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Table 1- Physical and chemical characteristics of soil in experimental field
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Table 2- Analysis of variance (mean of squares) of seed yield and yield components of safflower under irrigation and fertilizer
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ot 2o ;3 sy Wy )0 b Gab o il &l 150 39 &1 3,Shos
S.0.V df Head per plant  Seed per head  1000- Seed weigh Seed yield
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Error (b)

(103) Slyest o 7.29 2.28 0.85 3.49
CV (%)

** *

B gre el g do)d S5 g iy Jloin] e 50 )b dxe iy 4 NS 97T
*,**and ns: Significant at the 5% and 1% probability levels and non significant, respectively.
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Table 3- Mean comparisons of seed yield and yield components of safflower by irrigation

: (LU jd 0,59ks) aily 5,Slos (55) &l 515 &3 . . " " . "
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(kg.hat) (9
Iy 1539 52° 43* 19°
I, 1118° 48" 38" 1
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185 ()b sine S SIS ey 4y ygie p 3 Al CBgys b slauSile *
* Means followed by similar letters in each column are not significantly according to DMRT.

i) s by g (aalS Jalhe (bl g (IS b cudls gloj 5l oll dad 1l {smld) wls (aiy g (BAIS (B3 (i) Bls wjgy) olpe den 43 (bl il

(el 093 L28) &b by g (BAS Jolye 3 yll alad g (B3 58y Blo gy Sl )l Tla g (Lodng) 09

I3 lirrigation in all stages (rosette, stem elongation, heading, flowering, and seed filling (control)), I,: Stop irrigation from sowing
time to flowering and irrigation in flowering and seed filling stages (stress in vegetative phase) and I5: Irrigation in growth stages
such as rosette, stem elongation, heading and stop irrigation in flowering, and seed filling stages (stress of reproductive phase)
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Table 4- Mean comparisons of seed yield and yield components of safflower by biological fertilizer resources

(650 15 5 9kS) &l 3,Skos

(@5) &l Jl32 o339

) _’9; & Seed yield 1000- Seed weight Beb 3 il s Dt 3 Beb dlass
Fertilizer resource (kg.ha) () No. of seed per head No. of head per plant
(Fi) 358 3 ye pae 1021°* 37¢ 35 12°
Non- fertilization
(F2) (pliosd 58 e 1104° 42° 37° 14°
Chimecal application
(Fs) o5 e 1229° 49° 39" 16°
Nitroxin application
(Fa) si5gil Sy 1218° 50 3gP 16°
Azotobacter application
(Fo) LS55 3 e 1260° 510 40° 17

Nitrokara application

185 )b sine S SIS ey 4y ygie p 3 Al gy b slapSile *
* Means followed by similar letters in each column are not significantly according to DMRT.
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Table 5- Analysis of variance (mean of squares) for some of agronomy, qualities and physiologic traits of safflower under
irrigation and fertilizer resources

i oo S aSles  clilyy asls g 2Nes s, doyd O s g0
P i Biologic yield i Oil vield )My -
SOV &3 ogic yl Harvest index y Oil percent Sy
df RWC
<
Rep’“’; tion 2 72295.55™ 4.101"™ 354.429™ 0.094"™ 1.356"
|r(r||)g§£ N 2 22228775.55™ 456.419 ™ 167517.23"  58.083" 340.822"
é??ofu(“;) 4 128898.889 3.666 891.655 0.158 1.056
F - *k * ke o .
Firt)i:i’; eér**("F) 4 826381.11 5.007 22211.480 51.345 82.856
: j Kk Kk
e ér’ :;’Lﬁ 8 28856.11"™ 0.839™ 1236.933 0.194"™ 2.739
é??of”(‘;) 24 19531.11 0.458 14.806 0.124 0.544
(M,a)c \u/\?:;)wr‘ 254 3.17 4.24 1.49 15
0

e 9 00yd S5 g g Jlein] w0 b dxe i 4 NS g FF X
*,**and ns: Significant at the 5% and 1% probability levels and non significant, respectively.

