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Extended Abstract

Background: Canola (Brassica napus L.) has become the third most valuable edible oilseed crop
worldwide after soybean and oil palm. Considering the importance of canola cultivation, it is
important to identify genotypes with high yield potential to obtain superior crosses. Combining
ability can determine the capacity of an individual toward the transmission of superior
performance to offspring. Diallele analysis is used as a very powerful and efficient method to
estimate genetic parameters, gene function, specific and general combinability, and determine the
amount of heterosis. In this study, therefore, diallele crossing was used in eight spring and winter
cultivars to estimate the combinability and heterosis of these cultivars in terms of phenological
and morphological traits to identify promising parents and hybrids for future breeding programs.
Methods: Four spring canola cultivars (RGS, Asa, Baharan, and Dalgan) and four winter cultivars
(Zarfam, Nima, SLM2246, and Okapi) were crossed as a one-way diallele design in 2022-2023.
The hybrids of the first generation, along with eight parents (36 genotypes in total), were
evaluated in a randomized complete block design with three replications in 2023-2024. The
studied traits included the number of days to flowering, the number of days to maturity, plant
height, length of the main branch, the number of sub-branches, the number of pods in the main
branch, the number of pods in the sub-branch, pod length, the number of grains per pod, 1000-
grain weight, and seed yield. Statistical calculations of the measured data were performed using
DIALL (1.1) and SPSS (16) software.

Results: The results of diallele analysis in both general combinability (GCA) and specific
combinability (SCA) were significantly different among the parents and hybrids for all the
investigated traits; therefore, additive and non-additive components play a role in the inheritance
of all traits. On the other hand, the estimates of GCA variances were higher than the SCA variance
in all the studied traits, indicating that additive variance was more than the non-additive variance.
Spring genotypes with negative and significant GCA for the number of days to flowering will be
prioritized to reach early cultivars. Negative and significant results of SCA were observed in six
crossings for this trait. Most crosses with negative and significant SCA had at least one parent
with negative and significant GCA for this trait. In terms of plant height, RGS and Dalgan
genotypes showed significant negative GCA. Six hybrids had negative and significant SCA for
plant height; hence, they can be used to reduce height in breeding programs. There was a positive
and significant GCA in increasing the number of pods in the main branch of the Baharan, Dalgan,
and Asa genotypes and the number of pods in the sub-branch of the Nima, SLM046, and Okapi
genotypes. Therefore, these genotypes will be prioritized to increase these traits. In addition,
positive and negative SCA were observed in crosses for these traits. Asa, Baharan, and Zarfam
genotypes with positive and significant GCA were recognized as the best combiners to increase
the number of seeds in the pod. Seven hybrid compounds with positive and significant SCA were
recognized as superior compounds for increasing this trait. Asa and Dalgan genotypes with
significant positive GCA were considered among the desirable genotypes for increasing grain
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yield. SCA was observed positively and significantly in 11 crosses, which indicated the non-
additive effect of genes to increase this trait. The degree of heterosis compared to the superior
parent for the number of days to flowering trait in most of the crosses was significant in the
negative direction. Varieties RGSxQOkapi, Baharan x Okapi, and Asa % Okapi crosses with
significant heterosis will be given priority in terms of early maturity. Considering the desirability
of shortening in rapeseed, RGS x Asa and RGS x Zarfam crosses with significant negative
heterosis are preferred for height reduction. The crosses SLM046 x Okapi and Asa X Zarfam
showed the highest amount of heterosis in the number of pods in the main branch. The crosses
Nima x Okapi, SLM046 x Okapi, and Baharan x Dalgan with the highest amount of heterosis
will be prioritized to improve the number of pods in the branch. RGS x Okapi, Baharan x Dalgan,
Asa x Okapi, and RGS x Zarfam crosses showed significant positive heterosis in terms of the
number of seeds in the pod. In terms of grain yield, Dalgan x Okapi, Dalgan x SLM046, Zarfam
x SLMO046, Baharan x Zarfam, and Nima x Okapi crosses are preferred with the highest amount
of heterosis.

