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Introduction

The increasing global population and food scarcity, particularly in developing nations, have underscored the
significance of fodder legumes in supplying livestock feed and related products (Shabani, 2012). Leguminous fodder
plants are crucial in producing necessary livestock feed, reducing soil erosion, enhancing soil texture, utilizing low-
yield areas, and transitioning rainfed agriculture toward sustainability (Alizadeh et al., 2017). Among these, Vicia
panonica stands out as a key legume in cold regions due to its adaptability to environmental stresses and diverse
applications, such as rejuvenating degraded pastures, providing high-quality and palatable fodder, improving soil
structure, and supporting crop rotation (Dong et al., 2016; Tigka et al., 2016; Abbasi et al., 2014; Fircioglu, 2014;
Kim et al., 2015). Significant variations in performance and tolerance to environmental stresses have been observed
among vetch species (Abdi et al., 2023; Karimzadeh Negari et al., 2022). Determining the optimal planting density
and timing is crucial for maximizing productivity (Ezueh, 1982). Shabani and Asadi (2024) investigated the effects
of planting dates and plant density on vetch vyield, revealing that these factors significantly influence yield and
agronomic traits. The objective of the present study was to identify the optimal planting time, density, and row
spacing for white flower vetch under rainfed conditions.

Materials and Methods
The study utilized a split-plot design within a complete randomized block design, with three
replications, conducted at the Seraroud Agricultural Research Institute in Kermanshah during the
cropping years 2020-2022. The main factors investigated included planting line distances (25 cm and 30
cm), planting dates (early November, mid-December, and mid-March), and seed densities (100, 150, 200,
250, and 300 plants/m2). Traits assessed were days to 50% flowering, days to pod formation, forage
yield, dry fodder yield, days to physiological maturity, biomass yield, seed yield, and 100-seed weight.
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Data were analyzed using combined and simple ANOVA, mean comparisons with Duncan's test, and
variance homogeneity with Hartley's Fmax. SAS 9.4 and MSTAT-C software facilitated the analysis.

Results and Discussion

Composite variance analysis revealed that the year significantly impacted all assessed traits,
necessitating separate analyses for each year. Row spacing influenced plant height, days to maturity, and
fresh and dry fodder yields in both years, with 30 cm spacing outperforming 25 cm. Planting dates also
significantly affected all traits; autumn planting consistently produced higher yields of fodder, dry matter,
seed, and biomass compared to spring plantings. Autumn planting also resulted in taller plants, greater
100-seed weight, and a longer ripening period. Seed density per square meter had a significant impact on
all the traits studied. The highest fodder yields were obtained at seed densities of 250 and 300 seeds per
square meter in the first and second years, respectively. For seed yield, the optimal densities were 250
seeds per square meter in the first year and 200 in the second. However, very high densities—above 250
seeds per square meter—resulted in reduced fodder and seed yields due to increased competition for
nutrients, which also led to a decrease in 100-seed weight.

Due to the significant interaction effects in various traits, different planting densities were analyzed
based on planting dates. A comparison of the means of two years revealed that for autumn planting, a
density of 250 plants per m? is preferred. This density demonstrated higher fresh forage content, greater
dry matter, increased biological yield, larger grain weight (100-grain weight), and greater height
compared to other densities. Conversely, densities of 100 and 300 plants per m? exhibited the lowest
performance in these traits and are therefore considered unsuitable for autumn planting. For both the
waiting and spring planting dates, densities ranging from 150 to 250 plants per square meter are more
advantageous than either 100 or 300 plants per square meter, as they show higher performance traits and
shorter ripening periods. Overall, the best performance for fodder production was achieved in autumn
planting and densities of 200 to 200 seeds per m?, while for seed production, densities of 150 to 250 seeds
per m?were recommended.

Conclusion

Vicia pannonica performs better when given more time to grow in favorable autumn weather
conditions. Planting in autumn leads to a longer lifespan and greater resilience to environmental factors.
Rainfall during autumn has a significant impact on yield, while planting in spring may decrease yield due
to a lack of rainfall. It is recommended that Vicia pannonica be cultivated in autumn. Increasing planting
density leads to higher fodder and plant biomass yield, while medium planting density results in higher
grain yield. A reduction in planting density can elongate the duration of flowering, podding, and
physiological ripening. Based on the obtained results, a row spacing of 30 cm, an autumn planting date,
and a seed density of 200 to 2500 seeds per square meter are recommended for fodder production. For
seed production, a density of 150 to 250 seeds per square meter is suggested for cultivating white-
flowered vetch in cold and semi-arid regions.
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Table 2- Composite variance analysis of different line spacing, planting dates and densities on phenological traits, yield, and

