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Camelina, an oilseed plant in the Brassicaceae family, is extensively utilized in the food and
pharmaceutical industries. This study aimed to investigate the effects of micronutrient foliar
application on the growth and yield traits of two camelina genotypes (Soheil cultivar and
Line-69) during the periods 1400-1401 and 1401-1402 at the Agriculture Research Station
of Ferdowsi University of Mashhad, Mashhad, Iran. The experiment was conducted as a
factorial design based on a completely randomized block with three replication, considering
both cultivar and line. The applied treatments included foliar application of FeSO4, ZnSQOa,
MnSOs, a combination of micronutrients (FeSOa, ZnSO4, MnSOa4), distilled water, and a
control. These treatments were applied at two stages: 50% flowering and 50% podding. The
results of mean comparison revealed that, over two cropping years, the highest 1000-grain
weight (1.20 grams) was attained in the Soheil cultivar during the 50% flowering stage in
the first cropping year, following the application of MnSO4 by foliar application. The highest
number of pods per plant (214 pods) was also observed in the Soheil cultivar during the 50%
flowering stage, achieved through foliar application of FeSO4in the second crop year. Under
the effect of genotype, the highest seed yield per hectare was obtained in the Soheil cultivar
(1930 kg/hectare). Additionally, with the foliar application of FeSO4treatment, the quantity
of seed yield per hectare reached 2049 kg/hectare. Considering the importance of planting
oil plants, including camelina, it is necessary to increase the area under cultivation and the
quality production of camelina by foliar application appropriate management strategies.
Based on this, the present research was conducted with the aim of considering the
physiological and yield response of Camelina genotypes to the foliar application of FeSOa,
ZnS04, and MnSO4 micronutrients.
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Foliar application mother plant of micronutrients and ...

EXTENDED ABSTRACT

Introduction

Camelina is an oilseed plant belonging to the
Brassicaceae family, widely utilized in the food and
pharmaceutical industries. In Iran, farmers primarily use
macronutrients to enhance crop yield, but the
significance of micronutrients for increasing yield is also
recognized. The application of micronutrients provides
essential nutrients to plants rapidly and compensates for
deficiencies that decrease growth. Key micronutrients
such as iron, zinc, and manganese play crucial roles in
promoting optimal growth and development in plants.

Materials and Methods

To study the effect of micronutrient foliar application on
the yield and yield components of the oilseed plant
Camelina, a field experiment was carried out as a split
factorial experiment based on randomized complete
block design with three replications and two genotypes.
The treatments included genotypes (cultivar Soheil and
line 69), foliar application stages (50% flowering and
50% podding), types of micronutrients: FeSO. (4 kg/ha),
ZnSO; (3.6 kg/ha), MnSO; (2.5 kg/ha), and a
combination of the three micronutrients (3.8 kg/ha),
along with distilled water and control. Data analysis and
visualization were performed using SAS software
version 9.2 and Excel. Duncan's multiple range test was
applied for mean comparisons at a significance level of
5%.

Results and Discussion

The traits of 1000-grain weight, seed yield, biological
yield, and harvest index revealed statistically significant
effects. The mean comparison results revealed that the
maximum 1000-grain weight (1.20 g) was obtained in the
Soheil cultivar during the 50% flowering stage in the first
cropping year following foliar application of MnSOa.
Similarly, the highest number of pods per plant (214) was
recorded for the Soheil cultivar during the 50% podding
stage in the second cropping year with foliar application
of FeSO4. About genotype effects, the Soheil cultivar
produced the highest seed yield per hectare (1930 kg/ha).
In addition, under the effect of FeSO4 foliar application,
the maximum seed yield per hectare (2049 kg/ha) was
achieved. Based on the results, the harvest index showed
a significant difference only under the effect of the year
(Table 3). The harvest index in the first agricultural year
(42.4%) was higher on average compared to the second
year (35.0%).

Foliar application of micronutrients, by establishing a
balance between source and sink through delaying the
senescence process and converting late flowers into pods,
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ultimately leads to increased grain weight and improved
yield (Kumar & Padbhushan, 2013; Banerjee et al.,
2019). Foliar application of FeSO4 enhances starch and
sugar synthesis in leaves and their accumulation in grains
by increasing photosynthetic pigment content and
photosynthesis efficiency at the leaf level, resulting in
increased grain weight and yield (Malakouti, 2008).
According to the seed yield data from the first cropping
year, the amount of seed produced during this period was
less than that of the second year; therefore, competition
among sinks for photosynthates was lower, producing
larger seeds. There is a negative relationship between
seed number and seed size, such that as seed number
increases, seed size decreases (Chen et al., 2009).

The effect of foliar application of micronutrients on
increasing the weight of 1000 grains in the Sohail
genotype and Line 69, at both flowering and podding
stages over two consecutive years, is clearly evident. The
greatest impact of foliar application on increasing the
weight of 1000 grains, an important yield component,
was related respectively to the combined foliar
application of MnSO4 and ZnSO4 micronutrients (Table
4). This study aligns with the findings of Pal et al. (2021)
and Saudy et al. (2021), which reported significant
increases in yield and yield components in sesame
following foliar application of a combination of iron,
manganese, and zinc micronutrients. This effect is
attributed to the synergistic impacts of combined
micronutrients on photosynthetic  efficiency, net
assimilation rate, and improvements in seed and oil yield
(Pal et al., 2021).

