Iranian Journal of Field Crop Science el el - bls
Vol 48, No 1, Spring 2017 (159-169) O OB '°"J’°
DOI: 10.22059/ijfcs.2017.135975.653977 O0%-VF (o) VAP ler ) 55Let FA 350

I O Sdvaswl 9 9295 8 Slos ild & hos p jaud oliowd 9 S ) (SO aﬁ,lr”“is
ST dgms” Ll yd yo (IL111) o 5le

V., . A . Y. . Y oL &
2 ol (B Olgn” 97 RS (ol e ¢ > gl
‘.J'J'é‘? Jald e@b %5)'),\..‘:5 TSN ‘C,.Fb)' a}; U\:.ia".} K -\.."SJ| wt.:,ls &L.n 6_,:«-..'&.:'.: Y K \
YR/ 15 pdy fou sl — VWRE/A/TY 1Bl s fu )

oS>

2
Lyl s (ILLLD) o)lg K8 03, K (S5 p5m L Sns 2 Avd plord 5 () 538 5,8 AU s slaeny
il b s ) dals ol (63,0LaS SASEls agh Ae)5e 3 Y)Y ey dle s hbT ((Kas s
3 S 5 Jalt ol e s S s 515 aw b sl i slaS sk b I 5 oS -kl &k
3t My U e g3 (i 5 (5 S b Caghy de ) 00 B GG kD) G 0sk b b ol il 4w
S Sl b Jals oy 56 Sjsmen (25 Jole 5 (815 Cud b Cush, Mo ys VO Ml &L o) 15 e e s
Y53 Yk Sl a3 5 GESe 55 o 5 Slied gw p SohS Vor 00 00) palie b jid glend 548 aich.a s
33 b 355 5208 g laiimn Sale3T (nl 53 SN 5550 Dlis (555 S5 A5 S s (Al Do 5 k) aw
ls 3 Shoe Al ol (als A g 53 5 dlesl C&A 25 ey 255 ol e LS o o § Olied 5 g (‘;JL.S o C""’
o o 5 25 Jlesl b dd Mals Hles 4 o Soblsp GaSLE (53 VY/OF (51531 5 5USa s p S S AV Ol

bt 255 3, Lol jen fa) 355 528 e 5o Bs 2 Shes 5 A e g Ll o gladeu! Ol (215

Oland gy 555 Slajen 35,8 J1 55 i Lyl d s KN L S deye B4 cplpls ARl gyls sme LRl jiud
Ll g Ao aed b 555 L Y5000

"'—JJJL:)'L‘J 4&} C)Mﬁy ‘CJ‘"JJ E-BT ‘&J““""""&ﬁﬂﬂ -\:«d‘ :gsv\tlr‘slﬁbj'j

Effects of biological and chemical phosphorous fertilizer on grain yield, oil seed
and fatty acids of Spring Safflower in water deficit conditions
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ABSTRACT

In order to study the effect of biologic and chemical phosphorous fertilizer on the yield and physiological characteristics of a
safflower cultivar (IL111) under water deficit conditions, an experiment was conducted in 2012 at the Research Field of the
Faculty of Agriculture, Shahed University. The experimental design was split-factorial arrangement in randomized complete
block design with three replicates. The main factors tested were the three levels of water stress: full irrigation or non-stress
(irrigation up to 50% soil moisture depletion relative to field capacity), water stress during the vegetative and flowering
stages (irrigation up to 75% soil moisture depletion relative to field capacity). There were six sub-factor treatments created
using three concentrations of phosphate chemical fertilizer (0, 50, and 100 kg ha™Triple Super Phosphate) and two
concentrations of Barvar-2 bio-fertilizer (with and without inoculation with Barvar-2). The results indicated that all traits
were significantly affected by water stress condition in this experiment.The use of biological fertilizer and chemical
phosphorus fertilizer at a concentration of 50 kg ha™Triple Super Phosphate during water stress at the flowering stage
increased the seed yield and harvest index by 1761.67 kg ha and %12.53, respectively in comparison with control treatment
(non-stress). Applying drought conditions during the flowering stage also significantly increased the fatty acid content
(oleic, linoleic), oil content and oil yield when the plants were treated with biofertilizer and chemical fertilizer. Therefore,
the characteristics of safflower cultivars under water stress conditions can be improved by applying both biological fertilizer
and chemical fertilizer.

