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The use of bio-stimulants to create eco-friendly products in conjunction with contemporary agriculture,
particularly the foliar application of seaweed extract, can be successful in raising crop yields both quantitatively
and qualitatively under stressful environmental conditions. On the other hand, removing or reducing the
application of chemical inputs and substituting them with bio-fertilizers and growth stimulants such as seaweed
extract can be considered as an important step towards achieving sustainable agriculture goals. The present
research was conducted to investigate the effects of foliar application of the seaweed extract on seed and oil
yields and seed yield components of rapeseed genotypes in the marginal areas around Urmia Lake. The research
was done in the Khosro Shah station of East Azerbaijan Agricultural and Natural Resources Research and
Education Center (46° 2°E, 37° 56"N) during the 2023-2024 cropping season. The mentioned research station
is located in marginal areas east of the Urmia lacke. The experiment was done as a split-plot based on a
randomized complete block design with three replications. The experimental factors included the foliar
application of seaweed extract (seaumic acid) at two levels (control and seaumic acid with 5 g L*! concentration)
as the main factor and 40 rapeseed genotypes as the sub-factor. The seaweed extract solution was made with
distilled water and stirred until the extract was fully dissolved in the water in 25°C. The Institute for Research
on Breeding and Seed Preparation of the Ministry of Agricultural Jihad selected genotypes, were used in current
study from preliminary tests of adaptation to the nation's cold climates. These genotypes have economically
acceptable adaptation and seed and oil yields for cultivation in the marginal areas of cold climates. There were
four rows in each subplot, separated by 30 centimeters (cm). It was determined that each row was five meters
long. Seven cm was the set spacing between each plant on the row. The planting time was 11" Sept. 2023.
Seaweed extract was applied topically to rapeseed plants during their shoot elongation (main inflorescence
elongation in 20% of the plants) and flowering (when 20% of flowers appeared) stages. The results of the study
showed that the foliar application of seaweed extract during stem elongation and flowering stages, increased
the number of sub-branches (about 2%), chlorophyll index (about 36%), number of the pods per plant (about
12%), 1000-seeds weight (about 13%), harvest index (about 10%), and seed and oil yields (about 21% and 8%
respectively). Genotype HL3721xRohan had the highest amounts of pods per plant (131.4), seeds per pod
(27.6), and seed and oil yields of 3657 and 1683 Kg ha!, respectively. HL2012xGK Csenge (737 Kg ha™!) and
ES KamiloxSW102 (859 Kg ha™!) genotypes indicated lower seed yields compared to others. The results of
principal components analysis among the studied traits showed significant correlation between seed and oil
yields. In the study of parameters influencing seed and oil yields, the number of pods per plant, revealed positive
and significant correlations with plant height, stem diameter, number of the branches per plant, plant biomass,
harvest index and seed and oil yields. It seems that the effect of the number of pods per plant on seed and oil
yields, was more than other yield components. Among the studied traits, chlorophyll index, 1000-seeds weight,
and pod area showed positive correlations with seed yield. Therefore, the role of the mentioned traits in the
formation of seed yield was more important. By cluster analysis with Ward's method, after HL3721xRohan,
eighteen genotypes with an average seed yield of 2311 Kg ha'' were placed in same group. These genotypes
can be cultivated as promising genotypes in the marginal areas around Urmia Lake. The use of plant growth
promoters such as seaweed extract as bio-fertilizers has been increasingly proposed as a way to reduce the use
of chemical fertilizers in agricultural systems. This can be considered in the production process of rapeseed
plants under different conditions, based on different aspects of production. Seaweed organic fertilizer has had
a positive effect on the growth and yield of rapeseed genotypes due to its growth stimulants and nutrient. It is
concluded that the use of the above-mentioned organic fertilizer can play an acceptable role in achieving
economic yields in rapeseed production, especially in difficult environmental conditions and marginal areas.
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Figure 1. Monthly mean of minimum, maximum and total air temperature and total rainfall of Khosrowshah station during 2023-2024
cropping season.
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Table 1. The names of used genotypes during experiment.

