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Effect of method, rate and time of nitrogen application on yield and yield components of
winter safflower in Arak region
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ABSTRACT

In order determine the the effect of method, rate and time of nitrogen (N) application on yield and yield
components of winter safflower, this study was carried out in growing season of 2011 at Research Field of Payaam
Nour Arak University, Markazi province, Arak, Iran. A factorial arrangement design was carried out in a
randomized complete blocks design with three replications. Treatments were time of N application [(half at
planting date and half at rosette growing stage), (half at rosette growing stage and half at stem elongation growing
stage ) and (half at stem elongation and half at capitalum stage), N rates (150 and 300 kg ha™ as urea) and method
of application (mixing with soil, applied in irrigation water and foliar application) were assigned in plots. Results
indicated that the intraction between time, rate and method of urea application on characteristics such as:
capitalums per plant, seeds per capitalums, 1000-grain weight, seed yield, biological yield and harvest index was
significant. The highest (1590 kg ha™) and lowest (1037 kg ha™) of seed yield were obtained with application of
half of urea at sowing time and the other half at rossete growing stage with 300 kg ha™urea mixing with soil), and
50% of urea at sowing time and half at rossete growing stage with 150 kg ha™ of urea mixing with irrigation
water), respectively.

Key words: Biological yield, Boll, foliar, Harvest index, Urea.

* Corresponding author E-mail: mmirzakhani@iau-farahan.ac.ir



w3 Shos clizl g 3 Mo 2 03955 320 Oloj 5 Ol P9, UGB e lAtd

(59 Ol Gli8l L as ols las (6,50 s, 0 .2006)
s e a5 ggoian 8l Gl 5 OIS 0558 slaws
VYOIY 5 YRS asye yio 1 0jsé olasd (s yioS g (s yidus
9 U595 ISR )3 0 SekS Ve Bpae led 4 bgyye dae
(Forooghi & Ebadi, 59 (aald) ol Byas pae Lo
Byn 35U Eob sy 8 ol Ry o 2012)
45 950, )5S o)lte SO p jied 5 395 slassS
Fid S 55 0SS VO + (g ook V00 Bras
9 (T7) (n b o 50 jaud g (59,508 By pae g
(Mirzakhani, ool 1y e36€ 0 40 &l (VA/F) (p yieS
e Sl L a8 ol i 6,508 omsy  gls 2012 )
Gy 18l il 5 SO o ails e (59 ¢35
15 5 Cyps (VFIF) (oS g (FYIF) Cpppitin o ey 45
poe 5 (e LS )3 @ S e LS Ve Bpas 4 bgy e
,» (Forooghi & Ebadi, 2012) s4— (wali) ol & ,—as
SO 0, Slae (slizl 5 8,Skes 2 (5355 o il o) 2
0y9l 995 LS ;5 5ol Ve e Bras las 45wl (5158
3 S kS VAT b (oS g 2 4 ol gmgm + Sngeds +
may LSl )0 8 5l VAYO L 0gS B ran pae jled 5 ,LS
elaidl g2 an ) ails o Shoe (n jeS 9 (3L G 5
o=l pledl 5l dae (Mohsen-nia & Jalilian, 2012) wals
3 o5y S 0y Shoe ol 5 5, Sloe oy ales]
Span ey 5 Oliee sy oyl b cow (ST ailase

D92 (5958 055

B 9) 9 3lge
= Eisel asype 0 IVAR-A elys Lo yo Gralesl
Py A8B 0 g ax 0 YY) Sl g aly oRiils slacow
el 5] i Jak adds FY 5y ¥R 5 Lo
s ol By G VOV Ly g 3 glis) s 5
5 2l gl Shy 5l ab Ll Wil oel b gl
3o ke 5 2o B (gloplnls cailaie (nl (glon
S5l 4l b B s JyySh o pgon (talesl ool
oley Jols oyl b plol LS5 aw b ol Jls
9 SiS ploj 53 (sod Bpan) Sl ;3 0yl 365 B pan
Ao 3 355 Sl ged Bras (Djg) al> e )3 K03 (oo
39995l (ood B pas (234l Gloj y0 So0 (sed g D)
Slaglme o p3059e loy yd Ks (oo g (208l Ol
Sy, 0 (ESe )3 @S okS Yer 9 100) 09l 355 B e
2 eSS Yo 5 V0 (slel ol po Jslre 5 Bpansls