its components in Vicia Pannonica
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Sis i S5 SHe e : PHE
Mean of squares
Days to .
Fresh . . Days to Days to Weight
Source of variance df fodder dI’YI?‘IOC:](éLr Sieeelg Bloirer;gss 50% st;?f of physiological rl:eliar;]tt of 100
yield Y y y flowering podding ripening g seeds
Jle Year 1 23006555™ 950916™ 392000 858222 3100™ 2437 3225™ 3374" 0.62"
las- Er(r\(}r) R 8 18923740 1091387 99819 355811 41.34 39.83 98.26 6385 0.22
S
”j | A 2 4550673" 212825" 2058 ™ 18402 ™ 5.49™ 9.15™ 15.98™ 61.00"  0.01™
9
3l
ij AxY 2 622203" 68668 "™ 586 " 37656 ™ 6.07" 32.31™ 94.22" 12.83*  0.03™
s AEE‘(’{{) 16 256999 21384 3990 12341 051 1.34 217 6.01 0.01
55 B 1 5505502 265497" 5227 2456 " 0.05™ 0.56™ 7.2 50.64" 0.03"
P9
31
JIM AxB 2 418220™ 96779 ™ 6730 " 2062 " 11.26™ 9.20™ 2.45™ 84.98™  0.01™
i
Jim YxB 1 339041 5997 " 7893 " 34694 ™ 2,01 7.207 5.69™ 0.50™ 0.37"
3l
le:u YxAxB 2 305112 62139 "™ 25553" 56951 ™ 0.69™ 5.82" 8.04"™ 10.89"  0.02"™
s ErEOYrX% 24 229515 14754 3483 19403 0.59 139 2.70 228 001
<1
55 C 2 830247042 41883784 5657459 23156557 378677 38680™ 61799 153377 36/12™
Py
3l
Jj:u YxC 2 3923326" 181100 " 66245 89912 ™ 476" 754" 42.02" 59.80™  0.266™
i
Jim AxC 4 1716574 ™ 92402 ™ 12317 "™ 64912 ™ 6.20™ 9.47" 3978™ 19.98" 0.013"
3l
le:u YxAxC 4 152598 ™ 27659 ™ 15102 ™ 79302 ™ 3.54™ 6.08" 2733 1.25" 0.02"
3l
Jim BxC 2 36358 "™ 10584 ™ 19097 ™ 0.22™ 0.08™ 2.01™ 20.29"™  0.03™
i
JJL YxBxC 2 619801 " 61420 ™ 15754 ™ 183354™ 4.94™ 3.27™ 0.27™ 6.47™ 0.02
3l
J)L AxBxC 4 694744 " 30828 ™ 32457 94627" 5.36™ 1.64™ 117" 24.77" 1.03"
3l
Jim YxAxBxC 4 416290 "™ 57126 ™ 20336" 92714" 1.05"™ 4.23™ 16.92™ 11.31™  0.04™
(22 Error 96 1193744 63038 7745 34104 0.87 174 3.19 7.68 0.01
Ao yd
oy CV (%) 18.41 18.56 19.20 18.81 0.79 1.05 1.10 6.81 3.08
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Planting line distances (A), planting dates (B) and seed densities (C),

, " and ™: Significant at 5%, 1% probility levels, and non-significant respectively
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Table 3- Analysis of variance of different planting dates and densities on phenological traits, yield, and its components in
Vicia pannonica in the first year
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Mean of squares
Days to .
Source of Fresh Yield of Seed Biomass D""y§ to the Days to Plant Weight
variance df fodder yield dry fodder yield yield 50 /(.’ start of physmlqgmal height of 100
flowering podding ripening seeds
Ssh Repeat 2 4076678" 242874™ 234 s 19267 ™ 0.58m 5.03™ 60.80™ 30.10™ 0.04"
15
)fl A 2 4288503 175651™ 137 27808 ™ 1.34m 5.87™ 0.04" 20.50™  0.00™
9
s E(r;;)r 2 161896 6718 3054 21020 3.38 0.28 9.68 70.70 0.02
Sl
5 B 2 360189198™ 18280111™ 2257020™ 10197388™  15223™ 14643" 24465™ 7595™ 454"
£9?
q
Jj:u AB 2 372805 " 21780 " 5953 s 67374" 2.48" 1.34m 0.41m 6.21" 0.01m
s E(rtr)g’r 8 481796 37862 9717 39922 2.49 4.69 23.10 2020  0.04
Sl
55 C 5 16487353 988916™ 38326™ 151269™ 36.40™ 24.46™ 86.90 6.02™ 0.25™
Py
q
&L A*C 4 228772 ™ 13663 ™ 5609 " 15350 ™ 0.59m 2.63™ 1.13™ 2.74m 0.01ms
q
Jj;m B*C 8 3728866 215914™ 9526™ 13505 ™ 0.98™ 0.47m 2.79™ 1.78™ 0.01m
q
Jj;m A*B*C 8 224629 ™ 7481 " 5599* 24213 ™ 0.98™ 0.47m 2.79™ 1.78™ 0.01m
s E(rg’r 48 131498 13337 2599 15382 0.74 1.81 3.94 439 001
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o pd (%) 5.6 9.0 12.3 14.3 0.75 1.11 2.26 5.09 3.03
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Planting line distances (A), planting dates (B) and seed densities (C

