 86.33 87.67 89.67 105.33 58.42 55.00 28.55 2712.60
32 89.00 91.33 94.33 109.00 48.75 32.67 29.59 1233.80
33 91.67 96.00 98.00 114.33 57.75 56.00 25.56 1456.90
34 97.00 100.00 102.67 116.67 56.83 63.67 26.85 1529.50
35 83.33 84.00 87.00 104.33 49.08 62.33 22.63 2924.40
36 85.33 89.00 91.00 111.67 66.33 78.33 25.82 2856.40
37 90.33 93.00 96.33 111.33 51.08 40.00 29.51 1986.20
38 84.00 87.00 91.00 111.00 63.62 76.00 31.50 3040.00
39 84.00 86.00 91.67 110.00 69.75 71.00 27.40 2306.70
40 83.00 84.00 87.33 103.33 55.58 46.67 35.01 3043.90
41 83.00 84.00 88.67 104.67 33.08 45.67 33.71 4645.00
42 83.00 84.00 87.67 103.00 48.92 4233 31.72 4367.40
43 83.00 84.00 86.33 102.67 58.33 55.33 2447 3011.30
Jolo
82.00 84.00 86.33 95.67 28.75 32.67 22.63 1233.80
Minimum
Sl
97.00 100.00 102.67 116.67 73.50 78.33 38.90 5011.90
Maximum
oS
84.47 86.29 89.73 107.61 47.03 50.84 30.03 3566.22
Means
LSD 5% 2.61 2.28 3.51 4.92 8.20 11.68 5.58 1220.53
LSD 1% 3.46 3.02 4.66 6.53 10.87 15.49 7.40 1618.79
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Table 5. Comparison of means for measured traits of 43 Oat genotypes in the year 2020-2021
5TY 39 39 Shes b5, <5 gL 4l sl 833 s s> Shes

T el s b s S U S (il 2 (3 syl G s p 5 k8)
Genotype

Daysto Daysto Daysto  Days to physiological Plant Numberof  Thousand grain Grain
booting heading anthesis maturity height (cm)  grain per spike  weight (gr) yield (kg/ha)
1 7833 84.67 86.00 99.33 43.00 34.83 22.80 3296.70
2 64.00 70.00 74.00 99.00 4933 17.00 3227 4682.10
3 63.00 70.33 72.33 93.67 47.67 2733 31.13 7087.30
4 64.00 70.33 75.00 95.00 52.67 26.00 3253 3741.00
5 64.33 70.67 73.33 94.33 4233 21.00 3240 4687.70
6 63.33 70.00 72.67 91.00 4433 31.00 30.60 6390.80
7 61.00 68.67 72.67 92.67 4333 29.00 32.07 5692.70
8 61.00 68.33 78.67 100.33 38.67 3333 29.53 4699.00
9 58.00 62.33 68.67 92.67 56.00 2233 36.07 4634.40
10 61.00 68.00 70.67 91.00 54.00 19.67 32.40 5489.50
11 68.00 72.67 75.67 100.00 46.33 2733 2947 3508.70
12 66.67 73.67 75.67 101.33 3833 26.00 30.27 2758.70
13 79.67 83.33 86.33 112.33 81.00 47.67 1630 1088.40
14 57.67 62.33 65.67 83.67 6733 35.67 36.50 5538.20
15 70.67 7533 71.67 98.67 41.67 32.00 30.87 4424.60
16 71.00 7433 78.33 96.00 68.67 4033 29.13 3342.50
17 5733 65.00 68.33 97.00 38.67 31.00 35.07 4814.50
18 64.00 70.00 7233 98.67 49.00 15.67 3433 5901.90
19 68.00 74.33 7733 103.33 47.00 28.00 31.80 3870.20
20 66.00 74.00 76.00 95.00 35.67 23.00 3420 5302.80
21 66.33 7133 77.00 9333 52.67 24.00 26.87 4131.30
22 62.67 69.33 7133 91.00 35.67 2267 3520 468840
23 63.00 69.00 78.00 91.33 3333 1833 3353 6061.90
24 63.67 70.33 72.00 94.67 36.00 2733 3033 5164.20
25 65.67 71.00 73.00 91.67 4733 2533 3193 5779.90
26 76.00 81.67 83.67 104.67 5133 1833 31.00 2479.40
27 72.00 76.33 79.00 102.33 63.33 52.00 30.33 2597.60
28 7333 71.67 7933 100.00 55.67 2833 30.07 3801.60
29 78.00 82.00 84.67 104.67 67.00 4433 21.13 3059.90
30 66.33 73.00 77.00 93.67 52.67 4033 24.60 3687.70
31 61.67 65.00 68.00 88.00 61.67 31.00 27.87 5141.60
32 80.00 83.33 86.00 105.00 62.67 25.00 20.20 1445.60
33 76.33 80.67 82.67 100.00 69.67 52.67 21.00 1901.90
34 79.67 84.67 86.67 107.33 7333 5533 2233 3120.30
35 67.67 71.67 7433 93.67 62.67 3833 22.13 3256.00
36 71.00 75.00 7833 100.00 68.33 50.67 23.60 2889.20
37 80.67 84.67 86.67 104.00 6233 26.00 2493 1427.60
38 72.00 76.00 78.67 101.67 71.00 4333 2333 2609.50
39 7133 74.67 77.00 101.67 7533 48.00 23.13 261240
40 6533 69.67 72.00 99.67 62.00 2833 30.47 4483.00
41 63.67 68.67 71.00 94.67 4233 3433 31.80 6068.10
42 81.67 86.67 88.67 106.67 4433 34.00 26.87 3507.60
43 64.33 67.67 70.33 90.33 6233 41.00 2247 3799.70
Jolo-
5733 6233 65.67 83.67 3333 15.67 16.30 1088.40
Minimum
Sl
81.67 86.67 88.67 112.33 81.00 5533 36.50 7087.30
Maximum
ke
68.12 7345 76.57 97.56 5344 32.03 28.72 4062.00
Means
LSD5% 191 224 4.81 448 9.72 1133 4.58 1293.29
LSD1% 2.53 297 6.38 5.95 12.89 15.03 6.07 1715.29
s slaas Blod 51V 51 ojleds glacs 55 €l a O Sacs 55 o 5 0 &S ks Oly AJL.»}:.@L:} awlas b
g CL&.?)\ Bld 5l 5 ¥ o ks Slacs $5 ad e bl s e 8) 5 Y ol slacs 63 «ls 5 Ses bl
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Table 6. Correlation coefficients between measured traits of 43 Oat genotypes during 2019-2020 (bottom
diagonal) and 2020-2021 (upper diagonal) cropping seasons