Conclusion: The estimation of traits' combinability showed that RGS and Dalgan cultivars were
the best general combiners to reduce the number of days to flowering, the number of days to
maturity, and plant height. Therefore, these cultivars can be considered a source of desirable
alleles to achieve early maturity. In addition, Asa and Baharan cultivars were recognized as the
best combiners to increase yield and some related traits. Nima x Okapi, Dalgan x Okapi, RGS x
Dalgan, and Asa x Okapi crosses were the best specific combiner hybrids for increasing yield and
some related traits, while these crosses showed positive and high heterosis in seed yield.
Therefore, their parents can be suggested for the production programs of new cultivars and
improvement of canola genotypes for seed yield.
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Table 1. Specifications of rapeseed genotypes used in the present study
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Griffing’s method 2 (model I)
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Table 3. Mean comparisons of phonological traits and yield components of eight oil rapeseed genotypes
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1320.00¢ 0.469* 25.66" 6.16™ 235.76° 29.06° 7.30%° 32.50¢ 148.16% 224.67* 149.33° SLM046
1360.00¢ 0.427% 21.36° 5.86° 223.06°¢ 28.86° 6.96% 41.63¢ 149.50* 226.00° 161.00* Okapi

)5l xe glds o yd N Jlein] g j3 Sl (glaials di yg05] bl pr i S yiiie By S JBlas )1 g y2 3 4 olb ke
In each column, means followed by at least one letter in common are not significantly different at the 1% probability level, using Duncan‘s multiple range test.
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Table 4. General combining ability of yield components and seed yield in eight oil rapeseed genotypes

a3Ls M Hlaws 3l e sl
c _ . . GMe A . | sl LS glas) G jg, dlass
e e e . J# b sl kel 558 L3 ol L}o., dgo e cer S 1, b o) oliss oy Lol
" in wel VR (yasles) i (ocsl) A 2 9
(s 1000-grain weight M Pod per lateral Pod per main Lateral . ; D . P
. Pod length branches Length of main Plant height ays to maturity Days to arents
Yield (kg/ha) (® Seeds per pod ( cm)g branches branch branch (cm) (cm) flowering
-216.337 -0.01" -0.56" -0.09"™ -70.38" -1.1 l: -0.557 2.947 -14.527 -5.90" —9.03:: RGS
256.33" 0.00™ 0.38" 0.36™ -8.347 1.70 -0.07" 0.28 "™ 5.10 -1.66 ™ -6.637" Asa
13.00™ -0.00™ 1.057 0.12" -21.24™ 7417 -0.417 7.26" 0.53" -0.53 -4.637 Baharan
397.66” 0.00"™ 0.14™ -0.09™ -18.097 2987 -0.24™ 6.37 -1.707 -90m™ -4.93 Dalgan
-113.007 0.027" 0477 -0.217 -33.56" -2.077 -0.427" -0.24 " 1.84 -6.16™ 0.00"™ Zarfam
-259.00™ -0.01" -0.55"" -0.07" 73317 -6.95™ 0.98"" -8.68"" 1.52" 6.30 9.53™ Nima
-35.00" 0.027" -0.46” 0.02™ 36.27° 0.28"™ 0.31° -3.53” 6.46™ 2.96™ 5.06" SLM046
-43.66" -0.01° -0.487 -0.02" 42.03™ -2.247 0.42" -4.38™ 0.72" 5.90™ 10.907 Okapi
26.45 0.004 0.17 0.07 3.58 0.37 0.14 0.39 0.41 1.65 0.41 SE(gi)

o3 S g iy Jloin] zolaw 55 I3 jixe g 5 dme puE iy # g % s
ns ¥, **: non-significant and significant at 5% and 1% probabilitylevels, respectively
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Table 5. Mean comparisons of phonological traits and yield components of half diallel crosses of eight oil rapeseed genotypes

