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Table 2- Soil physical and chemical characteristics of experimental location
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122 79 0.795 2256 46.72 30.72 047 26 1749 5.49 0.95
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Table 4- Mean compare of studied characteristics of safflower interact yearxirrigation

KW=} . A gy Comnd S g Sy " = . .
Jlo b ’ f e 09 M) 9; )j b ’w WPodyE gy 5,Sos
>0 WIS 9 Seed kernel ails N b Capitol Seed Seed yield
Year Irrigation  geed coat Coat Leaf diameter width 3
(%) (kg.ha™)
(%) /kernel number (mm) (mm)
S, 47.24% 52.8° 0.898° 100.26° 40.8° 4.76° 4494°
Y, S, 53.09% 46.91° 1.136° 69.85° 33.86¢ 3.28¢ 3792°
Ss 50.34° 49.7° 1.016° 84.52° 37.46° 3.76° 3920°
S 45.77° 5423 0.845¢ 103.26° 4403 5.01° 5099?
Y, S, 45.67° 54.33% 0.842¢ 103.63° 4413 5.08° 5039?
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LSDq.05) 0.97 0.96 0.038 6.26 1.64 0.211 494.19

55,5088 b (6yls e M duoyd gy Jlein prdaw 13 LSD g0l Lwolol p cdids S e By 5 (chyld 457 gt yb dlael s

* The numbers in each column with similar letters, don’t have significant difference in 5% level based on LSD test.
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Y, and Y. 2014 and 2015, respectively.
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S1, S; and Sa: Full irrigation, without irrigation in flowering stage, without irrigation in seed filling stage, respectively.
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g Sl g 2 (cere LB L g SLBled)S )3 (g9, 09
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aalgs i o3 G sl b ool 5 Sbise JUisl Lo
9 So35 5l 055 03,5 dg) Job JlEl )3 59y iz ed S
b i gilwiiles | ol dlge 5 LS @lying S0 il58l
Sy g0 Ale5 o Jolse oyl acgeee (Marschner, 1995)
Cuud g diuwgy ialS il jro iulsl dles 5l 550 (S Jolos
3ot Gl & i (g5 Sl (Sl Jslom 3,5 S 4y Aty
43,5 (Fathi, 2011) 415, 5L80 4lals ) 4l

Ggs plinyl
cod g glis)) a8 3l Lt beols (8 ye iyl 4 gl
I8 Lagl Jlise @il 5 (tslosl slaless ) S g b
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ol yyl35 (Mohammadi, 2016; Amiri et al., 2015) 5> Karimzadeh et . b o yialS ol wd) Coyu bl jing S
JLs 3 bl elayles o s iz M3 3935 pas s el ialisl 5l Wl e ol a5 5 g S oy, &5 (@l 2004)
3532 4) Loloss ol Jlesl loj 55 olsld gla 3L Liolejl pgd (Taiz & Ziger, 2002) aib o b oS lawgs sl Wgs

() Jods) il oo (ol ohXiags buwg S5 5 Ol Cudgaze I 1 Sy slas ials

695 o3 Xl L jlod ISy )3 ) adlllas 3)90 Slhio (ule Ao liie -0 Joi
Table 5- Mean compatre of studied characteristics of safflower in interact yearxboronxzinc

5 Zn &> dvgy o )d EH L ET W o Ay dlwgy Comnd 413 > ,Sdos
Seed coat (%) Seed kernel (%0) Coat /kernel Seed yield (kg.ha™)
zn, 54.48% 45.75% 1.196° 3521.99
B, Zn, 52.3° 47.7 1.102° 3471.7°
Zng 49.1°¢ 50.89%" 0.969%f 4484.8%°
zZn, 50.36° 49.641 1.02° 3486.2°
Y, B, Zn, 48.5°f 51.49" 0.946%¢ 4822.3>1
Zng 50.08° 49.92' 1.009% 3685.9%
zZn, 49.8% 50.2" 0.998°¢ 3917.7¢¢
Bs Zn, 47.97%9 52.03%" 0.927°" 4991.7
Zng 49.39%¢ 50.61%" 0.98° 4235.14f
zZn, 47.74%" 52.26%¢ 0.914" 3940.6%¢
B, Zn, 46.46% 53.540¢ 0.868™ 3870.9%
Zn, 44,82 55.18% 0.812k 5979.7%
zZn, 4674 533 0.877% 4270%
Y, B, Zn, 44,04 55.96° 0.788* 6069.2°
Zn, 46.23%1 53.77>¢ 0.86"* 4757.1%¢
zZn, 45.94M] 54.06%¢ 0.85* 4999.5
Bs Zn, 44,01 55.99°% 0.787* 6027.7°
Zn, 45,72 54.28%¢ 0.843+ 5140.8°
LSDyo.05) 1.85 1.86 0.074 598.84

sobdr bloss Gl Sle Gy 15yl ;50080 b (g5 ine OS] hoy s Jlai] gedaws ;5 LSD (9051 bl pr cdisiaans S yiio o S5 (1l 48 (g 0 sl
Cawl 00l 031y isles @-C &jgu0d; ADC Jlio
* The numbers in each column with similar letters, don’t have significant difference in 5% level based on LSD test. The middle letters
are removed for instance , a-c represented the letters abc.
ZN; S el Pl Voo 5 Y0 i By g By By esainaly als oy o)lul gl g (235 Aoy )3 ()l glab s)lul gl 9 i S35 S; ¢Sy
$9y Caw plg o Veore g Veer o Cuipa iZNg 5 2N,
S1, S; and Sg: Full irrigation, without irrigation in flowering stage, without irrigation in seed filling stage, respectively. By, B, and Bs:
Zero, 350 and 700 ppm, Boric acid, respectively. Zn,, Zn, and Zns: Zero, 1000 and 2000 ppm, Zinc sulfate, respectively.