s s s St 655 Cw)‘ wls sl 53] Ses
C"u‘" d"'«"“‘j ook lisles § S5 e e g PHERYN Lls s
Traits Daysto  Daysto  Daysto Days to Plant ~ Numberof Thousand grain  Grain
booting  heading  anthesis physiological maturity height grain per spike weight yield
. ’l [
O 1 0.980**  0.938%* 0.801** 0.459%* 0.440%* -0.732%* -0.778**
Days to booting
PO
ST o3 1 0.959 ** 0.814%+ 0324*  0371% 0669%F  0.720%*
Days to heading
SLesle g Gy,
< SRLE 0.947" 0.960" 1 0.818** 0.294 s 0.352%* -0.660** -0.716**
Days to anthesis
Sy b3
S5 0.597" 0.668™ 0.692™ 1 0331* 0.339* -0.547%* -0.723**
Days to physiological
maturity
Y CUU . - - "
0.441 0.532 0.466 0.329 1 0.6727%* -0.650** -0.601%*
Plant height
as gt 5 dls sl
Number of grain per 0.205™ 0.269m 0.248" 0.384 0.579 1 -0.666** -0.494**
spike
s im0
IR a1 0466 0408™ 040" 0388 0.524" 1 0.726%*
Thousand grain weight
s 3f<l‘“-“ ok o o - o s
-0.759 -0.760 -0.728 -0463 -0.570 -0.232m 0.449 1
Grain yield

Jl)b;‘duﬂé_jv\aﬂj.)\jOJLAJ;-\C]aMJg)l;@N%J:A{:HSJ k

*
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Vo4

,""and ™ Significant (0= 5%), highly significant (0= 1%), and non-significant, respectively.

Giee 43 SaS Cole Lol 5 s Cla 1ok 4 5w
SLy ot s oS Sl Slhs e hilyy Sy o
S ol oS i Ky s, Shes Als B OLLS
Btes oS oy 0 J 28 K5 Slio 51 55k Ja s
s Shes il (Li e al, 2021) s 5 ki _zale
ool Sooan Gl oo Lo 5 333 5 5ba OF sl
Solelad 53 e Gl dod 5 25 0l WSk
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(Gore et al.,2023) .l
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Table 7. Path analysis of measured traits on grain yield in two years 2019-2021

