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Effect of nitrogen fertilizer and biofertilizer application on yield and quality of
sunflower (Helianthus annuus L.)
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Table 1. Chemical and physical characteristics of the soil of the experimental site in first year (2006)

et 5 (K Dlo g an dewl
S o e ) S okiph B ol pe s JECab, Ol (Bli i b EIE IS 855 by b
iﬁiﬁiﬁi{i:gﬁﬁ?l Sand Silt Clay pH Total neutralized'materials ~ Available water ~ Cation exchange capacity Onii?ttlrc nifr(z)tgin K P
(%) (%) (%) (meq.100g™) (%) (%) (mg.kg")
69 20 11 7.7 5.5 12 6.4 1.06 0.07 >350 >25

(\YAD) Ul Il 55 slagdis slajleg ool s cOFAS) (gle3T s Sl 53 Sl 035 25 Ol 5e =Y sl

Table 2.Nnitrogen content in the soil of the experimental site (2007) from each pre-plant nutrition treatments of the first year (2006)

Sludss sla,les ST o Vee whand Lo 3 YO+ JT 4o p5 V0 wlhend o300+ JT U300 o Ao 3 VO JT Ao 55 YO PRS- NWINEE
Nutrition treatments 100% organic 75% organic + 25% chemical ~ 50% organic + 50% chemical  25% organic + 75% chemical 100% chemical
I, 1y I, Iy I Iy I Io I, 1y
(Aoy3) JS" 059 5
Total nitrogen (%) 0.11 0.11 0.10 0.07 0.10 0.11 0.10 0.10 0.11 0.11
*The numbers in the table are the means of three replications el 5SS a5 Ske (g 53 0ks S5 slels
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Table 3. Combined analysis of variance for plant characteristics and fatty acids content of sunflower grain oil in nutrition and PGPR treatments

MS) ol (Sl

S5 s s Shes G133 Sas S8 Ol R 393 Sas Saally sl Sl Sl el S el S el S5ty e
3T a3 Biological Grain Protein 0il Oil Palmetic Stearic Oleic Linoleic Linolenic Arachidonic
S.0.V. S polie d.f yield yield (%) (%) yield acid acid acid acid acid acid
Year (Y) Ju 1 1865603.1™ 733057.1™ 283" 975" 438750.1™ LI 13.17 0.5 53" 0.11" 0.20°
Y R) Jo gl 4 709141.5 180412.9 2.5 2.5 62892.3 0.1 0.2 3.1 1.9 0.002 0.02
Fertilizer (F) 555 4 13356270.8™ 2320009.4™ 12.47 36.8" 372735.6" 0.5” 1.57 92" 31.6" 0.0008™ 0.03"
YxF 585 JL 4 70955.9™ 5653.1™ 0.04™ 0.6" 1911.2" 0.01™ 0.3" 3.3 2.8™ 0.0001™ 0.01"
Error a ol sl 16 1173653.6 60528.5 0.5 1.6 17050.8 0.04 0.03 1.03 0.9 0.0002 0.002
Biofertilizer (T) S 1 5950860.6™ 572717.4™ 1547 24.7" 243913.9” 387 1.8" 16.27 412" 0.0004™ 0.002"
FxI e 35X 358 4 237698.6" 10651.5™ 0.35™ 0.6™ 3376.4™ 0.04™ 0.14" 0.6™ 4 4 0.0029™ 0.01"
IxY s 358 Xl 1 51674.2™ 3872.1™ 0.05™ 0.4™ 67.3™ 0.6" 0.07™ 0.1 2.9. 0.0005™ 0.000001™
Y xFxI e 355X 35% UL 4 49756.4™ 4097.5™ 0.25™ 0.2 1072.2" 0.07™ 0.1 0.8™ 1.3 0.0003™ 0.01"
Error b o sl 20 63420.1 6676.4 0.25 0.6 1977.2 0.04 0.04 0.8 0.4 0.0004 0.002
C.V (%) S g 2.8 3.4 2.5 1.6 3.8 3.3 4.9 2.4 1.2 7.4 5.7
ns: Non-significant s sxe 8 NS

* **: Significant at 5% and 1% probability levels, respectively
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Table4. Mean comparison of intraction effects of nutrition and PGPR treatments on plant characteristics and fatty acids content of sunflower grain oil

S5 > Sas S lzal ol S5 )T ol
S 1 Biological yield Stearic acid Linolenic acid Archidonic acid
Linoleic (kghat) (%) (%) (%)

acid \Y¥AD \YA? \YAD \YA? \YAS \YA? \Y¥AD \YA?