4oio

Sz 290 4 S lanmme L LS o lde Sl
Las 5ol Olez 5o el onds Jood 3l sloans ;o coge
S S e Sueal it dxlge Come (938l 59, 05,
9 LAt fiion 2l88olie 5 plierd slasyS
ot oboo 31 (SO olbend slaogS . (Ghafari et al., 2010)
oyl (sloans )3 aily g (g yhumail (39555 2puST La]
B Oyt o) (9tp 5 50 g denS TS
29 ks e (g 45 Lo 9,965,155 slasils
(Forster et al., ol yiion Canla sl lawgs o) iole 5
Srany 28 paie (n Pt (95 Jl e 50 2007)
0TS ey e Slge ol o aF sl s
O Lopg St 5 SetlS'si slaal day 35155 o, 5l
- by JJoas 59,50 (Hassegawa et al., 2008) o ,ls
was o ploul ol Sl slaan] b 0 aS eal b g led
OLLS s polis b 5l Gty o 99008 a5 ol (5 paie
Sl (Al 81 3o 5k 5l (59 S (e Sgae | (25
Ol 38l o alo i y5e g aliws jo dlo slawy b
S Hebay 0eh oo (Triticum aestivum L.) paiS o Slos

(Rajput & Gautam, 1992 .(Hatfield & prueger, 2004)

9 S ails (129, Gl i9r Bras LaS W S )1
Ve G pnn bl 3 Sla o iy 5 2l ol LS 0,
AT (6,550 idgi 4 el Cawdds LS ,o 6,5 elS
(Il el g ()59 (shaedl B pas a5 0l

S5-dis 039 Brman SIS Gl g sl Grals
59— (§e—a |y dl.(Studdert & Echeverria, 2000)
2 oe gy S9b s s Bras LS Sl ge
L) sy o oaiS bl )0 mhaw dolS  dngs Rl
o oaisS Lol glaw sl pleaslaw o g ool il
(Dreecer et al., 2000) ¢l azs) LSay o, Sa s
53,5 G155 <058 s B pan py3) 0l o o Sangsy
L oo s g a8le ik Jolre 50 (s i Sras oS
b o G yae pis dy o S 45 4l 0, S5l YAVY 0 g
sl o, Slas o g ialdl el LS o 0 F6LS VA9A
o8l L as w5055 (Burhan, et al., 2001) o 5,8
45 970 4 188l Al 58 SO el )l 39 i Sy
B VFOIFF 55505 S0 10,5k VAY By o
e i e Gl VYPIFF (595 B pae pac L 9 e
(Siddiqui & Oad, owsls |y aig glas,l o yiaS g (e



Ny VWAY i oF 8,Lad FA 800 o)l ely5 LS asle

aloyl )5 e sl Ve olaws cusls p e 5o o sl
olas SlS & ygon; (glapile Sl 8,8 L e Ly
=2 el slass g gl )| ez Slao g wals ol
S oyig e 4o ladils olasi w@igy jo leojee sluss iy
BLIST sl o)ﬂo.c w.uu dl).) RESR U u.u 9 6)50)‘&‘ 449.1
Foolin Glo g 5l (glails ol il Bis 5l oS
055 5 50 b e oomsS o 9 SBlon mpe e
Sl g Al &S 10 dilo 5 Sles o0 VF g0 Cugh,
slaals a0l b Lo uSilee daools 4y 5l o 0
Posre 9 Wl awslis vy w2y Jlis! maw o (SSls

23,5 s MStat-C o l580s 5 alwsgas Ll og

slghsy 5 (S s, Shdslee () 4o ol LS
O3y 5 kel 2l j0 Jslre «BranS1s) oyl 055 0,18
o9l e eBldolme (hgy po Wog (LS (g5, AL sl
555 LS ;0 p Sl S Ve 510 Glieds b Sy (59,
b F Jels caolesl )8 o 0u8 )8 )08 solazwl 5,50 o4
5y siile O S s, o dols (gl O cnS
W Froore wig o515 o il & 0, (59, aig alold
31 aS 39 oady ogml o) eoliital 3,50 SO 5 (LS o
AL as 635 e pll (g, sladls CiS asug &S50
pasS oS cod ptlojl Sl i Sl 53 S 8590 s
Al ad Sl o e il O U Y byl ciiS Ges o9
S Sy 9 SO Dy Al e )0 550 slacale Lol

slesl sl Jme S 42w ol -) Jga
Table 1- Results of soil analysis.