(s i S
A Indirect effects ) _ s
gy b i i gl ERERR o Y S T
C. . -
=< (. Dependent . o Direct Lo
8 € vaiable Traits Sladls Sy ad ot o alsl5a offoct  COrrelation o
Days to Plant Number of grain per Thousand grain
anthesis height spike weight
SLesle /U 39y
S S E 5 - -0.175 0.055 -0.085 0524 -0.728"
Days to anthesis
5o 5\a |
RS -0244 - 0.130 -0.080 0375 -0570"
S Plant height
E § w3, a5 dils sl 0.637
§ § Grainyield \mber of grain -0.130 -0.217 - -0.108 0224 -0232m
per spike
als Sl O3
Thousand grain 0.214 0.146 -0.117 - 0207 0450
weight
e ol
A Indirect effects i . 5
é %; Lol g e ol G, tu;)\ s sl O3s s S J<:“..us —.
C. . -
=~ Dependent . _ Direct . O
8 € varable Traits SWdles S gy adg= s als s effect Correlation .
Days to Plant Number of grain per Thousand grain
anthesis height spike weight
HWES /U 39y
S 655 - -0.107 0.021 -0.132 0498 -0.716™
Days to anthesis
5 ol
R -0.146 - 0.039 -0.129 0364 -0.601"
= Plant height
SE s
§ § abs Al ys ails sl 0691
§ § Grainyield \pimber of grain -0.175 -0.245 - -0.133 0.058  -0495™
per spike
&ls 58 03
Thousand grain 0.329 0.237 -0.039 - 0.199  0.726
weight

% w

lagme st 5 o3 ) 50 Jlaiml mha 5o ls pme 5w 5T

*

*, " and "*: Significant (a= 5%), highly significant (0= 1%), and non-significant, respectively.
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Table 8. Mean comparisons of clusters for measured traits of the 43 oat genotypes in the year 2019-2020

(Cluster) 4.4 5 Sl
o 1 2 3 4 5 6 7 Lt
(Trait) e Means

5 slael slas

e ’ 6 9 8 3 12 3 2 ;
number of cluster members
. T G

S 83.66 85.17 84.58 83.00 83.09 92.56 86.11 84.47

Days to booting
i U,
Days to heading
Slidles S6 55,

Days to anthesis
S35 Shes U5
Days to physiological maturity
rope Cu;)t
Plant height
ad gt s als slaws

85.39 87.20 86.40 84.22 84.35 95.78 88.67 86.29

88.91 90.62 89.87 87.78 88.06 98.33 93.00 89.73

107.34  108.55 107.82 10544 106.38 113.33  110.78 107.61

43.44 50.23 47.36 40.94 40.36 54.44 61.49 47.03

47.74 54.46 51.46 46.67 46.82 50.78 62.33 50.84
Number of grain per spike

M‘J )\Jb Q)}

Thousand grain weight

30.74 29.54 30.10 32.74 31.26 27.33 29.47 30.03

£l s Shas
3921.59 320591 3479.52 4938.77 4036.69 1406.73 244430 3566.22
Grain yield

WA=V E s Jl s ol O o5 Y s (o Se3ll Slivs sl b 2adS - Kls Slaslio -4 Jps

Table 9. Mean comparisons of clusters for measured traits of 43 oat genotypes in the year 2020-2021

(Cluster) a2 5> Sl
o 1 2 3 4 5 6 ok
(Trait) oiw Means

5 g clael sluws

iy clasls 13 6 4 8 1 1 -
number of cluster members
. TU .

) 68.12  69.58 6953 6773 68.05  63.00 68.12

Days to booting

kS . U .

hAET B0 7345 7463 7461  73.09 7328 7033 73.45

Days to heading

u.’:\.i.é'a)ﬁujj_)

Days to anthesis

76.57 77.54 77.59 76.32 76.47 72.33 76.57

Sohderd Saew, U
5855 Sdees 65 97.56 98.38 98.00 97.54 97.69 93.67 97.56
Days to physiological maturity
e Cuj)l
53.44 56.05 55.39 54.00 5434  47.67 53.44

Plant height
b s als sl
32.03 33.95 33.33 31.62 32.67 27.33 32.03
Number of grain per spike
als Ll 03y

Thousand grain weight

28.72 27.93 28.21 29.00 28.73 31.13 28.72

4l 3 Slas
4062.00 3674.92 3796.69 4051.13 3996.22 7087.30  4062.00
Grain yield
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Figure 2. Cluster analysis diagram using ward’s method and based on squared euclidean distance for the 43 oat
genotypes in the year 2019-2020
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Figure 3. Cluster analysis diagram using ward’s method and based on squared euclidean distance for the 43 oat
genotypes in the year 2020-2021
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