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Table 1. Chemical and physical characteristics of the experimental soil.
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Table 4. The main effects of irrigation, fertilizer and zeolite on oil and protein yield in 2014 and the percentage of oleic

acid and palmetic acid in 2014 and 2015.
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Table 4. Interaction effects of irrigation, fertilizer and zeolite on some traits of sunflower

" aSlw yh3 A S gl Ao S Lol
lole olio . ew )l
(] (ocles) o (+252) (4252
o i cudgi) Stem diameter (rossls) Linoleic acid Stearic acid
alss asy) syl (S )5 o) (mm) Height (cm) (%) (%)
(usb, 55 zeoliterate VAP ITAY  AFAF a¥AY  AFAF YAy GrAF gray
Irrigation  Fertilizer (thal) 2015 2014 2015 2014 2015 2014 2015 2014
10 1.9¢ 1.9b 159.3b  165.6b 81.4a 813a 3.Ic 3.l1de
F1 5 1.8d 1.6cd 151.3c¢ 158.7c 669b 65.7b 2.8d 2.7f
0 1.67¢ 1.5de 149.0d 151.0d 65.7¢  653b 2.5e 24¢g
10 1.9¢ 1.8b  161.0b 163.7b 62.5d 62.5¢ 33c  3.2cd
11 F2 5 2.26a 2.2a 168.3a 186.7a 60.6¢ 60.4d 3.1c 3.2¢
0 2.06b 1.7¢ 152.0c  155.1c 60.4e 60.4d 3.1c 3e
10 1.87cd 1.7¢ 140.6e  149.4d 61.7d 61.7¢ 4.7a 4.6a
F3 5 1.63ef  1.5¢f  140.e 149.0d 60ef 60de  4.6b 3.6b
0 1.58f 1.4f 133.0f 136.7¢ 59.3f 593e¢e 33c¢c  3.2cd
10 1.76a 1.8a 151.3a 164.4a 65a 66.7a  2.5e 2.4h
F1 5 1.63b 1.6b 1453b 152.3b 63.7b  63.7b  2.7d 2.9f
0 1.5¢ l.4cd 131.7d  140.0c 62c 62c 2.73d 2.7g
10 1.4de 1.3cd 132.3d 1344d 604de 604d 3.1bc 3.1d
12 F2 5 1.46cd 1.43c 141.7¢c 140.1c  61.4cd 61.4cd 3¢ 3e
0 1.3f 1.3d  130.7d 138¢cd  61.3cd 61.6cd 29c  2.9ef
10 1.5¢ 1.4cd  129.7d 136cd  61.5¢cd 61.5¢cd 3.6a 3.6a
F3 5 1.36ef 1.3d 125.6e 137cd 60.3e 60.6d 3.4a 3.4b
0 1.16g 1.0c 111.7f 123¢ 522f  52.6e 3.2¢ 3.2¢
10 1.26ab 1.31ab 118.4cd 123.3cd 584ab 62.5a 2.2ab 2.2¢
F1 5 1.24abc 1.3abc 120bcd  141.6a 619a 61.5b 22ab 2.lcd
0 1.17bc  1.lcd 120bcd 121d 61.2ab 60.7bc 1.2d 1.2e
10 1.22bc  1.2abc 126.5ab 130b 60.4ab 60.4c 1.8¢c 2.1cd
13 F2 5 1.36a 136a 128.2a 126bc  58.8ab 57.2d 2.0bc  2.0d
0 1.02d  1.06d 124abc 120.3d 58.6ab 59.8¢ 2.2ab 2.lcd
10 1.12cd 1.2abc 120bcd 120d 56.1bc  54.5f 23ab 2.6a
F3 5 l4bcd 1.lcd 115.0d 119d 53.5¢cd 56.2e¢ 2.5ab 2.4b
0 0.84¢ 0.8e 101.7¢ 100e 53.1d  512g 2.6a 2.6a

O+ JT 055 aopd 0+ =F2 ¢ JT 055 aoj0 Ve + =F1 .S ool LB cugh, ao o Ar g8 Fr adss 5l s lol cs 4 =13 512,11
gl ;o LSD 5031 Lulal s (65L] Jlos 12 30 5 (gt 12 50 Gl Bgy sl (slanuSilos . liord 355 o0 Vo =F3 ¢ Lliard 355 0oy

Wl e bl giee WS s s iy

11, 12 and I3: Irrigation after depleting (40, 60 and 80%) ASW, respectively. F1, F2 and F3: 100% Organic, 50% Organic+
50% chemical, 100% Chemical, respectively. Means in each column followed by similar letter (s) are not significantly different

at 5% probability level using LSD Test.
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Table 5. Interaction effects of irrigation, fertilizer and zeolite on quality traits of sunflower in 2015.