The application of iron and its effects on various
physiological and biochemical pathways, including
photosynthetic activity and the translocation of
assimilates towards the sink, are well understood.
Ultimately, this leads to maximum seed yield, increased
thousand-grain weight, and improved crop performance
(Vaghar et al., 2020).

Conclusion

In general, the results indicated that the foliar application
of micronutrient under suitable environmental conditions
and critical growth stages of the plant can play an
important role in improving yield and its components.
Foliar application of micronutrients in Soheil cultivar and
line 69 during both the 50% flowering and 50% podding
stages, particularly in the second year, had a notable
impact. Soheil cultivar revealed the highest 1000-grain
weight, seed yield per hectare, and biological yield.
Additionally, the harvest index was significantly higher
in the first year.

Ol ) 658 5 psle 4,2

Vol.: xx, N0.: X, XXXXXX

XXXXXX X o ylads XX A



https://doi.org/10.22092/1JSST.2024.364658.1514 XX Sloets X ojleds XX o093

Vo ool
Ry
l K spcn% Q'ﬁ‘ )s:\.? 6)5&59[‘5‘5 41):.5

N (S35 2 5 g (o geT elhnii ol
ol 005 38 1Y g ol A g

ISSN: 2588-4638

93 Yo

(Camelina sativa L.) buboli™ g3 95 s i 9 OT 5 9 sy 3 b (S 30k obs™ o Jaloxo

f ..\Swlb)u\“m"r QSﬁ)ngl.g}b“' é'?lﬁb}w{*r ‘_S)l:.éldfgslb)c‘ I8 w51

Ol cgin cogtin s o815 (655 9aS oSty (038 5555 S 05 B e 5S> (g sl )
Ol cdglen (g g 33,5 ol (55 5LaS” 0tSCiils (5 5555 5 ST 05 S skl Y

Ol Ol ey o 5 o315 (555 5ES 0 a5 (6550 555G g 05 S eslal ¥

Ol esbTe 5 ol S ol (55518 0aKiils (Al K5 5 Ay gweliga 09 S bl F

Jho Okl o>

e

VRN /Y 18l 50 G b
VEY/ YA 18 S50 e sb

VERYN 1 G ab

4 anllas plsyls ggols 9 glde Gt_ga)>‘_g>kij>)g)\§ Sl Sl o3l gl i so gy 4ls ol ¢S Llls
FA=nY 5 Jot (135 LIS 55 53 (53, Shae 5 5by Sl S35 2 sy (bl slows 1 ) ) ie
4 il Ab ol dgde w533 oiils (65,5188 Sliios a0 y50 53 VPANEY 51 F VP ol)5 Jle b
lasles b 1l (35 6 5 p¥ oSG LSS 4w b dabas ol (glaeST gl b B 55 o, 556 S | 50

ST slaolls Y19 555 Ay dOESn 53 STl Ve o/ AT iy 8 IS8 T Sl (3 ome Jols 0 s
el 5l - = = = - =
o OS5 T Ve /580 Sl e p 8 S0 380 A g S0y T IV /555 DMl 0 Sk
‘J*"f’; 3 A Lo y3 00 a5 b o el e T (58 Sl g 555 DM gor < AT Ol g $ilin 1)) (o5 5
fFa0 ubwvg,,;<(f\/v~)4t;,t,~aoj,dj:;._{£>l;ow@§sgwm@u.mdut@%e,fz.\.p,;(»
2N _ ~

T 6355 M 31 oy ity i ool 5Kie Sl g 30 sloes Jlasl b Jgl 2 Jl b sl 4300 A o
S ol o adalie 033 o155 Jl 53 AT S g B sloma b (B3CNE o300 Ao o b kg o35 3 35 (3 IF)
.MT@:Q(J&):(a;,l;\‘\W)J:@M rjjj.n)l:ga):).'\{bﬂkﬁdlka}iﬁuﬂ:}}jﬁﬁC,:JW

1J Ghme O 65

Lok odalie (SCa 55 0 SThST Y0 F9) HUSGa 5 b s Shee 0o o iz 5 08T SWge o b gome 36 o

tavakolafshari@um.ac.ir _ _
S 5 e i (5 pote S0 S Ll 05Y (LlelS e Sl (g5 OALE C2ST Cmal 4 5

$3es 5 (K558 ol (o p Bla b Sl G ¢ alal ey ol 25 LbelS iU A5
s plondl 8 S g 3 63y DA ¢ AT Dl (slasii ) (3 oo 4 LS (Sla 3 555

$dlo ! 4 Slaw! og
Tvakkol Afshari, R., Rostamipour, A., Khazaei, H.R., Kahrizi, D., & Eisvand, H.R. (xxxx). Foliar application mother plant
of micronutrients and its effect on seed production of two Camelina genotypes (Camelina sativa (L.)). Iranian Journal of
Seed Science and Technology, XXXX, XX (X), XX-XX. https://doi.org/10.22092/1JSST.2024.364658.1514

