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Fig. 1- Mean comparison for the effect of mycorrhizal fangi species on sunflower height
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Fig. 2- Mean comparison for interaction effect of chemical fertilizers (nitrogen and phosphorous) and mycorrhiza species on
seed number per head of sunflower
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Fig. 3- Mean comparison for interaction effect of chemical fertilizers (Nitrogen and Phosphorous) and humic acid levels on
seed number per head of sunflower
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(HA;= without application of acid humic, HA,= adding 8 kg.ha™ and HA;= adding 16 kg.ha™)
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1000- seed weight of sunflower
(o 53 p,SolS 16 G yan THAG § S 45 p,55hS” ot b ypuno THAY «Syoguts dpaol Lo pae THA)
(HA;= without application of acid humic, HA,= adding 8 kg.ha™* and HA;= adding 16 kg.ha™)

BN (g5l me BB Cuts oyl Blod 4y S0 gt

OB L olS il as ol (L )3 (g9) (olngh b
Caus a5 550 )b Gxe ]38l g0 G. MOSSEAE 13,0500
@b Y 39 Uil (Samarbakhsh et al., 2009) 15 aals 4
Al o Laasly cLolis 590 (s jriwgd dlge cprals odimd oL
i1l o oSy o3 b il 5 5] Smgan
(Delfine et al., 2005) 34 0 oLS (¢ simgsd cJlad

035 2 s @B 9 Seogined Jlite J (e duylie

G )18 5 Sogdinl pgd o jlog jd a8 db Lis &b i
il (g el cawd 4 aily lia 59 op e dntraradices
po—w o (9 JSi) ai asls Jia )54 4 intraradices
b ash e e Giliel el Go mosseae 5 Siogudiw!
psd 5 Jol g 3 9 G. MOSSEAE 31,5 L &> 3o )50 oy yieS
G.  biwy o il lald L as sal cuns 4 Siogutrinl
e 3 p)Se LS 16 By ne byl s e v intraradices



IS grlbomns sloogS 5 Scrngabipnsl ciliio Z gt 5132 )50 g8 43g5 33 5!

80
70
60
50
40
30
20

1000-Seed weight (g)

10

OG. mosseae

b = G. intraradices

8
Humic acid levels (kg.ha't)

16

1 SBT3 5135 (359 52 152 )95 &) SLaaisS 5 Shagdipuw] b il T (3l o -9 JSUS
Fig. 9- Mean comparison for interaction effect of mycorrhiza species and humic acid levels on thousand seed weight of

g o 35 9 Ssagaionl pgd ghans )3 (oliardd 365 pgus 9 Jy
5 i Gl Soapninad Jo s 5 (sl 35 o3
(10 USa) w591 dgg 4 ails 5,Shes

250

200

E 150
)
=
(<}

S 100
-
>
[97]

50

0

sunflower

sbadss zohaw Jolite )51 (pSlae duolis I Jol> gl
S 29 o sLasS Wb 2 Slas pr Shopmil sk 5 (aliosds
Oty | Smgandenl pod o 5 (liond 395 pgd aw lows

ol jlos g 3 Jye5 p ajlass pole 4y o &by 5 Slae

50
Chemical fertilizer levels (%)

OHALl e HA2 mHA3

bc

100

013,501 &ild 5,5hos w Soguddaw! g (phannd 9 ©51) (I lownd (35S o Biliie §1 1Sl dunslile 10 JS
Fig. 10- Mean comparison for interaction effect of chemical fertilizers (Nitrogen and Phosphorous) and humic acid levels on

seed yield of sunflower

(S 3 )55 16 (5 pme THAG 5 S 3 p55kS o (b ymo THAY (Spoge dyusl U6 pao pis =HA,)
(HA.= without application of acid humic, HA,= adding 8 kg.ha™ and HA;= adding 16 kg.ha™)
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Introduction