2 pSS) 3,5 PHR )\}rj 7) 4 il slass A Jobo J)’tc Sl - e _sb,.-s e 45l s kol a3l Jobo olS glas,l 14 }i) Sl G 59, :l:w' .
(s 100(8;) i . ]g,:; IL;J L“}Z b dtlmblﬁ Pﬁm] i Lateral L ():;%b) i Pf’wful)q 13; o DUMS Crouses
. -grain . od lengtl od per lateral od per main bi h ength of main ant height ays to ays to
Yield (kg/ha) weight (g) Seeds per pod (cm) branches branch ranches branch (cm) (cm) maturity flowering
1560.00" 0.470>" 23.601% 5.80° 163.85™ 46.85°" 7.20°" 50.35% 122.85" 203.00¢ 132.50¢" RGSxAsa
1720.00%" 0.448" 27.46bcd 6.43% 166.33™ 50.33¢ 7.23¢h 65.03¢ 142.73™ 198.33¢ 122.00¢ RGSxBaharan
2320.00° 0.4011 25.40%1 6.36" 167.63™ 51.13¢% 6.96" 77.03* 143.66™ 204.00¢ 122.33¢ RGSxDalgan
1586.67" 0.479>¢ 28.00° 6.23%¢ 141.33™ 40.001% 5.56 61.73¢d 140.73™ 211.67¢ 131.33¢f RGSx Zarfam
1313.3384 0.4001 23.06 5.46° 202.231k 39.06% 8.93d 48.60% 156.1002" 216.67% 147.67¢ RGSx Nima
1186.67" 0.453" 24.868* 5.830f 160.16'™ 41130 7.50%h 55.63¢h 146.834 211.67¢ 142.33¢ RGS* SLM046
1220.009 0.360% 26.10°" 6.03%F 178.33™ 38.26% 7.03% 53.83h0 145.904 220.67%® 142.33¢ RGSx Okapi
2086.67" 0.445% 25.73¢h 6.60% 162.034m 63.23* 6.86" 58.36%¢ 163.06¢F 213.33¢ 131.67¢f AsaxBaharan
2226.67% 0.500% 25.008% 6.10>¢ 179.03™ 30.83' 8.00°™ 47.83k 156.03¢h 216.67> 144.33%¢ AsaxDalgan
2133.33% 0.458h 25.60% 5.73%F 193.73™ 56.96 6.73" 60.80°F 171.63% 213.33¢ 129.00° Asax Zarfam
2180.00bc 0.413¢n 25.16% 6.56 291.101% 42.93¢hi 8.76%¢ 49.00% 172.23% 220.67% 149.67° Asax Nima
2033.33% 0.511° 26.86%¢ 7.19* 378.96% 51.13% 9.63%® 58.40%¢ 169.26% 213.33¢ 137.67¢ Asax SLM046
2213.33 0.462¢¢ 27.36"¢ 6.60% 332.16% 43.70% 8.36"™" 56.66¢" 174.53% 220.67% 145.67¢ Asax Okapi
2173.33% 0.480>¢ 29.93* 6.20° 336.50% 63.03* 8.10"¢ 72.33° 151.601 213.33¢ 137.67¢ BaharanxDalgan
2180.00% 0.434¢ 27.13%f 6.00>F 203.961% 50.434% 6.83g-j 61.93 158.96 220.67%® 137.67¢ BaharanxZarfam
1246.67" 0.427% 24.40M% 6.27¢ 372.03b4 47.96¢ 8.76" 53.26" 163.43¢ 220.67% 144.00¢ BaharanxNima
1673.33¢f 0.458h 26.13%" 6.13%¢ 362.80%¢ 49.76% 8.10°¢ 57.50¢h 157.96¢ 216.67% 144.00¢ BaharanxSLM046
1573.33% 0.486% 24.66"% 5.96"f 205.731 43.308n 7.56%h 57.16' 148.83%% 216.67% 142.33¢ BaharanxOkapi
2053.33% 0.433¢ 23.36% 5.26° 170.900: 42.20M 6.36Y 48.76% 143.90™ 213.33¢ 133.00¢f Dalgan xZarfam
1540.00%" 0.406" 26.00¢h 5.96F 249.56" 39.801k 7.90%" 49,86 163.50¢ 220.67% 144.00¢ Dalgan xNima
2746.67° 0.484bd 23.26% 6.30°¢ 232.60M 53.06% 77340 54.73¢h 166.06% 213.33¢ 134.67% DalganxSLMO046
2866.67" 0.431¢ 24,73k 6.13%¢ 359.60%¢ 52.86 9.40% 63.70° 148.53% 220.67% 152.33% Dalgan xOkapi
1053.33! 0.43941 27.66% 5.70¢f 303.53¢ 26.20™ 8.50¢ 37.86' 145.634 222.00° 151.00° ZarfamxNima
2000.000¢¢ 0.606" 19.40! 5.83%F 259.23¢h 45,23 7.80" 55.96¢h 176.73* 213.67¢ 144.00¢ ZarfamxSLM046
1160.00' 0.427% 27.60%¢ 6.10%¢ 223.10M 37.36% 8.33b¢ 38.40' 152.93hi 216.67% 151.00° Zarfam xOkapi
1486.67" 0.442% 25.60% 5.53def 348.50° 42.00" 8.53%F 52.101 165.36% 222.00° 152.67° NimaxSLM046
1926.67¢% 0.447% 24.10M 6.10>¢ 526.33* 42.00M 10.33% 38.00! 151.400 222.00° 156.67* Nima xOkapi
1620.00 0.366) 24.40"k 6.10>¢ 402.10° 58.40° 8.00b-" 40.33! 157.100" 223.33° 160.33* SLM046xOkapi
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In each column, means followed by at least one letter in common are not significantly different at the 1% probability level, using Duncan’s multiple range test.
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Table 6. Specific combining ability of yield components and seed yield in half diallel crosses of eight rapeseed genotypes

