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Introduction

Sunflower is one of the plants that must receive nutrients, particularly nitrogen, and often responds positively
to fertilizers. Optimizing fertilizer application in oil crops not only enhances grain yield but also leads to an
increased percentage of seed oil. Furthermore, it improves plant resistance to environmental stresses such as
drought, salinity, and frost. Additionally, this optimization contributes to enhanced biological activity in the soil,
early crop production, decreased concentrations of pollutants like cadmium in seeds, reduced toxicity, and
increased efficiency in water consumption. Despite the crop's considerable potential, its cultivation has been
confined to relatively poor soils and has suffered from inadequate fertilizer management, marked by unbalanced
nutrient consumption, thereby limiting its overall performance. Considering the comparatively low organic
matter content in Iranian soils and the environmental repercussions of continuous nitrogen fertilizer use, ensuring
optimal nutrition for this crop is crucial. Hence, given the significance and necessity of proper and
environmentally sustainable nutrition, this study aimed to explore the impact of various fertilizer types on the
yield and components of sunflower. The investigation also incorporated diverse nutritional supplements through
foliar spraying to identify the most effective fertilizer in combination with a nutritional supplement.

Materials and Methods

A field study was conducted to determine the effects of different nutrition systems and foliar spraying on
sunflower yield and its components. The experiment was conducted as a split plot based on a randomized
complete block design with three replicates on a research farm at “Khaje Marjan” village under the supervision
of the Sophian Agricultural Jihad organization in 2019. Factors were soil fertilization (nitrogen fertilizer of urea,
vermicompost, and mycorrhizae) as the main plot and foliar spraying (amino fish AMI-16, fulvic acid, and micro
fertilizer) as the subplot. Soil fertilizers were used at the beginning of the growing season, and foliar sprayings
were used before flowering and flowering stages. Data were subjected to ANOVA using Minitab ver. 17.0 and
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SAS ver. 9.2.0 statistical software. The main interaction effects of experimental factors were analysed as a
PROC GLM by slicing interactions in SAS software. The assumption of the variance analysis was tested by
ensuring that the residuals were random, homogeneous, and with a normal distribution about a mean of zero
using residual plots and the Anderson-Darling test. Means were separated using Fisher’s least significant
difference (FLSD) test at a 0.01 significance threshold.

Results and Discussion

Results indicated that the highest yield and its components were obtained using mycorrhizae and
vermicompost compared to nitrogen fertilizer. In addition, the highest yield and its components were obtained
when micro fertilizer and amino fish AMI-16 were used as foliar spraying treatments compared to fulvic acid
and control. Interaction effects showed that the highest yield and seed oil yield are related to micro fertilizer
foliar spraying + vermicompost and micro fertilizer + mycorrhizae by 4292.90 and 2035.95 kg ha™?, respectively.
However, there was no significant difference between these treatments and the application of amino fish AMI-16
as foliar spraying with mycorrhizae and vermicompost. Biological and organic fertilizers provide the required
nutrients of crops during the growth period, and stresses are not imposed on nutrients and water deficit. Although
fulvic acid is one of the effective sprays in increasing the yield and its components and increasing the
performance of this industrial crop compared to control, its effect was less than micro fertilizer and amino fish
AMI-16.

Conclusion
Therefore, it can be concluded that foliar spraying of micro fertilizer or amino fish AMI-16 with mycorrhizae
and vermicompost can provide water and nutrients required for sunflower plants in the sensitive growth stages

especially seed filling periods and result in increased yield and its components. The results of this study can be
used in the extensive cultures of this industrial crop to achieve the highest grain and oil yield.
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Table 1- Physical and chemical analysis of the experimental soil collected from a depth of 0-60 cm in 2019
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Table 2- Nutrient contents of vermicompost, amino fish AMI1-16 and micro fertilizers prepared based on analysis of these
three fertilizers used in this experiment
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Table 3- Analysis of variance (mean of squares) of morphological characteristics and some of yield components
in sunflower (Helianthus annuus L.) under different nutrition systems and foliar spraying

kS 4?)-‘1 £, aBlw yhd  gb ki b 40 &l dlass &l 15 39
SOV &3l Heiaht Stem Capitule Seed 1000-kenel
o d.f g diameter  diameter  number.capitule? weight
e 2 87.44 9.62 211 6142.2 373.32
Block
(A )55E) Sl s 2 1622.90°  47.42" 78.62" 22846.9" 2092.58"
Nutrition system (A)
A st et 4 171754 417 59.01 4768.5 509.59
Error A
(B 155) 2l Jyloxe 3 126929 3478  7483" 39661.4" 3816.28"
Foliar spraying (B)
A S X B gt 6 23345° 567" 3.23" 1238.6° 111.25"
AXB
Sl 18 78.45 21 1.35 461.5 46.87
Total error
S i 51 S 2 (gl (ool gl il ST (B30
The slicing for effects of nutrition systems x foliar spraing — mean squares
“““9“‘5 it 3 287.26" 20.51* 34.85™ 13946™ 1200.77™
Vermicompost
l}i”gil_n 3 70.46 " 111 15.87" 16788 983.26™
Mycorrhizae
i 3 137848~ 2449  3057" 11405™ 1854.74™