Iranian Journal of Seed Science and Technology Ol o 65l 5 psle 4,2

Vol.: xx, NO.: X, XXXXXX XXXXXX X o lads XX A=


https://doi.org/10.22092/IJSST.2024.364658.1514
https://portal.issn.org/resource/ISSN/2588-4638
mailto:tavakolafshari@um.ac.ir
https://doi.org/10.22092/IJSST.2024.364658.1514
https://orcid.org/0009-0004-6529-2902
https://orcid.org/0000-0003-0073-8665
https://orcid.org/0000-0001-8409-5454
https://orcid.org/0000-0002-1717-6075
https://orcid.org/0000-0001-9751-9121

et OT 3B g lagsdinsns b (ke olS 3L slone

(LS oo ok (NPK) 5 STlo (6la3 587 & J guames 5 Shas 3 500
S o3 bgdrag, 3,08 s b 5 Caenl S Jl> o
Lot oy (Sl shomn 3 55 0 (B pge 6 ol > Shoe (213
S50 sk s &S5 oL 5L 3550 die Slge el g
30305 )13 olE Sl 53 e (st 15 5L 350 3l oS |
LS o Ol 1y olS Ay (sl e olie 5pS
5K 5 65T wsle o olie (Rengasamy et al., 2016)
QLS 53 pllae (a5 5 b Lol 355 vga Sia 5 4
A5l asls Olw g olE 53 polie ol Chle 87 Slej . dins
4 Jgmame 5 Shos 5 0lS goi 5 diy il p 3 1) e 31
—ele il Jgleea (Lynch, 2019) & &ls dal g JLis
5598 & oo MNSO4 5 FeSO4 ZNSO4 iile (s4ikn 35
a3 o OLE 1) olE 53 (6 b sl ol Ol LOT ST
o3 Sl 43 age A5 T (Moghadam et al., 2011)
503,V 1y g 154 5l olE L gdhe 5l
Oleily Tulg 3 5 iled oo m i |y ezt 43 ate ) 3l g JLa)
o) » esdle (Bera et al., 2015) das o il 1y 5 Shes
S5 5o JU (1) O e om0y 5 51 580 e
slge 31 gmwlia Jolas O e 5 o sl _ud o g iy
& s— 3l (Zulfigar et al., 2021) LS o al 3 1) (6 i 553
(b A Sl gmn I LS 55 (655 bl e Koo
e Al i 055 2 o ¢S g )
O 55 Shos Sl 3l o (LS (SlaSL )3 a0y

.(Moinuddin & Imas, 2008) 5 s& o &5,

by 25959 3Mg0
il 50, Mes oty (5 G sloe J1 g skt &
I 55 b las Hie Sole 3T b ol s 5y 0l 5 Shes
0 dSLils _Sladios 45530 53 VEVNFY AP NP ol
G5 Lg,u}i,_sh,;é\,@;ﬁw}%@a@sb@”uf
b ( Jai 42851V 54 3 Y7 Slil i 5o L g i
o 5120 QD gLl 5 3,5 aRES TP 5 5308 oLl s
;.JLSJJ&JJSB%\Q)H@JQD)T.A_&C\;JQ):
oY S 5 05, 6 LS an b ol LelS laeS o - b

Iranian Journal of Seed Science and Technology

4odo
);W;ﬁ)\swq@;wgywmféwuéﬁ
A5 ey sbaals s Sl Sl s Ol 4k
Olgr (gHe pl3 g Sligm 5 SN Sl (o 1HE Lo
Y\ 554> 5 (USDA, 2015; Watts, 2016) das o LS5 1,
elasl s 4 ) Olgr iS LB )51 1S O sibee
$ladils wge [ 4 4> 5 | (OECD-FAO, 2020) el o515
555 g Ol Comer oM GWSL el sl )
53 e o920 Sl G0y sladils Ldr o6y 5 La
(Sl A8 kST 5 g Lo Sl SNl Gl i) o
Wl 0 plondl Jaome Sslize Ll 5 b 6,850 5 s
4ls oLS ¢S Camelina sativa (L.) Crantz e pll Ll
O3 QLS Ol s 4 45 el Sl 03l gl I by
Bansal et al., 2016; Vollmann et al., ) &l ou i a-li i
Ao sk T 35 s sl ks L (2015
Ve sl LlelS” s 5 095 .(Belayneh et al., 2015) <o
09 .(Krizaniak et al., 2019; Zanty et al., 2017) <! 4,
JanKoWsKi ) S 1 o sliza oS+ /V=V/A g olS ol 4l 150
.(et al., 2019; Righini et al., 2019; Zaluski et al., 2020
5 kS Olje Sl B S ol (sl 5 oty Jyl
Cusby s los ditle Jases Ll Iy g 5 5 Shes
Lol 50 o aS 55 Slas ot 03 oge oo 50 S
Casby s SAsk a5 glos 2545 gosb 4 sl e
ATl cl ks Slas L5 o (ol il o b ST
(Abure et al., 2015; Pavlista et al., 2011) dal axils i
3 90 (llalS” ez 1 OWLS 55 (gl dss Loyl b 3550 5 Lol
SIS Gl b e FIL oLE 55 s gdhe s Ol e
a3 o L2alS 1y Jpmmes 3 Shes Olokily ol oo b g
Sl p ol plawil (sla s | 5 (Imtiaze et al., 2010)
oS ol (b3l @ 5 o sllan CiST lyls sl A5
w355 55y ee oldE slge pdls Hlastl s b aS Cul ke
@ e S VLSS sl 5 sl ) e (BT e
Agha ) 55w sl b o ot oo gl do- g 5o Al 5 21
Cagr Ol,sliaS Ol 4l 5aS 55 (Alikhani & Asharin, 2012