AL M sl

AL B slass

13 pSskS) 5,Sles by )l}zf 039 15 &l olas e Job el L PR hol 4l Job oS glas)l 9 )'5/) las G 59, 5\:\15 b 5
(Hls (p5) . M (e (5Bl Pod per lateral Pod per main Lateral (2 (s5L) . (= JDL‘) ) ) 2 Cruj
Yield (kg/ha) 1000grain Seeds per pod Pod length branches branch branches Length of main  Plant height Days to Days to 0558
weight (g) (cm) branch (cm) (cm) maturity flowering
-268.51™ 0.04™ -1.12° -0.27™ -6.72™ 1.13™ 0.18™ -6.55™ -20.02" -4.28™ 7.92% RGSxAsa
174.81" 0.02" 1.80" 0.30™ 7.61™ 0.02" 0.56™ 2.02m 436" -10.08 ™ -4.47" RGSxBaharan
390.14™ -0.03" 0.64™ 0.45° 5.76" 5.25% 0.12™ 14.92" 7.55% -4.05™ -4.10™ RGSxDalgan
167.48" 0.02™ 291" 0.43" -5.06™ -0.82m -1.09 6.24" 1.07™ 8.88™ -0.04 RGSx Zarfam
40.14™ -0.01™ -0.98 ™ -0.47 -51.04™ 3.12% 0.86 1.54m 16.76" 1.41m 4.75" RGSx Nima
-310.51™ -0.00™ 0.72m -0.20™ -56.07"" -2.04m™ 0.09™ 3.44 2.53" -0.25™ 5.89™ RGSx SLM046
-268.51"" -0.05™" 1.97 0.04" -43.66™ -2.38° -0.47"™ 247 736" 5.81™ 0.05" RGSx Okapi
68.81™ 0.00™ -0.87™ 0.00™ -58.73" 10.11°" -0.28 ™ -1.98™ 5.07" 0.68™ 2.79° AsaxBaharan
-175.85" 0.04™ -0.70 ™ -0.27™ -44.87" -17.86™ 0.68" -11.62" 0.29™ 4.38" 15.49" AsaxDalgan
241.48" -0.01™ -0.43™ -0.52° -14.70™ 13.33™ -0.40™ 7.96™ 12.34™ 6.31m™ 477" Asax Zarfam
434.14" -0.02" 0.16™ 0.16™ -24.22° 4.18" 0.21m™ 5.49™ 13.26" 1.18™ 635" Asax Nima
63.48" 0.03" .77 0.69" 100.68™ 5.14™ 1.75™ 8.87" 536" -2.81™ 117 Asax SLM046
252.14™ 0.02™ 229" 0.14" 48.12" 0.23 1 0.37™ 7.96™ 16.37" 1.58m 0.99 Asax Okapi
14.14™ 0.04™ 3.56™ 0.06™ 125.48™ 8.62" 1.12° 5.89™ 0.41m -0.08 ™ 7.09™ BaharanxDalgan
531.48™ -0.02™ 0.43 ™ -0.01™ 8.42m 1.08™ 0.03™ 2.11m™ 423" 12.51° 2.15m BaharanxZarfam
-255.85™ 0.00™ -1.27 0.10" 69.60" 3.50" 0.55m 1.88™ 9.02"" 0.04" -1.04 BaharanxNima
-53.18™ -0.00™ 037" -0.12™ 97.41™ -1.93™ 0.56™ 0.98™ -1.38™ -0.61™ 3.42™ BaharanxSLM046
-144.51™ 0.06™ -1.07" -0.24 -65.41" -5.87" -0.07" 1.48™ 477" -3.55m -4.07" BaharanxOkapi
20.14" -0.03" -2.42" -0.53" -27.78" 2.72° -0.59™ -10.16™ -8.57™ 5.54n -2.47" Dalgan xZarfam
