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Table 1. Chemical and physical characteristics of the soil of the experimental site in first year (2006)
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S o e ) S ok pd (- ol e s BB Co by 0538 (Jols b b REIEIR IS 855 ey b
(illzeal:;ﬁzlri?i:zzss? Sand Silt Clay pH Total neutralized materials ~ Available water ~ Cation exchange capacity ?;i?tr:rc n;ritgin K P
(%) (%) (%) (meq.100g™) (%) (%) (mgkg")
69 20 11 7.7 5.5 12 6.4 1.06 0.07 >350  >25

(\YAD) Il Il 55 slagdis slajleg ol s cOFAS) (2l 5 Jla 53 Sl 035 25 Ol 5ee =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)

Sl dss glasles ST ee whend o3 YO+ JT 4 j5 V0 whend Loy 00+ JT U500 o Lo 3 VO+ JT 455 YO PRS- NWINER
Nutrition treatments 100% organic 75% organic + 25% chemical ~ 50% organic + 50% chemical  25% organic + 75% chemical 100% chemical
I, Iy I, Ip I Iy I, Iy I, Iy
(Ao )3) S 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 LSS e S0k (e 3 akh 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 o Sobs
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S.0.V. ¥ pobie d.f yield yield (%) (%) yield acid acid acid acid acid acid
. Year(Y) L 1 1865603.1™ 733057.1™ 28.3° 97.5" 438750.1™ LI 13.17 0.5™ 5.3 0.117 0.20°
i
®  YR) Jo ls 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) 5 4 13356270.8" 2320009.4™ 12.4™ 36.8" 372735.6" 0.5" 1.5 9.2" 31.6" 0.0008™ 0.03"
§ YxF 5% b 4 70955.9™ 5653.1" 0.04™ 0.6™ 1911.2™ 0.01™ 0.3" 3.3 2.8™ 0.0001™ 0.01"
2 Emora Call sl 16 1173653.6 60528.5 0.5 1.6 17050.8 0.04 0.03 1.03 0.9 0.0002 0.002
T Biofertilizer (I) i 35S 1 5950860.6" 572717.4" 154" 2477 243913.9" 3.8" 1.8” 1627 412" 0.0004™ 0.002"
>
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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 Sl Aol S5 S )T ol
&S 2 el Biological yield Stearic acid Linolenic acid Archidonic acid
Linoleic (kgha™) (%) (%) (%)
acid VFAD \YAS \FAD \YAS ) \YAS \YAD \YAS
Biofertilizer Yy treatments Fertilizer J7 s 5" gl les (%) 2006 2007 2006 2007 2006 2007 2006 2007
(100% organic) (JT doys Vo) 48.4de 7629.5¢ 7814.2f 3.23¢ 447de  0.29bc 0.20g 0.86bcd 0.93a
ol S S5 i (75% organic + 25% chemical) (_;less do )5 YO+ JT des ;5 V0) 49.2¢ 8943.9cd 9470.8cd 3.23¢c 4.35¢ 0.33ab 0.25a 0.87bcd 0.76f
(inoculation v;/ith PGPR)' e (50% organic + 50% chemical) ( jlass 1o)50++ JT dsy504) 52.6a 10117.9a 10280.0a 3.53 be 4.27e 0.31abc 0.22¢ 0.86bcd 0.66k
(25% organic + 75% chemical) (_;less do 5 VO+ JT des ;5 Y0) 52.1a 9406.5bc 9708.3bc 3.43bc 4.67cd  0.33ab 0.23d 0.97ab 0.79%¢
(100% chemical) (olosd doyaVer) 50.9b 8605.4d 8900.0¢ 4.33a 4.99ab  0.31labc 0.21f 0.90abcd 0.74g
(100% organic) (JTae)31) 47.8e 6411.8f 7095.8g 3.17c 4.66cd  0.34a 0.25b 1.01a 0.85¢
(75% organic + 25% chemical) (;lacs 4o, Y0+ JT Ao ;5 V0) 48.3e 8520.4d 9064.2¢ 3.80b 4.86bc  0.32abc 0.23d 0.95abc 0.89b
el s SLLosk il ede (5004 organic + 50% chemical) (obat dys 8ot T dsys00) 51.8a 9717.8ab 9927.5b 3.76b 4.63d  0.30abc 0.23d 0.83cd 0.72i
(non-inoculation with PGPR) (25% organic + 75% chemical) (Lo doysVos JTasysvs)  49.0cd  8809.1cd  9325.0d 4.43a 4.86bc  0.28¢ 0.22¢ 0.82d 0.81d
(100% chemical) (howd oy Ve e) 48.1e 7801.4¢ 7905.0f 4.66a 5.14a 0.33abc 0.24¢ 0.91abed 0.67j
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Means in each column followed by similar letter(s) are not significantly different at 5% probability level using LSD Test.
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Table6. simple correlation coefficients between traits of sunflower in combined analysis

Sradlyo! Sl el 4l 2 Slos B30 Ol sy 3 Sae
Palmetic PR S sl el S g Linolenic S, T del Grain Oil content Oil S5 e 5 Shas
Plant characteristic A i acid Stearicacid Oleic acid  Linoleic acid acid Archidonic acid yield (%) yield Biological yield
Stearic acid Al bzl 0.71"
Oleic acid del &S] -0.55" -0.41™
Linoleic acid el ¢ 4 -0.24"™ -0.18™ -0.34"™
Linolenic acid el &Sl 52 -0.30™ -0.74" 0.11™ 0.08™
Archidonic acid el S5 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"
Oil content (%) Sy Ol -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” -0.47 -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 0.12™ 0.42™ -0.33ns 0.63" -0.58" -0.70"" 0.81" -0.08™ 0.85" 0.79"
ns: Non-significant S5 gae e M8
* *¥%: Significant at 5% and 1% probability levels, respectively Lo y3 68 5 gy el = glaw 53 s (fme 55 T 5 %
fvo
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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)

Sl 303 Ses
oS zally e Oleic sl 5 Shes B Ol Oil yield (kg.ha™) 53 O s
Palmetic acid acid Grain yield  Oil content \YA? 1Y¥AD Protein
Biofertilizer s jssS Fertilizer treatments 6355 b ,les (%) (%) (kg.ha'l) (%) 2007 2006 content (%)

(100% organic) (T doy3 10 0) 5.82¢ 39.8a 1777.1d S1.1a 819.3d 999.0b 18.3d

(75% organic + 25% chemical) ( ;lers doo)s Y0+ JT s ;5 V) 6.03b 39.1ab 2491.9b 49.0b 1119.0bc 1321.2a 19.1c

(50% organic + 50% chemical) ( ;lers do 300+ JT s y50) 6.05b 37.7c 2924.9a 46.3d 1275.9a 1436.0a 20.9a

(25% organic + 75% chemical) (_;lers doo 5 YO+ JT Ao ;5 Y0) 6.17b 37.9¢ 2643.0b 47.6¢ 1171.9ab 1350.4a 20.2b

(100% chemical) ((glasd doysVev) 6.40a 38.5bc 2193.8¢ 48.4bc 997.3¢ 1131.9b 19.9b

L o3 Glacs STL b oy s 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

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

L, I3 g o5 Mﬁ@dl@:—lck.«):LSD 03057 ol iz o5 2ta O3 o (6113 S 1 S0le O3 8 o
Means in each column followed by similar letter(s) are not significantly different at 5% probability level using LSD Test
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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 (F4), 100% chemical (Fs) were randomized to the main plots and two treatments of non-bacterial
inoculation (I) 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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