Sl slo o Clgiy polio RESES ST gy o5 des
(Sgb) 4o aoy0) (5395 lojload (s 58 o) (GUSe )3 055 b)) (LS 50 0,5 9lus)
Irrigation (percentage Fertilizer Zeolite rate Qil yield Protein yield
of depleting moisture) treatments (tha?) (kg ha) (kg hat)
10 705.6d 532.7b
F1 5 693d 477.8cd
0 563.2f 376.3f
10 852.2b 495¢
I F2 5 943.6a 556.1a
0 758.5¢ 464.3d
10 607e 546.1ab
Fs 5 528.4g 422.9¢
0 472h 335¢g
10 577.5b 286.6ab
F1 5 489.4d 247.5¢
0 507.4d 258.4c
10 645.2a 249¢
12 F2 5 549c¢ 220.9d
0 504.9d 196e
10 510d 281.1b
Fs 5 450e 282.6ab
0 430f 294.1a
10 421.3a 166.9a
F1 5 424 .4a 144.6ab
0 369.8ab 129.2b
10 378.4ab 116.3bc
Is F2 5 345bc 92.6cde
0 299.8 be 74.2de
10 262.9d 77.2de
Fs 5 251d 96.3cd
0 153.6e 67.1e

355 oy B =F2 ¢ JT 555 aoyo Vo v =F1 .S oolitul BB cush, o s Ae g £ Fr adss ) bl cs g =T 5 i
2 Sl Sl 0 505 g 2 50 LSy By lls sloSiles . liard 055 o yn Ve e B3t Gl 05 Go 0 00+ I

D35 e b o e BB o )0 iy mhaw 43 LSD yge5T bl

I1, I and Is: Irrigation after depleting (40, 60 and 80%) ASW, respectively. Fi, F2 and F3: 100% Organic, 50%
Organic+ 50% chemical, 100% Chemical, respectively. Means in each column followed by similar letter (s) are not
significantly different at 5% probability level using LSD test.



WA oy VY als s psle 5o aee sla s Vo
25V g wlerd oy Ve 6408 gl (S M/Mb

Bles sl G5 Sk Gl 5 a8 ol ol e
53 SIS sl (F Jpo) 2l hals sl Sy lin
I eSe bl Glaptans IS5 50 Jlo g
e Ol gy 9 Ly bt 4 JI slo)les
J39) ol 4y 5lS sl St st (o] (25
S G5 g58y Jedoa apl S Ll wops als (Y
Sezen et) ol Ko g 5 gl dlive dzeil cpl &5 Cul
wopld odle gy JI sleyles ool qal., 2011
Jsb 5> 2l & g gy s ol (s olie ol
anly o addegsy gl eolanwl asleas ok, Jad
Fe 6% g bi 4 jemie JT sloosS (glugieS
CHESs Oygoas oy 0,90 Jobo yo g aliS e yolie
s ol ol g 00ls 1B ol S LSl ol ple jolie 5 O
Ol 45l a5 ouls oleS s byl oy SIS als
boails (S (b azlge 5 olS (S 050 Gial3Sl
Basun et al., 2008; Munir et ) cwl 583 slabes

«(al., 2007

Slas ke wSlas (i ol 5l Jol> b @ axgi |
Oean 3 ,8es) (A5 Slas g (elis)l g Bl Jh) (ia,
ot kel b (el Sitlgid g sl Syl 08, 0 ,8hos
el Caws 4 S oolazwl BB Cogb, ao e o sadss )l
cel gugb, G5 45 L85 aml Gl ggeme o
5 el gD gldle oz slaasul ws s Gl
Sl o 2alS o sl Sl (ol St
o Sloe cudgiy 00,5 L (6065 (slo Lo dnn o 0l ol
38 b el i 5 28l Gralidl s,
5 0 055 o VEIF + (gaiansS o5 o5 YAIY) LSIT 355
L odel casoss adgs; JSa 40 o5 Ve b ool es (LS
L olyon (GathosS 5 (£50) 055 hedl 65 S
S90Sl pedle (15 pae lld s g
G5l Az J JSD 4 (6355 0055 1 9790 (1555
S o g olyen a4 JT sloogS ol 5l eolatul e oo