Ol ) 658 5 psle 4,2

Vol.: xx, N0.: X, XXXXXX

XXXXXX X o ylads XX A



OLSes 5 golidl S5

b 70 sk y) SLSS 550 F a1l Ol b b o)lT
bl T ey Jzb aalsl 53 55 ((8ly5 Cud b us )y Ve
(105 b b o33 0 6 s 33 B0 b)) (Siin &y oty
VY e psb & &5 sl (o3l slome S 230 sl
Sl g C}?'/Vatdjjow}w ij\/\ (T S g r;
Jo Aaie T 23 6 53 gdingy s ae oS 5 e 5 55
2 s 25 PBT 055 L Ol jan (B L sl Ol 5
A bl s Dok jp glalale J ST S Juad b
Bl S oME 53 3 90 Sadils 1 )3 L AL &S b
Casby s Lids frlate glosgb &S5, 4 85 slaat s 5 Lo
wf);.m(l?gtwl;ﬁauwuijﬁ\Fﬂ)'m.m'\;
S dskas Sppoa &S a5l ) S5 S
35y by e Slis 5 sl Sle b o
53l 51l sad oy 5 Laosls fud 5 4 o Cgr
03037 3 Kile Slaylin (sl s Excel SAS Ver.9.2 LT
lwl) s oslize | s 530 Jlel elaw s Ols (glamsls L
AL Sl g pde 4 a5 b5 238 bl S5k 05057

(238 S0 S oty L 5

(B8 Y 5 o 5)) i 55 Jols bl ol ey k2 ||
5 A s 300 A e e 53 53) (5L sl Al e
yTQwH\ALS&AﬁJd}J‘)(@QquJQQ' > e
¥ dron (1) sulfate heptahydrate-SIGMA-ALDRICH)
Zinc sulfate ) s, olitsw (HLeSa s rj_?jJ_.,f
(S s f;’l; /% (eptahydrate-SIGMA-ALDRICH
Manganese (I1) sulfate monohydrate-) ;&K oLl 5 .
w3l oS 5 s S s (,fjl; Y/6 SIGMA-ALDRICH
dals 5 hie OT ¢ (bSa 53 p S S YYA) G b sdini
3 S50 Olaseiin (LS 6l ae 50 (5l 0oL 51 S 5 g
o )3 e g amlo Gy do yo LB ) as e ST lans
o (S ey lae s pH (glie wlie Culd ¢ JT 514
Lo e e Sl ¥ b i Ges I B3kl 65a5 VY Oy s
A S 2 VVXY Ll iole T askad o slel () Jgt)
9 e Slw 00 L S al ol e SLu ¥ bilas, dpb
G Fe bl | 6 g (ST 555 20 1/0 Ll ST o alo b
(At S 28T e Sl ) Sl ST Gee 5o baody g e e
o lld g (63L aw bo 5 ST 5L Y K b sy (55 o

VN 5P Jle 3 ST O pe5T plasisn 5 (S 5d S -V dsdr
Table 1- Physical and biochemical characteristics of soil test in 2021 and 2022

S -
15 T E S ws 38 .o 2 2 2 2 E =3
g S8 2 2 3E 18 42 92 3% 3D 2> = &
%ggaiﬁﬁin{§l:3§~:§;'1? 12 SEME 32 73
4 D ! 2 — ~ ~
0 M@ - O g
= =2 &
(@] (@]
Silt- Loam
2021 0-30 0.16 7.81 0.68 1.17 0.056 27.82 168.2 3.72 2.56 PR
Silt- Loam
2022 0-30 0.52 7.68 1.25 2.15 0.087 22 156.7 2.87 2.32 1.18 PRy

Iranian Journal of Seed Science and Technology

Ol o 65 5 psle 4,2

Vol.: xx, NO.: X, XXXXXX

XXXXXX X o ylads XX A



et OT 3B g lagsdinsns b (ke olS 3L slone

VEY 5 VP Jle s (ddy 5 Oladiads 5 (S b e gy clos atdi S 5 Sla —Y Jsul
Table 2- Average minimum and maximum temperature, humidity, rainfall and solar radiation in 2021 and 2022