Texture Clay (%)  Silte (%) Sand (%) P N pH Soil depth (cm)
(ppm) (ppm) (%)
Loam 25 39 36 235 10 0.04 75 0-30
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Table 1- ANOVA of yield and yield components of safflower as affected by method, rate and time of nitrogen

application.
MS clasye 5u5ika

S.0.V d.f Plant Number  Capitallums  Seeds per 1000 Seed Biological Harvest

height of per plant capitallum grain yield yield index

branches weight
per plant

Replication 2 177.70 ™ 0.92"™ 512 * 0.42"™ 10.16 ™ 8797 ™ 543965 ™ 6.44 ™

Time of consumption 5 44783 **  3.80** 17.07 ** 2436**  61.55** 157903 * faad 18.22 **
2975168
Rate of consumption 1 *x 15.04 ** 51.82 ** 14.02 ** 0.29 ™ wx o 80.56 **
1218.37 596190 15186625
(Time x Rate) 2 6798™ 028"  964** 945 4229%%  51286% oo 6560%
Method of consumption 2 *x 5.16 ** 38.09 ** 46.82 ** 1850™ 65131 **  246043™  68.89 **
2039.14
(Time x Method) 4 23.10™ 1.05* 8.70 ** 36.70 **  25.22** 57068 ** el el
2182494 516.96
(Rate x Method) 2 7.77"™ 3.52 ** 4.84™ 39.67 ** 3.13™ 39390 * 767228 * 20.34 **
(Time x Rate x Method) 4 93.19™ 0.38™ 29.00 ** 73.73 ** 16.63 * 39698 * 1771163 ** 4599 **
Error 34 37.33 0.28 1.51 1.25 5.83 11331 216675 2.70
Cv (%) - 7.27 9.43 13.16 8.15 8.30 7.74 9.39 10.80

e S e g 0030 G gy Jleizl ol jo s e oS S NS g e, %
Ns * and **: Non significant, Significant at the 5% and 1% probability levels, respectively.
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Table 3- Effects of methods, rates and times of nitrogen application for plant height and number of branches per
plant of safflower.

Factors Level Number of branches per Plant height (cm)
evels
plant
50% at sowing time + 50% in tillering stage 12.26° 78.38°
50% at tillering stage + 50% in Jointing stage 12.11° 86.37°
Time of urea fertilizer application 50% at Jointing stage + 50% heading stage 12.31° 87.56"
Rate of urea fertilizer application 150 (kg ha) 5.13° 79.35°
300 (kg ha™) 6.19° 88.85°
Method of urea fertilizer Mix with soil 6.22° 95.93*
application By irrigation water 5.60° 81.07°
Foliar 5.16° 75.31°
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Means with common letters are not significantly different (Duncan 5%).
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Table 4- Effect of methods, rates and times of nitrogen application on safflowers yield and yield components.

Urea Capitalums Seeds per 1000-grain Seed Biological Harvest
ka hat per plant capitalum weight (g) yield yield (kg index
( g a ) (kg ha-l) ha-l)
° Mix with soil 11.27™ 9,73 27.33% 1193%® 40207 30.00™
E g By irrigation water 6.86" 14.93% 26.67°¢ 1037° 34551 30.07™
pad 2 150 Foliar application 6.26° 16.60% 27.33%® 1130° 4521%* 25.00°
c
.5 S
38 Mix with soil 10.63™ 12,50 30.00°° 1590° 5199™ 30.62
z % By in’igation water 12.47ab 881k 3067bd 1350b-d 53813-d 25.089f
S+ 300 Foliar application 12.07% 11.90%" 24.67° 120" B174% 2767
= Mix with soil 9.30°¢ 9.13K 35.67° 1143° 2810° 40.72°
cfw By irrigation water 6.139 21.27° 29.67"¢ 1519 4687°° 32.70°
s8R 150 Foliar application 6.90" 13.43%¢ 33.33%® 1210°¢ 4797°° 25.23%
N4+
— o
S § 5 Mix with soil 11.80° 10.97"j 29.67"¢ 1523% 541271 28.28%
=) g5 By irrigation water 9.00% 14.07% 28.00%° 1417%® 5585%¢ 25.48%f
8" 300 Foliar application 6.139 18.70° 31.00™ 1390*° 5712 24.38
(5]
. Mix with soil 7.23%9 19.23° 27.33c-e 1513%® 5474%¢ 27.73%°
S g By irrigation water 12.27% 11.87% 26.00% 1490 61017 24.41
5 5 150 Foliar application 8.96%" 12.03% 28.00°° 1200%¢ 3969° 30.29™
wn =)
= c
=k Mix with soil 13.67° 10.18™ 28.67°° 1557% 6134° 25.39°"
S22 By irrigation water 10.77"¢ 14.00° 26.67°¢ 1587° 5243* 30.29™
2w 300 Foliar application 6.309 17.93% 33.33% 1493® 5540%° 26.96%"

(O, 55318) 35,5 5l sne slacglis O e (g by (sl peSilis

Means with common letters are not significantly different (Duncan 5%).
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