20,5 olo Klsl olS oS Slas 35T ogugs cels

oy Ve

2o (5 Joisian ;5 drel Satally fsse Jlo 5 50 50
Vbt e 55 Sl 5 055 ssll bl Sl 3
als s Jlo g9 5o (b gLl ol S1.cs S 5 s s
Gl el Sl Gl (shsb) 5 Rl L S
Olier OereS 5 iy wiSa S pba Wi
Sy Froghe aldsd 5l )kl Hlesd 5o sl Sl
ool (F Jgaz) w5 ol SL- oolinu] LB cusb,
5oL 0y 0)90 Jobo (malS b ol lagi ol (g s
laleo b ails  Sogw, i Bolas caws ol ol w045
@z s Gl (Rl e ol (pl &S anaS i
FolisS olS w0590 o3Il jo S jsbay il oats gl
e a8l i gle S b Bolas jdy (Soew) al>pe s
bl ol a5 sl Lialsdl als bt oz slaand
Flagella et al., 2000;) s ls cillae opbisxe ylo gls
19 oS s uien (Mokhtassi-Bidgoli et al., 2013
Aoy Voo jless 5o sl Sally e g0 5 ol Jlo
VY 5 YAE) JTosS Ve v Lo & G oboands 555
Sial33l (aoys VOIY § VE8) als 568 La 5 (oo
Glracwl as o g yieS Lol Jdo (F Jsaz) ol las
(il 5 ol 4 Cond JI lajles o glidl Gy
b (5t yoder sool8 L a5 Ceslongy 1 og8 51 ooliul
ooond 5ok wby ey90 Jsb Gl o Jad sl
Golas Yol (alilian et al., 2012) wloass o] o
Olyee molS Cely jiaS glalos b ails  Sapw, o
it oy Gloal Gl s gldl oy slaasl
Jlade mlidl L (Zheljazkov et al., 2009) 54 o
W8l el sl Sl (e S 0 codgs;
5% Sl Sl Gl idin e Jlo 99 58 )0 4S5 )5k
2V et o ol peReS 5 Sl o)l poe e

(F Jga2) 0 oy LS

o] SOy L/
Cdgsy 9995 s lol Alfan iiSemp S Jlo g0 o 40
Sl gire Sl Sl Gl ae 0V i mhaa o
50 el SOl Gl YL Jle g0 2 0 90 )8
oolaiwl bB cogh, awyo Fooadss 5l e syl s



10) e OSeres dilitee molie 4y o Kbl iy S g iug, Slae 2iSTy ) Kes § ol

Arancon, N.Q., Edwards, C.A., Dick, R., Dick,
L., 2007. Vermicompost tea production and
plant growth impacts. Biocycle. 48, 51-52.

Baghbani Arani, A., Modarres-Sanavy, S.A.M.,
Mashhadi Akbar Boojar, M., Mokhtassi
Bidgoli, A., 2017a. Effect of application of
zeolite and nitrogen fertilization on growth,
seed yield and water productivity of fenugreek
(Trigonella foenum-graecum L.) under drought
stress conditions. Iranian Journal of Agronomy
Science. 19(3), 239-254. [In Persian with
English Summary].

Baghbani Arani, A., Modarres-Sanavy, S.A.M.,

Mashhadi Akbar Boojar, M., Mokhtassi
Bidgoli, A., 2017b. Towards improving the
agronomic performance, chlorophyll

fluorescence parameters and pigments in
fenugreek using zeolite and vermicompost
under deficit water stress. Industrial Crops and
Products. 109, 346-357.

Basun, M., Bhadoria, P.B.S., Mahapatra, S.C.,
2008. Growth, nitrogen fixation, yield and
kernel quality of peanut in response to lime,
organic and inorganic fertilizer levels.
Bioresource Technology. 99, 4675-4683.

Camara, K.M., Payne, W.A., Rasmussen, P.E.,
2003. Long-term effects of tillage, nitrogen,
and rainfall on winter wheat yields in the
Pacific Northwest. Agronomy Journal. 95,
828-835.

Dwivedi, S.L., Nigam, S.N., Jambunathan, R.,
Sahrawate, K.L., Nagabhushanam, G.V.S.,
Raghunath, K., 1993. Effects of genotypes and
environments on oil content and oil quality
parameters and their correlations in peanut
(Arachis hypogaea L.). Peanut Science. 20, 84—
89.

Farmanber, A., 2011. Effect of integrated
mychriza, vermicompost and zeolite on yield
and component yield of sunflower. M.Sc.
Thesis. Tarbiat Modares University. Tehran.
Iran. 307p. [In Persian with English Summary].