= .X 3 < 3 3 >
_ = ‘%E% \%@% % E 5 hE L BE_ S
28 +E% 38F 38F 4z 45T Fsg gs
z = ,gg ) gg JE5  J g5 “WBE 3 28
S legs 2gF  1gf 4 gE 5 ET REL:

= g n g =, K Y < 3 Z
March 9.6 23.6 31 69 5.75 1972.0
sopy vl 14.7 28.8 33 64 16.47 2389.0
May 20.6 36.0 22 43 0.01 2831.6
June 21.2 36.9 21 42 0.9 2820.8
February 5.7 15.7 50 84 24.82 1183.2
2022 March 9.1 22.7 39 73 38.34 1825.6
April 14.6 26.8 43 80 53.94 2137.6
May 18.0 31.8 28 58 29.53 2792.0

4 i (o 8 A ) O jm 5y SCst 035 03 5 (g0 0 g S g b

adsl ol 53 () ) sl 51531 (o 8 /80 o5 Jlw
055 i)l 53 i sla 3> S NV BV Sloj dols )yl yo
;a;;oujd\;\m@;aMuﬁ9ﬂaY,‘_}ﬁ,~rsu;u,js
3350 0305 VY 3 aS 6 b a4 5 S Iy a5l g, 5
J:S.wu. ()T)'\H\x{u\.x:_w).s}ﬁ-)l.&ﬂjf\bq ijj.sja
3 et 03503 5y 5 035 cles Rl 5 S5 g8 (S
53k 6Sis 039 55 K5 G Sl 3 S Iy ialS 54 Y
b gdie 3oy b d shee Jlasl (Y &) Coiils il 53l 53 58
55 058 Uil aslle S5 aie OT 5 dals b g lie s
AT OW s b o &S (655 wosls DL Hd oSis
Sl oS 5 (¢ 8NP 5055 I 1 ST o it
2 a5 5 Ay iy s LY IS sl 0L (S 40)
oS s o b la i sy (8L Jgloe 3T o
O A o nlagdany )y o8 Ldse L aS us aseiis LLK
Aoy 00 dle a (il loes 4 Do (AN A
PR e TSR IS PR RC WS S PRI Ly
AT 58 (St o o s Ll Bl (6t B
AICNE o300 5 AUS Loy B0 e 3 EL sl
s op o) 3 (F S 55 WSS s oSas G5y il

St OT b acslin 55 50 055 p bgdie s oL ghous 5T

Iranian Journal of Seed Science and Technology

N SS9 § 039 Sl el X9
S ol sl E VBN L Ol e ol dlw 53 (b Ygane
o e Jols dlo ol i g al e 305
835 g I 4 e oS el (sl 55 310 St 5 s
2350 S olasls FYVEYY b 55058 e s 5 5 &St
Ol on S o g 500 St 055 258 )13 Sty b o
BB 22l 5 055 man s 8B 20 OT Sl 5 ok 3 55
Yb.ébuau.@}:Qch;\:fYVUYY’@)U):.C_&l:U.@}.-}S
4 s Oy b e 50l b 51 G5 T3 5l
53 oks &S 5y Sy Ol 51 0SS5 58 Sy Al s
355 Oljen S M 4y &St 059 5 Sl o 5 055 4
odaT Loty sy 5 03500 ol a5 () IS8
3 (08 W) Ol e g o33 Il 55 &S5 50 58 (S oy o
\{J}\dpl)jJ\_»Jsd;gm;u:ﬁ(r;'/\CN)J)!JL.»):
5 ol 5 oSl a5 B 5 i ey Rl 4 e g
ol (6350L 5 b S slaw 2l e ST gl I 50
4 s CMe sl S Ll s ol St cos s
6 55 52 3090 0331 S d a0 (gl ColBy (M s sl
4 pe 3l (6 i 3 Sla DT Uil 5 03 S Iy ralS

W15 059 Sl Juds o pl &S es S Iy a1 581 O s

Ol ) 658 5 psle 4,2

Vol.: xx, N0.: X, XXXXXX

XXXXXX X o ylads XX A



OLSes 5 golidl S5

3053 GR35 e 53 e 55 Dlaily 5 (6 R g3
Gesls 4 4= 5 L .(Malakouti, 2008) 553 o 415 3 Shas
o s A 5 5 Olje Il (215 Jlw o oo s Shee 51 ol
SINK o Calfy 1 33 2a 033 Il b gl 53 0L ) (b
e R e LT R PP
oIl 5 b sl o e alaly G 5 s Joo b g 5 s
ol s o3Il s sluss 2l 31 aS (g sb as 3,515 3 42 5 OT

(Chenetal., 2009) &S 4y

G g 5L gloee LOT oy 515 315 OLES (6 g doeas dald
Sl olas 1y Hlale op zi OAT
NOFme s e o Jol5 130 b g dia o) (AL sl
3N 23 S JE s s s ol b b
Sy 5 Shes sagr 5 aSls Oy il Eel Sl
S «(Banerjee et al., 2019; Kumar & Padbhushan, 2013)
23 m e sladd p ar bt o 1L aT (il e

41055 Ol I Gk 51615 55 0T med 5 a5,

0.120
.S 0100
32
S 2 0080
Q § 0.060
1 2> o004
" = 0020
#0000

7 11 15 19 23 27
(315 2) (6,0 pa 05 OLe
sampling time (May)

(<)

1400-01 1401-02

w105 Il 55 (b (5413 sas il ool 53 LlalS” 5 (0) 6Kt 5 (L) 5 055 Slais o 0ke) IS
Figurel. Averagevariation in camelina seed fresh (A) and dry (B)
weight at divers sampling intervals during two crop years.