Biofertilizer )5S treatments Fertilizer J7 s gls ,les (%) 2006 2007 2006 2007 2006 2007 2006 2007
(100% organic) (ST Lo)5\e) 48.4de 7629.5¢ 7814.2f 3.23¢ 4.47de  0.29bc 0.20g 0.86bcd 0.93a

3 S S s gl (75% organic + 25% chemical) (;las o5 YO+ IT Lay5V0) 49.2¢ 8943.9cd 9470.8cd 3.23¢ 4.35e 0.33ab 0.25a 0.87bed 0.76f
(inoculation v;/ith PGPR). e (50% organic + 50% chemical) ( ;lbad deoy3 80+ JTs,504) 52.6a 10117.9a 10280.0a 3.53 be 4.27¢ 0.31abc 0.22¢ 0.86bcd 0.66k
(25% organic + 75% chemical) (slas o5 VO+ JT Ao ;5 Y0) 52.1a 9406.5bc 9708.3bc 3.43bc 4.67cd  0.33ab 0.23d 0.97ab 0.79%¢

(100% chemical) ((ghors Lo ys Ve 0) 50.9b 8605.4d 8900.0¢ 4.33a 4.99ab  0.31labc 0.21f 0.90abcd 0.74g

(100% organic) (JT doys 1) 47.8¢ 6411.8f 7095.8g 3.17¢ 4.66cd  0.34a 0.25b 1.01a 0.85¢

(75% organic + 25% chemical) ( ;lecs do )3 Y0+ JT Ao ;5 V0) 48.3¢ 8520.4d 9064.2¢ 3.80b 4.86bc  0.32abc 0.23d 0.95abc 0.89b

el F s S losk i ee (500 organic + 50% chemical) (lact doysdos JTas,s0s) 5182 9717.8ab 9927.5b 3.76b 4.63d  0.30abc 0.23d 0.83cd 0.72i
(non-inoculation with PGPR) (25% organic + 75% chemical) (il doysVos T asys¥a)  49.0cd . 8809.dcd”  9325.0d 4432 4.86bc  0.28¢ 0.22¢ 0.82d 0.81d
(100% chemical) (glhasdr ez ys Ve v ) 48.1e 7801.4¢ 7905.0f 4.66a 5.14a 0.33abc 0.24c 0.91abcd 0.67j

Means in each column followed by similar letter(s) are not significantly different at 5% probability level using LSD Test.

a1

L (613 srn 3l o y3 gty e el 53 LSD 0 g0 5T ol ckites &S 2t O3 (115 47 o Sie O 52 55
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Table6. simple correlation coefficients between traits of sunflower in combined analysis

Sradlyo! Sl g Al <l> 5 Shes SF Ol 3 kes
Palmetic &Sl S 1 el &S g Linolenic S gty T Al Grain Oil content Oil S5 g 3 Shas
Plant characteristic A i acid Stearicacid Oleic acid _Linoleic acid acid Archidonic acid yield (%) yield Biological yield
Stearic acid Aol &Sl 0.71"
Oleic acid deal S -0.55" -0.41™
Linoleic acid el &S 42 -0.24™ -0.18™ -0.34™
Linolenic acid ) 5152 -0.30™ -0.74" 0.11" 0.08™
Archidonic acid Sl S sk, T -0.30™ -0.54" 0.25" -0.15" 0.64"
Seed yield als > Shes 0.06™ 0.16™ -0.50° 0.70™ 0.30% -0.52"
0Oil content (%) sy Olge -0.17™ 0.27™ 0.54° -0.51" -0.53" -0.04™ -0.41™
Oil yield sy > Slas 0.03™ 0.26™ -0.38™ 0.60" 047 -0.59" 0.97" -0.17%
Biological yield S5 g > Shas -0.02™ 0.09™ -0.46° 0.75" -0.23" -0.47 0.99” -0.43™ 0.95"
Protein content (%) s Ol e 0.12™ 0.42"™ -0.33ns 0.63" -0.58" -0.70"" 0.81"" -0.08™ 0.85"" 0.79"
ns: Non-significant I3 sae 8 NS

* %% Significant at 5% and 1% probability levels, respectively
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Table 5. Mean comparison of main effects of different nutrition and PGPR treatments on plant characteristics and fatty acids content of sunflower grain oil (2006-2007)

S5l Al 30> Shas
Szally ol Oleic sl 5 ,Shes B Ol Oil yield (kg.ha™) s O
Palmetic acid acid Grain yield  Oil content \YAS ) Protein
Biofertilizer  zwjssS Fertilizer treatments 635 sbjles (%) (%) (kg.ha'l) (%) 2007 2006 content (%)

(100% organic) (JTae )50 5.82¢ 39.8a 1777.1d 51.1a 819.3d 999.0b 18.3d

(75% organic + 25% chemical) ( slas doo )3 Yo+ (JTds ;5 VD) 6.03b 39.1ab 2491.9b 49.0b 1119.0bc 1321.2a 19.1¢c

(50% organic + 50% chemical) ( slas deo 300+ T ds)300) 6.05b 37.7c 2924.9a 46.3d 1275.9a 1436.0a 20.9a

(25% organic + 75% chemical) ( slas doo 3 YO+ JT s ;5 ¥0) 6.17b 37.9¢ 2643.0b 47.6¢ 1171.9ab 1350.4a 20.2b

(100% chemical) ((glasds o y3 Ve v ) 6.40a 38.5bc 2193.8¢ 48.4bc 997.3¢ 1131.9b 19.9b