Keywords: Barvar 2, drought stress, linoleic acid, oil content, triple super phosphate.
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Table 1. Physico-chemical properties of the soil

Depth (cm) Texture pH Total N Available P Auvailable K Fe Zn Cu Mn
(%) (ppm) (ppm) (mgkg™ (mgkg™ (mgkg™) (mgkg™

0-30 Loam 7.7 0.089 10 320 2.8 24 2.6 14

30-60 Loam-Clay 7.7 0.062 5 260 2.4 0.5 1.4 7.8
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Table 2. Analysis of variance for effect of water deficit condition, chemical and biologic phosphorus fertilizers on
biological yield, harvest index, seed yield, oil and fatty acids of safflower seed

Mean squares

SOV d.f Harvest Index Biological Yield Seed Yield Oil Yield Oil Percentage
Replication (R) 2 0.335ns 314978ns 1415.78ns 4.549ns 0.480ns
Water Stress (A) 2 77.167** 17557922.89** 9034780.84** 594946.850** 7.271%*
Error a 4 0.312 47566 6991.14 6.661 0.150
Phosphorus (B) 2 114.667** 782354991 ** 980044.70** 68241.92%* 1.518**
Barvar-2 (C) 1 46.481** 50224409** 168746.45** 2849.26** 4.318**
AxB 4 158.246%* 71260624** 1354867.45** 123324.75%* 6.798**
AxC 2 78.92** 93030329** 69613.67** 8971.56** 1.761**
BxC 2 19.727** 7275736** 642912 4** 32972.06** 4,145**
AxBxC 4 52.330** 79836188** 1216007.46** 82582.50** 3.104**
Error be 30 0.246 38052 5412.03 5.734 0.127
C.V (%) 14.2 12.1 134 135 3.1

oy ) 50 Jlisl mdaw (o lo gae g jlo Jixe e oS iy e

ns, * and **: Non-Significant , significant at 5% and 1% probability levels, respectively.
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Continued table 2. Analysis of variance for effect of water deficit condition, chemical and biologic phosphorus
fertilizers on biological yield, harvest index, seed yield, oil and fatty acids of safflower seed

SOV

Mean squares

d.f Linoleic acid Oleic acid Stearic acid Palmitic acid
Replication (R) 2 0.191ns 0.0038ns 0.150ns 0.014ns
Water Stress (A) 2 19.769™ 0.171" 18.969™ 0.100"
Error a 4 0.134 0.003 0.057 0.008
Phosphorus (B) 2 20.872" 0.450™ 25.737" 0.406™
Barvar-2 (C) 1 16.061™ 0.129" 22.950" 0.0830ns
A*B 4 9.040™ 0.089" 9.675" 0.202"
A*C 2 3.492" 0.359" 7.603™ 0.474™
B*C 2 4518" 0.223" 5.109” 0.269"
A*B*C 4 9.643™ 0.066™ 13.290™ 0.442™
Error bc 30 0.036 0.0024 0.039 0.0064
C.V (%) 20 43 41 3.2

Aoy ) g0 Jlossl mda )8 Jls See g 0 gixe mE o Sy s g 8 NS

ns, * and **: Non-Significant , significant at 5% and 1% probability levels, respectively.
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Table 3. Mean comparison of effect of different phosphorus fertilizers on yield characteristic and oil seed of
safflower under water deficit condition

Water stress Barvar-2 Phosphorus  Harvest Index  Biological Yield Seed Yield Oil Yield Oil Percentage
(kg ha™) (%) (kg ha™) (kgha')  (kgha) (%)
0 30.66 a 9190.0 ¢ 3028.27b 72494 c 25.72b
without inoculation 50 31.26a 13252.3b 3657.16a 966.07a 25.74 b
NO stress 100 32.46 a 21820.3 a 2928.67b 816.76b 26.90 a
0 18.40 b 17801.3¢c 3563.20a 958.46 a 26.33 ab
Inoculation 50 28.56 a 19278.3b 2309.46¢c 570.17c 25.53b
100 28.30 a 24542.3 a 304593b 818.42b 26.71a
0 3243 a 12054.7 ¢ 2524.41b 637.76b 24.60 b
without inoculation 50 3243 a 16021.7 b 1846.32¢c 478.77c 25.42 a
Water stress at 100 25.26 b 33625.0 a 2935.86a 701.08a 2391c
vegetative stage 0 37.83a 11015.0c 2954.35a 74280 a 25.58 b
inoculation 50 28.60 b 14683.3 b 195891 c 492.48¢c 24.74b
100 20.46 ¢ 26750.3 a 2460.86b 680.72b 27.42 a
0 20.46 ¢ 8303.0¢c 1644.89b 413.02b 24.95Db
Without inoculation 50 28.06 a 21193.7 a 1177.03¢ 339.10c 28.49a
Water stress at 100 25.03 b 17207.7b 2380.31a 611.77a 25.55b
flowering stage 0 21.33¢ 13842.0b 811.00c  208.76 ¢ 27.02b
Inoculation 50 33.86a 14035.7 b 2572.67a 719.10a 27.77 a
100 24.03 b 28079.3 a 1458.33b 37459Db 25.28¢
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Means in each column and irrigation treatment, followed by similar letter are not significantly different at 5% probability levels, using LSMEANS Test.