0180
:',/ 0.160
o o 0140
3 B 0120
™~ 'S 0.100
A 2 0080
\\té 0.060
250040
S 0.020
9 0.000
7 11 15 19 23 27
(513 5) (6,13 pa 50 0L
sampling time (May)
(1)
1400-01 1401-02
~ 0.200
RS
~ & 0.160
e ) .9
; g 0.120
N o
& @ 0.080
Y=
§ 0.040
w
0.000
7 11 15 19 23 27
(J‘JJ&) 6)\JJ-343}~3 ol
sampling time (May)
<) (Soheil) Le- (Line-69)54 - .,

0.120
0.100
0.080
0.060
0.040
0.020
0.000

(65 s oS 05
Seed dry weight (gr)

7 11 15 19 23 27
(315 2) (6,15 pi 503 Ola
...sampling time (May)
(@)

(Soheil) J.ge (Line-69)sa- -,y

(105 b 53 (b (513 145w Calen (sla0lej 53 (FA= 0¥ 5 g 035) Ll 3 55 53 5 () 6t 5 (Q) 5 055 Dl oSSl Y IS
Figure 2. Average variation in seed fresh (C) and dry (D) weight of two camelina genotypes
(soheil cultivar and Line-69) at diverse sampling times during two crop years.

Iranian Journal of Seed Science and Technology

Ol o 65 5 psle 4,2

Vol.: xx, NO.: X, XXXXXX

XXXXXX X o ylads XX A



et OT 3B g lagsdinsns b (ke olS 3L slone A
S o150 I 4§ 0100
.~ e 4 £ 0080 3
32 0120 5 $ Q 8
) g
3 2 / 92 0060 2
2 & 0080 T2 oo
D —3 “g o 4
g 0% & 0020 A
“ 0000 0000 &——=

7 11 15 19 23 27
(313 5) 613 pa 505 Ola
sampling time (May)
(ZnSO4) (s 5, il e
(Mix) s 5

(Control) sz

(FeSO4) oaT lifpu
(MnS04) ;5 ol
—®— (Distilled water) jbi. T

(©)

7 11 15 19 23 27
(515 2) (6,15 pa 503 Qe

sampling time (May)
(FeSO4) T clifser (ZnSO4) (555 if e
(MnS04) ;5 ol . (Mix) .5 5

—®— (Distilled water) jbi. T (Control) wss

(@)

(Fhidle g3 b lagdae sy SLd shoee J.;L" Sl (6,13 54 god Calibes (Sla0bej o | pelS™ 54 (C) it 5 (&) 5 0js Sl i uzi;l._.nfﬁ‘k}g.:
Figure3. Average variations in fresh (E) and dry (F) weight of seed camelina at diverse sampling times under the
influence of micronutrients foliar application during two crop years.
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Figure 4. Average variations in fresh (G) and dry (H) weight of camelina seed at divers sampling times under the effect
of stages micronutrient foliar application during two crop years.
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Table 3. Variance analysis of yield traits of soheil cultivar and line-69 under the influence of micronutrient foliar
treatments during the cropping year 2021-2022 and 2022-2023

Sl o S
5 T . Mean Square
SOV DF (¢ 055 A S dms S Ll als
%/809' grain (C;_’l;)’& Biologic yield ~ Harvest index
eight(gr) Seed yield/ha(Kg)

) oL 1 0.544™ 5233321 54250590 1935
(Y) sl 4 0.0001 136767 36757 64.0
A 55 1 0.153™ 644408" 1218448" 72.3®

YxA 1 0.028" 8946™ 68731™ 1.07™
AY sl 4 0.0003 45269 142047 32.9
B) 3 gons sl o 1 0.0001" 59984 34086™ 0.360"
©) ke s Jhons 5 0.011™ 523794" 1274947 45.2m
AxB 1 0.001" 18203™ 6480 17.5™
AXC 5 0.005" 129477 49904 12.5™
BxC 5 0.010" 54517 31311™ 12.2%
AXBXC 5 0.018™ 103571 194321 5.87™
YxB 1 0.016™ 3938™ 7891 1.36™
YxC 5 0.011* 3669™ 270939 18.8™
YxAXB 1 0.007*" 158™ 349478 29.3™
YXAXC 5 0.003"" 1391 1904921 16.0™
YxBxC 5 0.004" 4541 1296291 6.45™
YXAXBXC 5 0.003™ 1612" 18776™ 3.63™
Tj; f:;r 88 0.0002 36789 133326 24.6
S e 1.32 10 7.47 128