L ol B slas ST L ad il 5.80b 39.1a 2503.8a 49.1a 1141.5a 1310.4a 20.2a
(Inoculation with PGPR) 6.30a 38.1b 2308.4b 47.8b 1011.9a 1185.1a 19.2b

) eyl 3 Sl ST L oy el pe
(Non-inoculation with PGPR)

LI (5l e 35 A3 gty Sl elad 53 LSD 0550 5T ol cokiteos 57 2 3 (53l o7 a5 Kile D55 2 3
Means in each column followed by similar letter(s) are not significantly different at 5% probability level using LSD Test
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wlasd Lo )3 00 + GSTMJJN il 4 ds Hls
ot Ll AT s 0 JT o pn Ve Hles o s
SLasles 53 85y 3, Shas g )3 (65l5 ins
Jadar) Sl 5 s (il pde 5 eadl) oL STL
s A5 03 b, 5, Shes 1S LL0T 1.8
Ol e 5 a5ls 5, Shas Jole 33 O il 51 (5S)
O+ (il Slag 55 wls s Shas 555500 (AU 25,
O35, I L 5 glecd Aoy 00 + JT ds s
Ko 3 m g B B U s bl
s> Slas 2131 0 gz b oo ST g, Ol
s cmlie O s 03 9dee 53 35S Ul a6l &
(il o0 03 9des Olad 53 5895 Ol S 51 5V
el s LB i1 5 Slasiy 55 3,8 es o
s Shes e faine s Y Mas 4y 5 b
oY 4S5 5 0,Lal Ol g5 e ils 5 Shas 5 sy
ol o lan gl > sl (255 5 Slos A 5
Ly asl oml 50 LSS & J5olS (0 Jsds)
{(Blamey and Chapman, 1981) &l . 4l
7 S

5 hadss slajbes O 51 oSl alie ol
YL 5 S o 5o iy o153l slags ST,
S el Ole sl dis glaslas S1aS7 ks 0L
slas 53 OT Jlie op 2de 50350 lo ne ¢Szally
Sad 53 0T Oljn o 0S5 (pleand 558 Loy Ve
S S S L il s ol ST do s\

O el ls gme Al s 55 055 25 oS

fvy

..... ‘Jﬂ»}[_)j}_,::ﬁ:;t}};l"

(7 5 ¥ Jglhsr) Sl 03 4 iy 0t il OlaLS
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5,13 Callas (Ram Rao et al., 2007)
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Sl 03 5513 s 5| (S e anglie il
03 Ly ol 3 Slacs ST 5 sla s slasles o
(el 013 LT &3 585, Oljme (S0 oS o 4
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Effect of nitrogen fertilizer and biofertilizer application on yield and quality of

sunflower (Helianthus annuus L.)
Shoghi Kalkhoran, Sl., A. Ghalavandz, S.A. M. Modarres-Sanavy3, P. Akbari*

ABSTRACT
Shoghi Kalkhoran, S., A. Ghalavand, S. A. M. Modarres-Sanavy, P. Akbari . 2010. Effect of nitrogen fertilizer and
biofertilizer application on yield and quality of sunflower (Helianthus annuus L.). Iranian Journal of Crop Sciences. 12 (4)

467-481. (In Persian)

In order to study the effects of different soil nutrition methods and plant growth promoting rhizobacteria
(PGPR) on grain and oil yield and fatty acid composition in_sunflower (Helianthus annuus L.), a field
experiment was conducted on research farm at college of agriculture, Tarbiat Modares University, Tehran in
2006-2007 and 2007-2008 growing seasons. The experiment was_studied in a split plot arrangement of
treatments in a randomized complete block design with three replications. Five fertilizer treatments including
100% organic (F;), 75% organic + 25% chemical (F,), 50% organic + 50% chemical (F3), 25% organic + 75%
chemical (F;), 100% chemical (Fs) were randomized to.the main plots and two treatments of non-bacterial
inoculation (Iy) and bacterial inoculation (I;) were randomly assigned as the subplots. The results showed that
integrated treatments produced significantly more grain, biological and oil yield and protein content than those
grown in each of organic or chemical treatments. The maximum and minimum oil contents (51.1% and 46.3%)
were obtained with the 100% organic and 50% organic + 50% chemical treatments, respectively, whereas the
same treatments were in the converse position for protein content (20.9% and 18.3%). Saturated fatty acids
decreased significantly, while unsaturated fatty acids (linoleic acid and oleic acid) increased in response to
raising the organic manure and using biofertilizer. The highest linoleic acid (52.6%) and oleic acid (39.8) were
observed in 50% organic + 50% chemical and 100% organic treatments, respectively. Application of biofertilizer
increased the grain (7.8%), oil (11.3%) and biological yield, and also protein (4.9%) and oil (2.6%) content and
improved the oil quality of sunflower seeds. Therefore, it seems that sunflower productivity and seed oil quality

can be improved using different nitrogen nutrition methods.

Key words: Oil, Organic manure, PGPR, Protein and Sunflower
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