-347.18™ -0.02™ 1.23 0.02" -56.00" -0.23™ -0.47" -0.62™ 11.34" 0.41m -1.00 Dalgan xNima
635.48™ 0.01™ -1.58™ 0.26" -35.92" 579" 0.02™ -0.88™ 8.97" -3.58™ -5.87" DalganxSLM046
764.14™ 0.00™ -0.09 ™ 0.14" 85.31" 8.11%" 1.58" 8.91™ -2.82° 0.81™ 5.95™ Dalgan xOkapi
-323.18™ -0.01™ 2,57 -0.12™ 13.43" -8.77" 0.30™ -6.00™" -10.07" 7.01" 1.05" ZarfamxNima
399.48™ 0.11%" -5.78™ -0.09™ 6.17™ 3.01° 0.27™ 6.96" 16.08" 2.01™ -1.47" ZarfamxSLMO046
-431.85™ -0.02™ 243" 0.221 35717 -2.32° 0.70™ 977" -1.97m 2.08™ -0.30™ Zarfam xOkapi
32,141 -0.01™ 1.44™ -0.53" -11.44" 4.66" -0.40™ 11.53" 5.04" 211 -2.34m NimaxSLM046
480.81"" 0.03" -0.03™ 0.08 160.63™ 7.19% 1.28" -1.73m -3.18° -5.05™ 417" Nima xOkapi
-49.85m -0.08™ 0.17" -0.01™ 73.43" 16.35™ -0.37™ -2.40° -2.42m -0.38™ 3.95™ SLM046xOkapi
81.09 0.013 0.53 0.22 10.97 1.16 0.43 1.20 1.25 5.07 1.27 SE(sij)
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Table 7. Heterosis over parents in half diallel crosses of eight oil rapeseed genotypes
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Yield (kg/ha) 1000-grain Seeds per Pod length Pod per lateral ~ Pod per main branches Length of Plant height maturity flowering Cross
g weight (g) pod (cm) branche branch main branch (cm)
(cm)
Htb Htb Htb Htb Htb Htb Htb Htb Htb Htb Htb
-433.33 ™" 0.05 1.531 -0.76 -69.00™ 6.10™ 0.80" 1.16™ -23.30 -5.00™ 15.33™ RGSxAsa
113.33™ 0.01™ 1.66™ 0.13™ -17.83m -0.73 1 0.831 3.90" -2.23m -16.00 -5.66" RGSxBaharan
426.66™ -0.03 " 0.26™ 0.53" -20.53 4,63 0.56" 14.70 3.33™ 7331 -0.66 " RGSxDalgan
233.33™ 0.00™ 1.73 0.23" -69.50" 0.36™ -1.60" 8.10™ -8.737" 7.33™ -12.00™ RGSx Zarfam
-40.00™ -0.03™ 0.56™ -0.86" -144.26™ -0.56™ 0.50™ 1.96™ 21.80™ -9.33m -12.007" RGSx Nima
-166.66™ -0.01™ 0.80™ -0.331 -75.607 1.50™ 0.20™ 9.00™ -1.33m -13.00™ -7.00™" RGSx SLM046
-140.00™ -0.06" 473" 0.16™ -44.73" -1.36™ 0.06™ 727 -3.60™ -5.33m -18.66™" RGSx Okapi
133.33™ 0.04™ -0.06™ -0.26" -71.86™ 12.16” 0.63™ -2.76™ 17.48™ 1.00™ 4.00" AsaxBaharan