)*‘U () 995 o5 g e o LSe
Oy deye 6y, bylas s 4 Cod (i
a5 aod oe lid boaalie s el alils
om0 e 355 Dl )0 (89, Wo)d (n i
ol 009 JLSe j0 jaud 055 5,50S Ve e 0l
595 5 Voask saad () 995 0p)l5 (owyp o
Ao 5o 25 Lo )0 89y Soyd Gliee 2 e

o9y weyd
pRS Vvl a5 wld et Gulesl cnl o
oy 095 Aise ol jo ,USe jo ald oS
R0 A Cawd (489, doyd bl 1Yo 50L a8
g bclls g p A5 Gen kulpd o bayles
oS hald o wsdee salin ¥ e 4
33 Aed 355 @S ok B 0p)l5 (i, Ay



VAP e o) 5)leds FA 8,58 el ol lS pole

Gl Dy (Sis 15 Jlael b SIS (5, 095
O 45T W50 S eamliie o5 e Cogby el B JlS
B Ll ls ails 8y, slime p szl il sk,
@ arg b Cul e b 8, Glge 2 of)
Hnd 395 3 )5 wzls plo (lgior B (nl @S
wxge Wgioe Vgl Jd ) 995 oles 4

09 2leS Ll yh 0 S 50 g glyioe a3l

(Ll yuf 9 L) 52 Lol
S iS5 lld o el las iolesl ol il
Shd 355 3 )15 a0y land )0 5 e ciug, Al e o
GalS 5 1) 5l iy jaud 5gT 5 I8 Y L
sl Skl ol g Stedl sl e

s VIV b el ol Gl (nyieS a5 (g 5bay
355 p,8elS Ve 05 4 bgie as e VYIYY

09 S )0 gl Glie (p pin g LS (o jaud
(F Jga2) 092 ;o 095 0 )18

Vo5

30 yd gland 065 015wl ssnlie L5
9 S SV 9l jaed (St 095 bt zslaw
A yo o 25 gl ;o (589, do)d 5l e
2200 Oy Mo yd (n i &S GlgSa o)l il
S 355 S B0 o (g 355 o 53
YV Jgoz) el Cews 4y |5 o
2l A o 10 Ol 0geS a5 el oads 3155
089y Slyme 5 0 Sles glizl wo)Sles 205 sl
(Nabipour et al., 2007) sgi 0 5,5 (slaesd,
s aST s S )18 (1996) Bouchereau et al.
Bl g Olie SLadles S g (palS Al e o (Sis
oo o 1) Oss, SalS e Ul ols zals 1) 1S
2 5 Gl b cle 4 Gladles 5 g aalS
oo ydy (Sgilio) (6 3luogedgur slaais] 3 o 5
oy Jleisl g oals 4 oo Jlsl o
el s (589 adgi yo sllasl aygll slaceS
G5 bl )0 (1997) Engel & Bergman .ailes ,S°

Sl gaS Ly 50 (SIS Oy slatanl oS5 V=) sid s 995 73 (o p iz 1 eSils Al F g
Table 4. Mean comparison of effect of different phosphorus fertilizers on fatty acids composition of safflower under
water deficit condition

Phosphorus Linoleic acid Oleic acid Stearic acid Palmitic acid
Water stress Barvar-2 (kg ha) %) %) (%) %)
Without 0 77.10a 187¢c 13.97 ab 6.94b
inoculation 50 76.50 ¢ 1.97b 14.25a 7.11ab
NO stress 100 76.61b 2.06 a 13.58 b 7.47 a
0 7773 a 1.90b 13.20a 6.86 a
Inoculation 50 77.50 ab 2.05 ab 1293 a 7.38a
100 77440 2.17a 13.33a 6.85 a
. 0 75.08 b 1.89b 1590 a 7.32a
Water stress at In\gi:lltji:acl)tlljctm 50 75.03 b 259a 1539 b 710a
vegetative 100 77.06 a 2.09b 13.37¢c 7.01a
stage ) 0 77.26 a 2.04a 13.92b 6.49b
Inoculation 50 74.46 ¢ 2.03a 15.65a 7.54 a
100 76.59 b 1.98a 14.04 b 7.20a
. 0 76.09b 1.34c 14.05 ab 7.25a
m‘glc'ltfl‘:t‘:én 50 77.30a 205a 1450a 7.05a
Water stress at 100 77.48 a 175b 13.62b 6.73 b
flowering stage 0 76.51b 1.93b 13.93a 7.30b
inoculation 50 76.84b 2.06 b 5.79b 7.24b
100 83.76 a 2.33a 14.09 a 7.85a
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Means in each column and irrigation treatment, followed by similar letter are not significantly different at 5% probability levels, using LSMEANS Test
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