355 qbie 5 (6, S0t S5 Syl b 5 eS8 Sl 5 1 (Sles dunglio -6 Jgu
Table 6- Mean comparisons some of agronomy, qualities and physiologic traits of safflower by irrigation and fertilizer

resources
B . . ) 095 3yNes .
2 RS 9kS) SGjglan 3,5des Cwild y sl o . Syt 2l o g
3 2 PSS ) OF9) oy
o (s (2)9) (s il (3,
Treatment Biologic yield Harvest index _’ . percent Relative Water Crop
(kg.ha™) (%) (O k" );]'e!?) (%)
g.ha
Sl
Irrigation
Iy 6716% 22° 39712 25° 73°
I, 4282° 26° 269° 23° 64°
I3 5506° 15° 181° 21° 71°
395 &
Fertilizer resource
Fi 5064° 20° 214° 20° 66°
F> 5310° 20° 243° 21° 67°
Fs 5665 21° 295° 23° 71
Fs 5688° 21° 320° 25° 71°
Fs 5780° 22° 329° 26° 73°

185 )b sine YS! SIS ey )yt p 3 Al CBgys b slapSile *
* Means followed by similar letters in each column are not significantly according to DMRT.
i) &b iy g e alhe 1 ()bl 5 (aalS b sl loj 5l o )lol alad i1y {sals) aily iy o (aAS (a3 Eb (4B dBle (g, Jolye den yd ol iy
(coial3 09 ) 4l 38 9 (IS olya 13 ()l b g (23 B> o058 Bl gy Jolye 3 ool T3 g (g, 0590
I3 lirrigation in all stages (rosset, stem elongation, heading, flowering, and seed filling (control)), I,: Stop irrigation from sowing to
flowering and irrigation in growth stages flowering, and seed filling (stress of vegetative phase) and I3: Irrigation in growth stages
rosset, stem elongation, heading and stop irrigation in flowering, and seed filling (stress of reproductive phase)
‘)L{j)w n_‘?)..an F5 5)...{L’}.’)/n_9)m F4 ‘()"“55)"'“ «_9).40 F3 ‘dw .)5§ u_‘i)m F2 s.)9§ n_‘?).an f.\LF]_
F.. Non- fertilization, F,. Chimecal application, F5. Nitroxin application, F,. Azotobacter application and Fs. Nitrokara application
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Fig. 3- Mean comparison for intraction effect of irrigation and fertilizer on oil yield of safflower
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Table 7- Correlation coefficients of seed yield and yield components of sufflower under effective irrigation and fertilizer

resources
s . . dig) 4 dﬂb . e e .
Olew Gab > &ld &> 5 439 &l 3, Sos
Traits Seed per head H(:):?gn;:er 1000- Seed weight Seed yield
by b 1
Seed per head
4y 2 Gk 044" 1
Head per plant
&byl 459 ok "
0.89 0.32 1
1000- Seed weight
4l 5 Slos *ok sese *ox
0.95 0.49 0.83 1
Seed yield

20> Sy g gy g )3 bgtee T

*

*and **: Significant at the 5% and 1% levels

& 5 4o

o=l bl s s aS ol L Liolejl opl 5l el cowd & gl
4 (25 ) oty 56 ) Ol bl 8l @)lad o 5V adlate
Ly s ye 5 S8 T 5L el 1 s 5l ails 5,Shes e
gy 1y dlspo )3 (o)lal ElS s o a5 4y (6908 (i
Syrae 3 (e SB iy lesl 3 Sl ady Su S L
JUis am aiy (cam Jolye 0 1) lie 6 piSTus oalizul ¢
S At o ptte Sidam (6355 syl 53 Culy als
20> 5 Soglom 3,Skes cails 3Slae ol )3 oo b e
el s & S50 9 1S58 Silgm 255 99 1 o)
PSS cely gl ) Siden basgs cnl Ol 9500
3)5 Mgy (g0 3y90 Adlaie

LLod 5l Sy O o (g5me 2355 9 (o)l (iiSan
P S Ol s sgme oyt (B Jgi) 391 Jogiae (5Ll
5 4o T 5:Slie L S 9503 Sajglm 355 5 S5 pis sl
P g odag) 1 0 ol @b Jle 53 8o 60 5Sla b o y2aS
odnlive T Joao 51 a8 jobolon (4 JS03) sol Cowd 4y 3¢5 B puaao
A ash e g g @by b sl 3 Slas slial o 5l 26 0
§ Cate (Siuson o iy (1= 0/837) (1=00957) ol b o
3ySlas 8l oyt i a8 wzsl awly 3,Shee b1y b e
Oili8l g cl 000)8 Joel Clas opl > wlyuss &b 51wl
oy Say) g (plid .00)5 o wib 2,Slee i3l el laws oy
ohl—Sen 9 SL5l5,0 (Fanaei & Narouirad, 2014)
l, S, 5 gy suia 3424 (Mirzakhani et al., 2008)
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Introduction