Fernandez-Martinez, J., Jimenez-Ramirez, J.,
Dominguez-Gimenez, J., Francis, C.A., Bulter,
F.C., King, L.D., 1990. Sustainable agriculture
in temperate zones. New York. John Wiley and
Sons. U.S.A.487p.

Flagella, Z., Rotunno, T., Tarantino, E., Di
Caterina, R., De Caro, A., 2002. Changes in
seed yield and oil fatty acid composition of

&L
high oleic sunflower (Helianthus annuus L.)
hybrids in relation to the sowing date and the

water regime. European Journal of Agronomy.
17, 221-230.

Gholamhoseini, M., Ghalavand, A., Khodaei-
Joghan, A., Dolatabadian, A., Zakikhani, H.,
Farmanbar, E., 2013. Zeolite-amended cattle
manure effects on sunflower yield, seed
quality, water use efficiency and nutrient
leaching. Soil and Tillage Research. 126, 193—
202.

Izquierdo, N.G., Aguirrezabal, L.A.N., 2008.
Genetic variability in the response of fatty acid
composition to minimum night temperature
during grain filling in sunflower. Field Crops
Research. 106, 116-125.

Jalilian, J., Modarres Sanavy, S.A.M, Saberali,
S.F., Sadat-Asilan, K., 2012. Effects of the
combination of beneficial microbes and
nitrogen on sunflower seed yields and seed
quality traits under different irrigation regimes.
Field Crops Research. 127, 26-34.

Lima, D.L.D., Santos, S.M., Scherer, W.H.,
Schneider, R.J., Duarte, A.C., Santos, E.B.H.,
Esteves, V.I., 2009. Effect of organic and
inorganic amendments on soil organic matter
properties. Geoderma 150, 38—45.

Khodaii Joghan, A., 2015. Response eco-
physiology of sunflower to nutrient's systems
under different irrigation regimes. Ph.D.
Thesis. Tarbiat Modares University. Tehran.
Iran. 150 pp. [In Persian with English
Summary].

Manivannan, P., Abdul Jaleel, C., Sankar, B.,
Kishorekumar, A., Somasundaram, R.,
Lakshmanan, G.M.A. Panneerselvam, R.,
2007. Growth, biochemical modifications and
proline metabolism in Helianthus annuus L. as
induced by drought stress. Colloids and
Surfaces B: Biointerfaces. 59, 141-149.

Metcalf, L.C., Schmitz, A.A., Pelka, J.R., 1966.
Rapid preparation of methyl esters from lipid
for gas chromatography analysis. Analytical
chemistry. 38, 514-515.

Mokhtassi-Bidgoli A., Aghaalikhani, M.,
Nassiri-Mahallati, M., Zand, E., Gonzalez-
Andujar, J.L., Azari, A., 2013. Agronomic
performance, seed quality and nitrogen uptake
of Descurainia Sophia in response to different
nitrogen rates and water regimes. Industrial
Crops and Products. 44, 583-592.



WA oy VY als s psle 5o aee sla s

\OY

Munir, M.A., Malik, M.A., Saleem, M.F., 2007.
Impact of integration of crop manuring and
nitrogen application on growth, Malik, yield
and quality of spring planted sunflower
(Helianthus annuus L.). Pakistan Journal of
Botany. 39, 441-449.

Omidian, A., Siadat, A., Naseri, R., Moradi, M.,
2012. Effect of ZnSo4 foliar on oil yield and
protein of seed in four canola cultivars. Iranian
Journal of Agronomy Science. 14(1), 16-28. [In
Persian with English Summary].

Schneiter, A.A., Miller, J.F., 1981. Description of
sunflower growth stage. Crop Science. 21, 901-
903.

Sezen, S.M., Yazar, A., Kapur, B., Teken, A.,
2011. Comparison of drip and sprinkler
irrigation strategies on sunflower seed and oil

yield and quality under Mediterranean climatic
conditions. Agricultural Water Management.
doi: 10.1016/j.agat.2011.02.005.

Shoghi-Kalkhoran, S., Ghalavand, A., Modarres-
Sanavy, S.A.M. Mokhtassi- Bidgoli, A.,
Akbari, P., 2013. Integrated Fertilization
Systems Enhance Quality and Yield of
Sunflower (Helianthus annuus L.). Journal of
Agriculture Sciences and Technology. 15,
1343-1352.

Zheljazkov, V.D., Vick, B.A., Ebelhar, M.W.,
Buehring, N., Baldwin, B., Astatkie, T., Miller,
J.F., 2009. Yield, oil content, and composition
of sunflower (Helianthus annuus L.) grown at

multiple locations in Mississippi. Agronomy
Journal. 100, 635-642.