Cultivated sunflower is one of the largest oilseed crops in the world. Sunflower seed is the third largest
source of vegetable oil worldwide, following soybean and canola. Nitrogen is one of the most important
elements for crops to achieve optimum yields and quality. Phosphorus (P), next to nitrogen, is often the most
limiting nutrient for crop and forage production. Phosphorus availability is controlled by three primary factors:
soil pH, amount of organic matter and plant species (Reddy et al., 2003). Arbuscular mycorrhizal fungi are one
of the most important microorganisms in majority of the undamaged soils so that about 70% of the soil microbial
biomass is formed by the mycelium of these fungi. Mycorrhizal association promotes plant absorption of scarce
or immobile minerals, especially phosphorus, resulting in enhanced plant growth. Humic acids are dark brown to
black, and are soluble in waterunder neutral and alkaline conditions. They are complex aromatic macromolecules
with amino acid, amino sugar, peptide and aliphatic compounds linked to the aromatic groups. Humic acid
contains nitrogen, phosphorous, calcium, magnesium, sulphur, copper and zinc (Subramanian et al., 2009).

Materials and methods

Experiment was conducted as split plot factorial based on randomized block design with three replications in
2011-2012. The main plots consisted of nitrogen and phosphorus appllcatlon levels (zero percent or no chemical
fertilizer application, 50% equivalent to 375 kg.ha® urea + 25 kg.ha® super phosphate triple and 100%
equivalent to 75 kg.ha™ urea + 25 kg.ha™ super phosphate triple). Two species of mycorrhizal include (G.
mosseae) and (G. interaradices) with three levels of humic acid (0, 8 and 16 kg.ha™) were placed in subplots.
The measured traits were: plant height, seed number per head, head diameter, seed oil content, thousand seed
weight and seed yield. The data were analyzed using the Mstat-C statistical software. Mean comparison was
performed using LSD method (at 5% level). The figures were prepared by Microsoft Excel.

Results and discussion

Mean comparisons showed that highest seed number per head belonged to plants under G. mosseae, without
chemical fertilizer applying and without the use of humic acid (Fig. 5). The highest thousand seed weight
obtained from using 8 and 16 kg.ha™ humic acid without chemical fertilizer and applying 0 and 8 kg.ha™ humic
acid and using 50 and 100% chemical fertilizer. It seems that humic acid has antagonistic effects with chemical
fertilizer in high levels. Interactlon of humic acid and mycorrhiza species also showed that the hlghest thousand
seed weight belonged to 8 kg.ha™ humic acid and G. intraradices. Samarbakhash et al. (2009) in maize showed
that Inoculation with mycorrhizal fungi significantly |ncreased the average seed weight. The highest seed yield
obtained from applying 50% chemical fertilizer and 8 kg.ha™ humic acid. Mean comparison of |nteract|0n effect
of humic acid levels and mycorrhlza strains also showed that the highest seed yield belonged to 8 kg.ha™ humic
acid and G. intraradices. This increase may be attributed to the extensive root development and hyphae that
reduce the distance fordiffusion of essential elements thus enhancing the nutrient absorption. Mean comparison
of interaction effect of chemical fertilizer levels and mycorrhiza strains indicated that chemical fertilizer levels
had no considerable effect on G. mosseae efficiency from viewpoint of seed oil content but applying 50 and
100% chemical fertilizer along with using G. intraradices significantly increased seed oil content. Mirzakhani et
al. (2008) in sprig safflower showed that mycorrhiza can solubilize phosphorus in soil and enhance absorb
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elements by plant.
Conclusion

In general, among applied humic acid levels, using 8 kg.ha™ had positive effects on the studied traits of
sunflower than its other levels. Furthermore, inoculation of seeds with mycorrhiza and using proportionate
chemical fertilizers can cause increased grain yield and seed oil content.

Keywords: Chemical fertilizer, Oil percentage, Phosphorus, Seed number per head, Seed yield
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