Number 1 2 3 4 5
Genotype GK RekaxZarfam ZlatnaxSW102 ES MercurexES Darko SWI102xES Mercure HL 2012xNeptune
Number 6 7 8 9 10
Genotype ZlatnaxES Darko ES AlonsoxL72 RohanxHL3721 ES HydromelxGK Csenge ADV 2xES Astrid
Number 11 12 13 14 15
Genotype Nima ES KamiloxSW102 ES Astrid x ES Lauren RohanxGK Csenge Garou XES Artist
Number 16 17 18 19 20
Genotype OkapixTassilo ES ArtistxNeptune L72xSW102 HL3721xRohan SW102xES Hydromel
Number 21 22 23 24 25
Genotype Nafis ADV2xZarfam GK CsengexDK Expower L72xGK Reka ES ArtistxES Darko
Number 26 27 28 29 30
Genotype HL2012xGK Csenge 1087xGKH2624 SLM 046xOkapi GarouxGK Csenge ZlatnaxES Lauren
Number 31 32 33 34 35
Genotype Nilofar Okapi ES MercurexZarfam TrianglexModena RohanexNeptune
Number 36 37 38 39 40
Genotype SW102xOkapi ZlatnaxES Hydromel ES LaurenxES Hydromel HL 3721xRohane ESLaurenxES Alonso
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Table 2. Some physico-chemical characteristices of experimental field soil.

EC (dS m Nitrogen Phosphorus . o o o o Sand
pH D) (%) (mg Kg') Potasium (%) Clay (%)  Silt (%) (%)
7.9 4.7 0.05 7.5 207 12 23 65

2P Sl o)las plerd sla Shy w0 @l Y Jea
Table 3. The results of chemical characteristices of seaweed extract.

K:0 P20s Hurfnc FUIYIC Algl.n 1 CutZn+ Mannitol OM Betaine Cytokinin  Gibberellin
%) (%) Acid Acid Acid Fe+B+Mo (%) (%) (mgKg') (mgKg?) (mg Kg')
O ) (W) (%) (%) ° v mene £ 878

10.5 0.1 50 4.5 1.6 0.3 0.2 38 10 10 50
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Table 4. Analysis of variance of studied traites on rapeseed genotypes in response to seaweed extract sprying during 2023-24 cropping season.

Mean Squares

Source of variation Df Plflllt pollar Branches Chl.orophyll Area  pods per S;ng ISOe(z:?]- Seed yield HI Oil Oil yield
height diameter  per plant index of pod plant . percent
pod weight

Replication 2 134.3 0.5 0.4 169.9 0.37 188.2 147.9 7.0 235435 17.4 0.5 58576
Seaweed extract 1 546.1"* 174" 48" 113.5™ 113" 16479  21.09"  0.8" 2617577 93.2™ 3.0 536902

Error 2 29.9 0.1 0.1 4.8 0.3 48.9 10.2 0.2 28081 13.4 1.3 15301
Genotype 39 265.6™ 24.6™ 1.5" 1729.08™ 14.4™  5484.09"™ 2622" 13.04™ 993757  206.09™ 1.5 212568"

SExG 39 7.5 0.07 0.3" 5.1 0.4 122.4* 4.2 0.38 20565 3.7 1.0 4909

Error 156 6.3 0.3 0.08 2.6 0.6 28.9 3.7 0.36 21146 6.8 2.1 5324

Coefficient of Variation 2.36 4.76 8.7 3.5 14.45 6.36 7.87 15.90 8.55 13.89 5.3 8.9

oyd K5 gy Jlein] pdaw 3 )b gixe oy FF g *
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Table 5. Mean comparison of studied traites on rapeseed genotypes in response to seaweed extract sprying during 2023-24 cropping season.

Seaweed extract Pods per 1000-Seeds .04 vield HI Oil yield
plant weight
Control 79.84° 3.55° 1546 ° 17.92° 786.4°
Foliar application of seaweed extract 89.40° 4.02°? 1875+* 19.78 2 8459+*

Ll 2oy S Jloin ! a3 I gime AU Sbles glie By,



#l drogy) dzly yo 4l 005bpS SNy 40 (b0 Sde o jlac 9,0 I 4 (15 slocaisis (23 Jparo Fewly

MY ol Jlo (b IS slacaiss 9y adllaedgo Slao lio (Sl duglie 1 Jgia
Table 6. Mean comparison of studied traites on rapeseed genotypes during 2023-24 cropping season.