Coefficient of variation

Loy ) kalcb.u): Sols sae g oy 0 Jk}lcl:.w)s Sl g cdo )30 JL.;:>\CL.~)> Sl gma pde 5 ** % ns
** * ns, non-significance at the 5% probability level, significance at the 5% probability level, and significance at the 1%

probability level, respectively.
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Table 7- Interaction of year x cultivar x foliar application stage x micronutrient solution on 1000-grain weight of Soheil
and Line-69 cultivars during the crop year 2021-2022 and 2022-2023
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[T 5 L 5
Y @5’ 1.180a Y °‘5’ 1.025k-n
=) Mix =) Mix
n — n —
g g
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Distilled water Distilled water
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> 9 AT ol . 3 »T oW
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LIS MnSO, LI MnSO,
=) - o -
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IR Mix 4 2 Mix
o - o -
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2 A dals oA s
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T8 AT Sl TS AT oW
] p 1.099cd 8 S 0.927s
¢ o FESOA < o FESO4
- g oW -8 ol
°© 20 =8 1.050g-k © 30— 0.929rs
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£ e Sl £ e Sl
P e M 1.073e-g 5 8 e M e 0.873vw
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0 . [ .
Y o fs’ 1.113bc 4 2 ‘S’ 0.935rs
3 Mix 3 Mix
i T i T
AR 1.031j-n AR 0.864vw
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dals Aals
PO} 0.977q PO} 0.864vw
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g 5 AT S £ 5 AT Sl
- 1.072e-h - 0.896tu
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oW oW
20 1.111bc 20 0.984q
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a & R a & R
SE s 1077d-f = £ Fe 2l 0.900tu
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=) - =) -
3’ £ fs’ 1.073e-g ﬁ’ £ f“{f 0.953r
Y Mix Y L Mix
o — o —
g Py
© A 1.017m-o © A 0.883uv
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Aals Aals
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*Means with common letters are not significantly different at 5% probability level based on Duncan's test.
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Table 5- The effect of cultivar interaction on the traits of seed yield per hectare and biological yield per hectare in two
cultivars, Soheil and Line-69

5 <)u§¢);¢,f,1_.<>);;,§x.9 <J&A)>r;}1:s>¢§{5;ﬁ>,§u
Genotype Seed yield(Kg/ha) Biologic yield(kg/ha)
e 1930 a 4981 a
Soheil
54 -
_ o 1796 b 4797 b
Line-69

I g ls e Doyl Sls 0sa3T bl s s e Jlaz>| cla.~ 9368 mhe oy slyls tsLa&_fg'L:ﬁe
*Means that have at least one letter in common have no significant difference at the 5% level of Duncan’s test.
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Table 6- The interaction effect of micronutrient solution on seed yield per hectare and biological yield per hectare in
two cultivars, Soheil and Line-69

EACSTR N OS5 0 8 S 5o s Shes OSa 53 0 8 k8 &5 g 5 Shes
micronutrient solution Seed yield(Kg/ha) Biologic yield(kg/ha)
-aT S
N 2049a 5097a
FeSOa4
o
N 1951ab 5023a
ZnS04
Kow )
M 1915b 5010a
MnSOg4
=7 1872b 5010a
Mix
2o T
R 1754¢ 4655
Distilled water
dals
1635d 4542h
Control

IS RS LS Y RGIPIT &gjb o}a)'T el Ao [ d\.&::-‘c}d‘w)é df,:.:w o9, slls ‘5Law§vl:.a:'
* Means with common letters are not significantly different at 5% probability level based on Duncan's test

Iranian Journal of Seed Science and Technology

Ol o 65 5 psle 4,2

Vol.: xx, NO.: X, XXXXXX

XXXXXX X o ylads XX A



et OT 3B g lagsdinsns b (ke olS 3L slone

VY

5 Shas Jolb) o3l ambl oL &5 Ol s liwe
(Zaid etal., 2012) Lib o G 5> Shes b (S5 450

2399 & Klos
&;;x;ng&(w,.x?)mouuw\wlﬂkg@t;;
f s re 8 5 ke )y J s (Il 3T s
3 Shas Jgl £105 Jlwa S pgs (25 v 5o S5k
g,w‘(vdﬂ?)wbﬁlﬁmxo\}:wdiij}sﬁ
23 05 IS T 55 5 Shes asle 5 K0ba b Joge
BVAY) S5 gm 3 Shas ke b 98 Y & G (S
Jsder) Sy (2l B1LF g 51 m 4y LSS 3 0 8 LS
st ST o daisdin sy (sl ST g2 b0
OV Ol 0 &5 5m 5, Shes s li T Sl 4w
El el (7 dade) Cils (Ll L) dald 4 S
o 5 65 > She o ite )y 5 (Soen
5, 80es il oy p b LA g ) 5ol s il
5Tl Cllas S il ol 256 o (S50
p93> w55 Gy o atiaii 5 usb) cles dhor Sl 2l 5n
SIS PR VIS PFPRTSTIC S PPN W RUPREY
Jeily 4 a5 L g o35 Ll 8 Iy (il 31