Safflower (Carthamus tinctorius L.) is a tolerant plant to water deficit due to long roots and capability for

high water absorption from soil deeper parts. Safflower can growth successfully in regions with low soil fertility
and temperature. Behdani and Mosavifar (2011) reported that drought stress affect on yield by reducing yield
components and agronomic traits. Biofertilizer during a biological process chanced the nutrients from unusable
to usable form for plants in soils (Aseretal, 2008). Mirzakhani et al. (2008) found that inoculation of seed with
free-living bacterium azotobacter and a symbiotic fungus productive mycorrhiza addition to increasing oil and
seed cause increasing resistance against two factors of unfavorable environmental and to improve quality of
product. In order to study the effect of biological and chemical fertilizers on oil, seed yield and some of
agronomic traits of Safflower under irrigation of different regimes an experimental design was conducted.

Materials and methods

In order to study the effect of biological and chemical fertilizers on oil, seed yield and some of agronomic
traits of safflower under irrigation of different regimes an experiment was carried out split plot based on
randomized complete block design (RCBD) with three replications in experimental farm of payame-Noor
university of Zabol during 2012-2013 growing season. lIrrigation regime in three levels include: I; (control)
irrigation in all growth stages, I, stop irrigation from sowing to flowering (irrigation in growth stages flowering,
and seed filling), I; irrigation in growth stages rosset, stem elongation, heading and stop irrigation in flowering,
and seed filling were as main plots and fertilizer resources in five levels included: Fl non application chemical
fertilizer (control), Fz pure application chemical fertilizer (N (l PK) 99, 44 and 123 kg.ha™ respectively, F3 Nitroxin
application (2 L.ha™) F, Azotobacter application (2 L.ha™) and F5 Nitrokara application (100 g.ha™) were sub
plots. Bio-fertilizers mixed with seeds before planting based on manufacturer's recommendatlons Fertilizers
were applied at ratio of 123 kg.ha™ potassium based on (K,0), of sulphatedipotash, 44 kg.ha™ phosphor based on
(P,0s) of _super- phosphate triple respectively, (based on the results of above soil analysis) along with one-third of
99 kg.ha pure N based on Urea prior to sowing. Other two-third of N was applied at the start stem and heading
stages respectively. All other agricultural practices (weeds control and irrigation), were performed when they
were required and as recommended for commercial safflower production. A random sample of five plants was
selected from each plot in physiological ripening to estimate the different parameters. Data were analyzed by
using Mstat-C statistical package (Mstat-C, Version 1.41, Crop and Sciences Department, Michigan State
University, USA). Duncan Multiple Range Test was used to do mean comparisons.

Results and discussion

Analysis of variance showed that the effect of irrigation and fertilizer resources on yield, yield components,
oil yield and RWC were significant. Results showed that seed yield in treatment non stress with mean 1539 than
stop irrigation in vegetative phase (rosset, stem elongation, heading), and stop irrigation in reproductive phase
(flowering, and seed filling) had increased 45 and 27 percent, respectively. High yield by increasing yield
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components under water supply reported by Behdani & Mosavifar, (2011). However there was no significant
difference from aspect seed yield between biological fertilizers, but Nitrokara bio-fertilizer showed 19 percent
increase than non-application - chemical fertilizer (control). Biofertilizer able during a biological process,
chanced the nutrients from unusable to usable form for plants in soils. By increasing stress severity, leaf relative
water content (RWC) than (control) irrigation in all growth stages decreased, so lowest RWC obversed when
irrigation was cut in vegetative phase (rosset, stem elongation, heading). Increasing duration and intensity of
stress had an impact on loweringRWC. Reduction in the RWC under drought stress by Behdani & Mosavifar,
(2011), has been reported in safflower but with, application bio-fertilizers chances in RWC were increasing.
Data analysis showed that interaction effect of bio-fertilizer treatment and drought stress on seed yield was
significant.
Conclusion

In general, results of the present study revealed that irrigation in all growth stages, especially in stages
sensitive to drought (flowering, and seed filling) and application of biological fertilizers adapted such as:
Nitrokara and Nitroxin had positive effects in improving quantitative and qualitative yield of Safflower.

Keywords: Drought stress, Harvest index, Nitrokara, Oil plant, Relativity water crop
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