, " and ™: Significant at 5%, 1% probility levels, and non-significant respectively
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Table 4- Analysis of variance of different planting dates and densities on phenological traits, yield, and its components in
Vicia panonica in the second year
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Mean of squares
Days to .
Source of variance df Fresh Yield of Seed Biomass Dg(}J/‘f‘/c:[ ° the h [Z:?glsot?cal Plant Vc:/fei%%t
fodder yield dry fodder  yield yield : startof P1Y310109 height
flowering . ripening seeds
podding
S Replication 1 1196196" 38620 ™ 2411 36790 " 11.00™ 36.43™ 2901 43.70™  0.00™
<1t
)j A 2 1556039" 95844~ 12984 s 9343 s 0.71" 1.88m 12.84" 30.60™  0.06™
9
s E(a) 2 561435 152200 29230 37994 8.57 14.74 0.81 25.10 0.01
<t
5 B 2 473981169™ 23784773™ 3466683 13049080™  23121™  791/24™ 32375™ 78" 8.09
£9?
d
J:M AB 2 1237176" 75998 20385™ 135077" 2.68" 2.01ms 1.88" 20.6™ 0.04"
s E (b) 8 1008306 66146 30389 125356 5.58 6.02 23.04 8.40 0.01
S
55 C 5 21360125  1193857#  131312™ 520353 46.30" 55.20™" 109.62™ 67.70™ 0.18™
Py
d
Jim A*C 4 421088 29229 ns 2911 5606 " 1.04m 1.97m 1.73m™ 2.17m 0.00
5
Jim B*C 8 7885658™" 400128™ 51273 143427™ 1.15™ 3.58™ 1.89m™ 53.00™  0.01™
5
Jim A*B*C 8 581281 ™ 26296 ™ 2158 " 37292 ™ 0.80m™ 1.89m 2.56™ 0.99m™ 0.01m
s E (c) 48 332184 15367 3826 28489 0.55 0.93 2.36 3.82 0.01
Lo
o pd CV (%) 9.16 8.69 12.25 16.86 0.61 0.75 0.92 4.85 2.82
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Planting line distances (A), planting dates (B) and seed densities (C