Pod
Plant Collar Pods per Seeds 1000-Seeds  Grain yield o 0il Oil yield
Genotype height (cm)  diameter (mm) (acl:i?) plant per pod weight (g) (Kg ha™) HI (%) percentage  (Kg ha')
1 105.4 hm 13.7 b 3.7 4h 90.0 &' 25.5f 3.4 1656 16.2 &1 448 +f 518 P
2 113.4 ¢ 13.6 < 4.1t 83.9 £k 25.6 &F 3.8 ad 1889 i 17.2 =k 452 @ 855 i
3 111.2 ¢ 10.1 °p 3.3¢i 65.5 " 26.4 ad 33¢° 1951 1274 452 @ 882 i
4 101.5 ke 14.72 2,51 94.6 4f 21.9d¢ 2.8¢ 3028 ° 25.3® 44.5¢f 1347°
5 96.0 4 89 xr 3.7¢h 1153° 242 ¢ 4.0 d 2375 ¢f 20.4 b 447>t 1060 ©&
6 118.7 >¢ 14.11° 345 86.0 fi 23.9 ¢ 4.4 16151 ™ 22,1 0f 43.71 706 km
7 99.5 m»p 1124 4.0 > 79.1 Fm 215 1% 43® 1102 s 13.04 44.8 +f 494 as
8 97.4 ™4 10.7 mn 3.5¢ 94.5 ¢f 244 ¢ 3.6%° 17514 17.7 &k 457 24 979 i
9 100.5» 87T 4.6 > 75.00n 249 ¢ 3.6%° 2302 0 22.4%F 45.5 ¢ 1047 =h
10 104.0 i 10.9 ™ 4.3 ¢ 87.7F 25.5af 3.7 ad 1701 km 21.2b¢ 45.6 *¢ 774 M
11 97.9 ™a 13.1 ¢ 4.3f 73.1 ko 25.8 &f 3.3de 1380 n* 20.5 45.5 ¢ 626 ™P
12 106.4 g™ 12.8 ¢ 4.72 79.9 hm 26.9 *¢ 33¢¢ 859.2w 16.2 &1 45 f 387
13 119.1 % 1221 3.74h 923 de 2532 3.6%¢ 1005t 144K 45 f 453
14 106.8 1 12.6 &t 43wt 83.1 gk 26.2 > 3.6°¢ 2253 feh 20.8 >h 45 e 1018 0
15 114.9 ¢ 1291 43t 126.02 26.3 *4 3.5%¢ 2778 ¢ 247 abe 44.5¢f 123704
16 104 n 10.0 °p 2.8 60.3 ar 21.5¢¢ 44-° 1457 m» 14.9 45.0 & 660
17 109.1 ¢ 9.9°r 4.3 ¢ 87.7F 244 ¢ 4412 2407 4t 21.6 ¢ 45.0 & 1087 °f
18 114.2 =t 14.1° 3.9%¢ 69.6 ™ 22.3¢¢ 4.2 ¢ 1444 ma 19.8 b 44,5 f 643 mo
19 121.02 13.9 b 4.0 >¢ 13142 27.6? 3.8ad 3657 % 23.0 & 46.0 % 1683 °
20 119 abe 11.61 4.3t 833 &k 245 ¢ 3.9 ad 2193 fi 19.1 ¢ 44.0 &f 973 fi
21 115.8 ¢ 14.552 3.7 4h 90.7 &b 26.2 > 3.7%¢ 2535 ¢¢ 27.62 45.0f 1141 e
22 116.6 *4 1137 3.8h 62 P 25.1%¢ 34c¢ 1947 ik 18.0 ¢k 457 a4 889 i
23 88.6 I 9.2q 43wt 62.7 °* 25.1%¢ 4.2 ¢ 1091 s 19.3 ¢ 45.5 2 497 as
24 11.3 4 11.0m 4.0 ¢ 70.0 ™ 27 3.7%¢ 2575 < 20.1 b 45.0f 1158 ¢©
25 121.52 12.8 ¢h 4.6 ° 108.1be 27.12 3.7%¢ 2086 &7 20.3 > 45.7 bf 932N
26 111.7¢ 10.0 °p 3.9%¢ 66.3 nT 22.6 b8 4.0d 737V 13.14 448 »f 331t
27 101.8 k° 1om 4.1 89.8 i 24.6 *¢ 4,04 2289 h 23.1 &d 44.0 1011 h
28 115.4 & 13.3 ¢f 4.3f 100.7 ¢ 25.12¢ 3.6%° 2233 d¢ 23.7 &d 45.0 f 1051 h
29 116.8 *4 12.6 &t 3.1 102.3 < 223 ¢ 3.7%¢ 2778 ¢ 19.6 v 45.5 = 1266
30 88.7" 8.0% 3.8bh 76.0 1n 22.8 b 4.2 ¢ 1562 15.2 1 45.0 *¢ 708 km
31 105.2 m 12.5 N 4.1 87.7 245 ¢ 4,04 1330 °® 16.1 & 44.8 1 596 md
32 93.7pt 10.4 m 4.5 79.4 Fm 2752 3.9 ad 1070 s 21.6 ¢ 45.0 >¢ 483 as
33 110.3 i 11.37 4.7 72.0 23.0 *¢ 4.4 1219t 1254 45.0 ¢ 550 nr
34 100.0 '» 1231 4.2f 80.3 h-m 23.9 ¢ 3.7%¢ 1186 at 11.418 45.0 »f 534 o
35 108.7 ¢k 12.8 ¢h 43¢ 79.6 im 26.8 *¢ 3.7%¢ 1910 ¥ 225 45 8abe 875 i
36 92.3a 1221 4.6 > 90.7 ¢h 249 ¢ 4.2 3¢ 1422 ™ 19.9 bi 46.02 657 o
37 88.5" 11.0™ 3.6¢h 59.2° 21.6 ¢ 4.2 ¢ 1476 ™» 16.7 ! 448 of 662
38 113.3 ¢ 13.5¢ 4.1 100.7 21.8¢ 3.6° 1069 s 13.2 & 44,5 f 477
39 95.0 o 10.0 °p 3.9 ah 84.2 Fi 26.9 >¢ 33¢° 1454 ™4 16.0 ¢! 447 bf 645 mo
40 112.6 > 11.6 % 4.0 >¢ 72.9 ko 26.8 *¢ 3.5%¢ 2065 M 21.8 ¢ 45.5 ¢ 934 &
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Table 7. Mean comparison of interaction of seaweed extract and genotype treatments on chlorophyll index and the
number of branches of rapeseed.