273.33™ 0.06" -0.40™ -0.76" -54.86™ -15.66™ 1.76 -14.50™ 12.76” 5.33™ 21.33” AsaxDalgan
180.00 ™ -0.01" -0.66™ -1.1318 -40.16” 17.70™ -0.43 7.16” 23.807 5.33™ -14.33™ Asax Zarfam
226.66™ -0.02" 0.23 -0.30™ -55.40™ 3.66" 0331 1.60™ 31.98™ -5.33m -8.00"" Asax Nima
80.00 ™ 0.04™ 1.20™ 0.32™ 143207 11.86™ 2337 10.10 22.08" -11.33m -11.667 Asax SLM046
260.00 0.03™ 1.96 -0.26™ 98.26™ 443" 1.40° 8.36" 26.68" -5.33m -15.33™ Asax Okapi
280.00" 0.04" 413" 0.10™ 148.33™ 11.96™ 2.20™ 10.00™ 8.95™ 1.00™ 10.007 BaharanxDalgan
573337 -0.03 " 0.86™ 0.30" -6.86™ 0.63™ -0.33 0.80™ 11.757 6.33™ -5.66"" BaharanxZarfam
-360.00™ -0.00"™ 1.40" 0.06" 2553 3.10™ 0.33" -7.86™" 23.80" 5.33m -13.66” BaharanxNima
66.66™ -0.01™ 0.33™ -0.16™ 127.03™ -1.30m™ 0.80™ -3.63™ 11.407 -8.00™ -5.33" BaharanxSLM046
-33.33m™ 0.05 1131 -0.331 -17.33m =176 0.60"™ -3.96 1.60™ -9.33m -18.667 BaharanxOkapi
160.00 ™ -0.03™ -2.90™ -0.73" -39.93" -4.30" -0.80™ -13.56™ -1.00™ 2.00™ -10.337 Dalgan xZarfam
-353.33™ -0.02" 0.86™ -0.36 -96.93™ -6.70™" -0.53 1 -12.46™ 26.18" 5.33™ -13.66™ Dalgan xNima
853.33™ 0.01™ -2.40™ 0.13" -3.16™ 6.56"" 0.43™ -7.60" 21.817" -11.33™ -14.66" DalganxSLM046
973.33™ -0.00"™ -0.40™ 0.26"™ 136.537" 636" 243" 1.36™ 3.61™ -5.331 -8.66”" Dalgan xOkapi
-166.66™ -0.03 ™ 1.40™ -0.63™ -42.96 -12.26™ 0.06™ -15.76™ 3.75™ -4.00™ -6.66" ZarfamxNima
680.00™ 0.13™ -6.86" -0.33"™ 23.46™ 6.76™ 0.50™ 2.33™ 27917 -11.00™ -5.337" ZarfamxSLM046
-200.00™ -0.04 ™ 1.33™ 0.10™ 0.03™ -1.10™ 1.16™ -15.23™ 3.45m™ -9.33m -10.00™ Zarfam xOkapi
166.66 ™ -0.02" -0.06™ -0.80™ 2.00™ 1293 0.10" 19.607 24.137 -4.00™ -5.00” NimaxSLMO046
566.66" 0.01™ 1.60"™ -0.23 " 179.837" 13.13™ 1.90™ -3.63™ 9.50™ -4.00" -4.33™ Nima xOkapi
260.00 -0.10™ -1.26™ -0.06" 166.33™ 29.33 0.70" -1.30"™ 826" -2.66™ -0.66" SLM046xOkapi

ns ,*, **: non-significant and significant at 5% and 1% probability levels, respectively
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