.:l:ol&sbéj)}}:{:)ﬂ;d%c\ﬂ{d:)ﬂw

S g sl
SNt Il 5 ot g il e L (s bl
Sl lsy esle &S gysb 4 (F Jda) sl OLas 1) (6,15 sae
S R0/ 1) 33 S s (FYIFL) ol 3 L
53 (1) I slaesls b aalan .V J3r) 590 (6 iy e
sl oSk S22l cwlale Cu by ke (il s Jl
3R 03 feS Gy Ol da 5 Db s ailale
don 53 35 0lS gy by dl ol Olejen 4 ole g5
Slaasls slowl g Lhgy by ST gl Ollas Ll 2
b el el ot gl 3 EIST 5 o8 Ol SRl 5 iy Sl
Olg oo edsl #loy dlw ys glos 25 D d Al ax g
vgv\_\ij&lfc@uual:;dhajjsﬁ&bfﬁfﬁf

ﬂ\sbcuj\cgu;“\oux\ﬂs;)u&);b);\pﬁw

Iranian Journal of Seed Science and Technology

v Rawashdeh & Sala (2015) «g b 50 ol L dasl) 5o
oo bl b gdie sy 3208 & e 5 4 pl 4 ST
AT 3sls Calen QLS 53 (5adsm 3 Shee L (sl smn 5
A 5o s Sl 5 ST Osm0 58 e SR
bba g s oS 55 oSis esle Il o g,
Sladlp p Sote 1L olE 53 5lisy e wlie Kok dols
ol 53 O e 4 (6 5 55 3 g0 Sl 5 e 5 (So5 05 58
Il e 5 0313 13 ST o 1)y ga 5 At
Uil (Yadav et al., 2013) 555 o J gz s 5 oS 3 Shas
e L5 r (N5 g 3 Shes Sl G Ol g 4 413 0
55 Ll (Saleem etal., 2020) 555 ST S5 50 5 Shes
Y oY b aslie 53 Jog o) Y gone e 55 31 ()
wils o Sgline Lol 8 4 o o VL o glin 5 6,8 5
sy S 53 5d s Shes o xdos &S 555 00 sl oyl
Aoy aS Sl page Jalse 5 S 55 Ol g L
55 cpmmen ml IS ST ey Y a5 Shas
AS il s Shas 1) oo Sid Jaes Ll sl HUS7 o
.(Banotra et al., 2021)
£33 #0553 (S5 g 3 Slas Ol jn Sl s 57 L
FYVO) Jsl olh) Il 4 s (S s rf,gf Y 9)
e ol sl L 1) Sldda op 2t (S s rf,l;
e s (o )3 YO/) p33 (o) dlw 5o Cdils y e L
O el men 5 (Ao )3 FY/F) Ul oy Lo 51 eSS
il a5 65 g > e LSS 53 5 s> Shes
3 8ee  Bo5 (S 313003 3y s sl S
P s s o sSan ey & sls p el 5 65 e
e S 5 Comd Jpame 0 il 3, Shee Ypams
4l (il o, CB Gdi s g Jeld) sdd as S )4y &S
b S 35 o 6 LoaS oS Aal e (G581 5
2y sas (b3l obS ase Lol 5 (S35 sl S
Sl a5 (Hampton et al., 2013 Hampton, 2002;) s,!s
)3 QLS (S5 3 Shas  gage 5T aoe Ll 5
I 85 2 Nhes 6 Aty Olge (K53 > Shes

S 6l o g5 st S Coa bty das e OLAS Lo

Ol ) 658 5 psle 4,2

Vol.: xx, N0.: X, XXXXXX

XXXXXX X o ylads XX A



OLSes 5 golidl S5

L YL slales .(Parker et al., 2020) i b o i s 5 e ls
S5 5y Sl SRl Bl esils Db i 5500k 2 e ST
Sy jelis 2als g 4ils 0y SialS o Culg s el

.(Nguyen et al., 2012; Prasad et al., 2006) 5 54 .

ua}ux>&»)>ﬂtfwd)_¢>u>ﬁl~c¢élt{3ub
Lyl b ooeen (Siebert et al.,, 2014) 5 45 o 55 Sl
6 olE (gl 3 g ge Cugby Ol 5 VU glales Liile  Jaome

2 ME 56 5 ver Jolse dler 1 al3 sy dlo e Lo

AR M IPRL SRR L SRS TN WPy S} dvj&w@),>);¢.:\>jyu,&5gﬁ>§wﬁw5&@j;t—w}v\?
Table 7. The effect of year interaction on biological yield and harvest index in two soheil cultivar and line-69 during
crop year 2021-2022 and 2022-2023

Jl LSe35 &5 5 Shes Sl sl
Year Biologic yield(kg/ha) Harvest index
2021-2022 4275b 42.4a
2022-2023 5503a 35.0b

I 3 g 3l Sl 05T el s ys gy Jlozm! o 53 85 e Uy (15 (sl o SSLee
*Means that have at least one letter in common have no significant difference at the 5% level of Duncan’s test.
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Table 8- Correlation of traits of seed yield per hectare, 1000 grain weight, biological yield and harvest index
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