Chlorophyll index Branches per plant
Number Genotype Control Seaweed extract  Control Seaweed extract
1 51.3 m= 57.7¢¢ 4.1 4h 3.68m
2 48.0¥* 54.0 £t 3.8 fk 3.9F
3 48.8 WXz 52.6 % 1.6~ 1.77
4 47.9 v 51.3m= 0.8% 1.2%
5 55.4 dm 59.3 abed 3.68m 34¢°
6 57.8 cdef 61.7%® 4.1 % 4.1 b
7 58.4 ¢ 62.0° 3.1k 34¢°
8 48.9 wxyz 55.6 41 3.1 2.9 mu
9 49.2 vz 544 ¢t 2.5y 2.6V
10 49.4 v 53.4 v 3.30 3.68m
11 48.6 *v2 52.4 i 4.4 odef 4.0
12 48.0 v~ 51.1 = 3.5¢&n 3.210r
13 45.8% 515 4.6 bede 4.6 bede
14 49.5 vz 54.5¢4 234 2.1V
15 48.0 v~ 51.1 ™= 3.8 Fk 4.4 odef
16 54.9 ¢p 61.3 3¢ 330 2.0 Wxyz
17 58.0 >f 61.3 3¢ 3.0mt 2.8
18 52.3 i 56.3 ¢ 2.5 4% 2352
19 4547+ 51.1 = 3.5¢&n 3.5¢8n
20 51714y 56.8 4h 1.8y 1.4
21 51.5 kv 55.7 4k 3.5¢&n 3.5¢8n
22 4557 50.6 4= 3.3 3.0
23 49.8 v 54.1Fs 3.0mt 2.8
24 503 54.0 ft 2.5 % 24y
25 416~ 50.1 5= 4.0 4.1 4h
26 47.4 = 54.6 =1 2.3t2 2.0 wxyz
27 48.9 wxz 55.1¢° 2.6V 2.2vz
28 36.0 47.07 3.210a 2.9 mu
29 49.8 = 55.7 4 3.5¢8n 1.9 ¥z
30 49.6 v~ 56.4 41 3.78 3.78
31 502 55.2 dn 4.7 bed 4.8 wbe
32 39.7% 48.5 = 3.4t 3.3
33 51.1 02 55.1¢° 3.4 3.210t
34 40.2 = 48.5 vz 3.6&8m 34¢°
35 47.7 v 52.8 bw 3.1k 3.5¢&n
36 50.9 o2 542 Fs 2.6V 2.7V
37 49.4 v 53.5¢&vn 4.6 bode 5.1
38 50.8 P2 56.1 ¢ 3.0mt 3.210r
39 394°2 4697 5.2 552
40 39.9* 48.3 2= 3.58" 2.0 Wz
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Figure 2. Principal component analysis of some studied parameters on rapeseed genotypes.
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