, " and ™: Significant at 5%, 1% probility levels, and non-significant respectively
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Table 5— Mean comparison of different planting dates and densities on phenological traits, yield, and its components in Vicia
panonica in the first year
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Fresh Yield .
fodder of dry S_e ed Biomass Days to Days to Days to Plant Weight
F - yield . the O . of 100
actors yield  fodder i yield 50% physiological height
(kg.ha~  (kg.har (kgl.ha (kg.hal)  flowering start_of ripening (cm) seeds
1 1 ) podding @)
KIRE Line 25 5361b 1236b 410.5a 845.7a 114.2a 122.2a 158.6a 40.7a 3.1a
iss, S(‘;fﬁ)e 30  5797a 1324a 41292 8809a  1139a  1217a 158.7a 416a  3.la
&5 Plantin Autumn  9052a 2057a  676a 1427a 139.5a 146.9a 192.9a 56.5a  3.46a
- data g Waiting 5563b 1286a  431b 900b 1061b 113.8b 151.7b 42.3b 3.2b
e Spring  2122¢ 496a 129c 263c 96.6¢C 105.1¢c 131.4¢c 24.7¢c 2.7¢c
oSl 100 4088d 923c 323c 737c 115.7a 123.6a 161.1a 38.8b 3.3a
., Density 150 5199¢  1162b  388b 814c 115.3a 122.7a 160.6a 42.4a 3.2b
7 of seed 200 6026b  1407a  460a 954a 113.8b 121.5b 158.6b 43.0a 3.1b
Ko per m? 250 6493a  1487a  478a 948a 112.5¢ 121.0b 156.8¢c 41.8a 3.0c
o 300 6091b  1420a  407b 861b 112.9¢c 120.8b 156.2¢ 39.7b 2.9c
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In each column and each treatment group, the averages that have at least one letter in common are not significantly different at the
5% level through Duncan's test.
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Table 6— Mean comparison of different planting dates and densities on phenological traits, yield, and its components in Vicia
pannonica in the second year
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Fresh  Yield .
fodder of dry S_e ed Biomass Days to Days to Days to Plant Weight
- yield . the O . of 100
Factor yield  fodder i yield 50% physiological height
(kg.ha  (kg.ha (kgl.ha (kg.hal)  flowering start_of ripening (cm) seeds
1) 1) ) podding @
Aol Line 25 5110a  1114a 428a 844a 99.9a 107.5a 144.3a 46.7a 4.2a
@3, &"(E?ﬁ; 30 5560a 1198a  406a 826a 99.4a 106.7a 143.9a 46.7a 4.1a
&5 Plantin Autumn  7260a  1548a  589a 1191a 124.5a 132.6a 177.4a 56.2a 4.4a
- data g Waiting  5116b  1104b  418b 837b 99.0b 106.2b 141.6b 47.3b 4.2b
el Spring 3629¢c 816¢ 243c 475¢c 75.5¢C 82.5¢ 113.2¢c 36.5¢ 3.9c
oS1y3 100 3939d 796d 322¢ 654 ¢ 100.6a 108.3a 146.0a 438a  4.38a
., Density 150 5119c¢ 1077c  432b 850 b 101.0a 108.5a 145.7a 48.5a 4.3b
7 of seed 200 5702b 1235b 500a 1021 a 99.2b 107.0b 143.7b 49.2a 4.1c
Ko per m? 250 5798b 1284b  411b 822 b 98.6¢ 105.9¢ 142.6¢ 46.9b 4.0d
&y 300 6117a 1389a 418b 825b 98.7¢c 105.8¢ 142.3c 448b  3.95d
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In each column and each treatment group, the averages that have at least one letter in common are not significantly different at the
5% level through Duncan's test.
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Table 7- Mean comparison of the different planting densities based on the planting dates on phenological traits, yield, and its
components in Vicia Pannonica
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Density Fresh Yield of Seed . Days to Weight
o U - fodder - Biomass Days to Days to Plant
& Planting  (seeds - dry yield . the - . - of 100
yield . yield 50% physiological height
cils data per (kg.ha fodder  (kg.ha (kg.hal)  flowering start.of ripening (cm) seeds
m2) ) (kg.ha't) Y ' podding @)
100 3648.2¢ 866.8c 292.5a 514.7a 142a 147.2ab 192b 43.5a 3.1a
150 4322.5bc  1040.7bc  264.2ab 358.8b 139.5b 145.2b 192.8b 45.2a 2.8b
b Autumn 200 4120.7bc  1129.3ab  192.5bc 395.5ab 139b 147.8a 192.5b 45.8a 3.2a
250 5374.8a 1282.2a 147.7¢c 395.5ab 139b 147ab 192.8b 43.4a 3.2a
300 4683ab  1086.2abc  127.7c 298.8b 139b 148.5a 194.2a 43.3a 3.0a
100 2823.3b 728b 129.2a 422.3a 127a 133.5a 141.3bc 28.7b 3.0a
150 3708.8a 934.5b 284.3a 378.4a 125.5b 134.2a 140.3c 29.7b 3.0a
ksl Waiting 200 3225.8ab 3837.2a 170.9a 364.2a 126ab 133.7a 142.2ab 26.9b 3.2a
250 2759.2b 747.8b 247.2a 419.7a 126ab 134.2a 141.2bc 34.0a 2.7a
300 3405.5ab 1006.8b 149.8a 475.4a 125b 133.0a 142.7a 27.9b 3.1a
100 2873.5¢c 2427 .8ab 212.8a 344.3a 97.3a 105.8ab 144.5b 22.0d 3.0b
150 3782.3b 4014.5a 154.0a 317.8a 96.5ab 104.7b 145.0ab 27.9a 2.8¢c
o)l Spring 200 3384.5bc 3921.2a 185.1a 313.1a 96.2bc 105.5b 145.2ab 26.0b 3.2a
250 4831.2a 2501.3ab 167.9a 305.0a 96.2bc 106.2ab 144.7b 20.0e 3.2a
300 1992.7d 1051.2b 177.8a 347.7a 95.3c 107.3a 145.8a 23.9c 3.2a
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In each column and each treatment group, the averages that have at least one letter in common are not significantly different at the
5% level through Duncan's test.
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