Nitrogen fertilizer

A sixe pae NS im0 i |y do > S g iy Jloin ] o )3 ()b e iy FF g

*

*and **: show significantly different at a = 0.05 and o = 0.01, respectively, and ns: is not significantly different.
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S Ll b b it ol &S (g ygba g0 o Sl
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Table 4- Sunflower (Helianthus annuus L.) morphological characteristics and some of yield components under different
nutrition systems and foliar spraying

adl ,lad b b . U P13 3T
S Gt gw,! Stem Capitule & ); ‘U:; M 1000-kernel
iti i i i ee weight
Nutrition systems Height (cm) diameter diameter number.capitule: 9
(mm) (cm) (@)
“‘”*“5 it 136.84 19.76 18.75 483.36 169.57
Vermicompost
Brssile 152.88 2133 19.90 500.80 175.75
Mycorrhizae
ek 130.28 17.39 15.01 418.03 150.42
Nitrogen fertilizer
(7)) sloisine 05185 Jolo 10.41 1.70 1.36 2524 8.05
LSD (1%)
gl (b slon
Foliar spraying treatments
(rBlidsbrs pac) ol 123.77 17.34 14.56 382.62 142.63
Control
AMI 16 byl mbo 368
Amino fish AMI-16 145.63 20.22 19.69 497.16 168.77
fertilizer
Srglgh s 139.32 18.57 16.47 452,27 157.98
Fulvic acid
Je 9,50 295 151.29 2185 20.82 537.53 191.62
Micro fertilizer
(2] oo slis oo 12.02 1.97 1.58 29.15 9.29

LSD (1%)

0l e 5l 3,15 L o8 5l (i IS gl
A5 (A 16 st ole 555 5 JolS 5500 355 opat)
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939 (o 5l YAUSA 5 Yo/AY L s o) AMI 16 jiubginel
Sladss b jhad 1 0o Y840 o Yo/ oV limedy bojlos ]
Jolize ol 31 (¥ Jads) asng38l aali b duslds 4o ol bl
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Table 5- Analysis of variance (mean of squares) of morphological characteristics and some of yield components in sunflower
(Helianthus annuus L.) under physical slicing for foliar spraying at different nutrition systems (ai, a and as) separately

alw ,h3 Gb s Gab > &l dlaas Al I3 39
Stem Capitule Seed 1000-kernel

diameter diameter number.capitule* weight

Ol et gbe @3lilax p ew)!
S.0.V. d.f Height

CowrgoS (959
Vermicompost (a;)

Sk 2 815.20 12.12 79.75 174.30 758.35
Block

(B 1g56) it Jslone 3 287.26%* 20,51%* 34.85%* 13945.58%* 1200.77%*
Foliar spraying (Factor B)

s
Error

525950
Mycorrhizae (a,)

Sok 2 358.02 5.20 14.99 6849.81 374.79
Block

6 28.08 1.66 1.94 502.78 27.37

(B 5g5E) (Abge 3 70.46 ns 1.11ns 15,87+ 16787.77%* 983.26%*
Foliar spraying (Factor B)

s
Error
w594 395
Nitrogen fertilizer (as)

6 89.97 2.23 1.25 486.88 75.44

Sk 2 2349.30 0.65 25.37 8655.14 259.35
Block

_(B 5 ls)_‘-"; bslowe 3 1378.48** 24.49** 30.57** 11405.33** 1854.74
Foliar spraying (Factor B)
s
Error
o 11
Total

6 117.28 241 0.85 394.80 37.79

Kk ok

S gime pas NS ixd oo i |y Mo pd SO g iy Jlein] e jd (6)b pxe i g
*and **: show significantly different at a = 0.05 and a = 0.01, respectively, and ns: is not significantly different.
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Table 6- Interaction effects between different nutrition systems and foliar spraying on a height, stem and capitule diameter of
sunflower (Helianthus annuus L.)

ews)!
Height (cm)

L puiio
Variables

Stem diameter (mm)

JEE b 3

Capitule diameter (cm)

(B ot

Slag iz
Nutrition
systems

13,550
Mycorrhizae
&j9 5 395

Vermicompost
Nitrogen fertilizer

CuwgreS (09

LN
Foliar
sprayings

Vermicompost

CowgsoS (o059

L

Mycorrhizae

1525950
Mycorrhize

525
W9k 295

Nitrogen fertilizer

W9k 295

Vermicompost
Nitrogen fertilizer

CawgroS (059

-Jsle pas) dalis
(b
Control
b gial lo 355
AMI 16
Amino fish
AMI 16
fertilizer

Soglgh el
Fulvic acid
Jol8 9550 258
Micro fertilizer
- o glas JBlas
(1) b
LSD 1%

124.31 146.73 100.26

143.77 155.67 137.47

133.89 151.47 132.60

145.41 157.67 150.78

10.59 18.95 21.64

16.88

20.66

18.58

22.93

2.57

20.58 13.88 15.63 16.68 11.36

21.47 18.55 20.20 21.46 17.40

21.25 16.54 16.29 19.82 13.31

22.05 20.57 22.87 21.65 17.95

2.98 3.10 2.78 2.23 1.85

Sofdom 0, Slas o (lilando LB 13U j5 JolS 5,S