Y, and Y,: 2014 and 2015, respectively. AYAF oIV gl o cs e Y2 9 Y
952 sbjles )3 b Jhd ials (¥ Jouo) 48 osmliio (ol Golo s
2 b sdaliie o> ANV 5 0o VWY i id St a4 Cund S Jlo Lol g1as ol lis Jlw 9o slrosly Sy 4500 guls
od> Cdo (3l )3 )l skas o (g stme B pg> Sl Cho yr G979 5 oleixJle Blite Bl g 9) 05 o)l
o (Lt (g3 53 s5mr Jlite 11 (pSile sl (F Jpi2) A5 3o b i Jol Jlo 5o (Y Jgiz) 35 locsne 3o S

ads ) g jhad il 4 e 69y 9y polie (il Jolore &S YYIAP) S sless 35 ol oS 9 (mteilen ¥+/A) St 5les 5
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Ot 0 mize BB Dg g pas Jdd im0 LS |y 5 iy
oles 2 olsl ol 56 bl ped Sl > olel (slolos
mobis 3l Joloxo (3 J312) 392 (oo y52,265) W loss ol Jlos!
a1y 0L (s Yloinl (205 dloyo 13 (555 5 s (Shay
ol 5 g 00l Liulial sl drwgi g LSS ds o 0 olie slge
o Ly b b 33l ol o0 o b Sl 4 st
Zobeidi, 2015; ) 55,15 LalS 13 55 5 y5t siiofy polic
Marandi et al., 2012; ) >,%,L:sl 4 (Roshan et al., 2016
Cawl oad 5,55 (Gangardhara et al., 1990; Sepher, 1999

wlygde 9 dob
ol alyslas ol ol J 9o (slrosly LS8y 4300 gl
29l Jlo s plalx Sl Blize @Il g (55) o9 csslel (Sl
&9y 9= el el ol Sl g wls Job cdo 55208 5
Ioiine ails (o0 o 1 5905 5 ol Sl hlize S5l
(Y Jir) syt el a5 @1 g 1 Jyiz) 50
ek 3 350 peie 3k Jloe Glof] Jlu 33 0 53 85 3 ol
53 400,5 byl aldS o il Job il 4 yoie (o )lol caliso
2 ol 2505 9 Ba e 50 4l Jobo 05t )kl sl &S

A5 odnlie Bl

Pl (Blzng 9 B.1Zn, B1Zn; st_wld._:) u_wl.a)] dl.&v)l.o.u d.».lf L
BaZNy ;losi 3 b yab (5 Jgin) )5 )5 o)l 09,5 K,
5l b shad ol las i3l ko 3 VYA BiZng jles & Caws
-0 il ngby i el cos oS cal Slho o 5wl dlos
DS e e il Bab 55 aily slaw b 5 Sles sljal g S
g LoasdS 51 ool ol cul el pil) dls po j>  (Siid iS
5y gl ojlnl p oiols il il dls o 1 i £y cules
9 iy gl b 3ildas Lo ol (Mozaffari et al., 1996)
ohLSen g Jool (g 51 5 (Roshdi et al., 2005) Ko
ceel (Sis i sl o (Hajihasani Asl et al., 2009)
G (8 9 b al> e )3 (twgid dlge Ju)l g A5 ials
Gyl don > Dgd o Babo ) Al laad LialS Cge g 00l
o8l Sy po s 4y o claasdly 4 colis bl e SialS
3 losmg Coenl jlasly ad p dls yo 0 S5,5 (ol B O
G 3 s 5 LS aleg 3,Skes 5 5 3o b sl
oialS )3 Ll e (2J5) ol 5 B b g alo ol 5o (SUiS
b s Ol g raS i 3l 3L e 4l Mgi g b gub ol
Gk yhd b olbcws; Gl cuenl 3b o ab sl 5 b

$95% 09 S slowd (S 1 3 5 aalllae 3590 Glho (ko dumnliio =T Jgu>
Table 6- Mean comparisons of studied characteristics of safflower interact boronxzinc

Zn (b sh3 &l Job &l 45 ,e
apItO lameter (mm ee engt mm eed width (mm
B Capitol di (mm) Seed length (mm) Seed width (mm)
zn, 38.5"" 7.7 4.2°
B zn, 38.54" 7.81¢f 4.22°
Zns 422 8.48abc 4.67abc
zn; 38.89° 7.9%f 4.29
B, zn, 42.31° 8.63% 4.77®
Zn, 40.19% 8.07¢df 4.38%¢
zn; 40.66% 8.180cde 4.46%°
B, Zn, 42.83° 8.84° 4.89%
Zn, 41.5%® 8.37 4,53
LSDo.05) 3.1 0.475 0.522

S5 oS b (gl sime M wop> iy Jlein] aws )3 LSD (905 Lolusl  cditanns S i By o gyl oS ygis y olacl
* The numbers in each column with similar letters, don’t have significant difference in 5% level based on LSD test.

S5y Slgw plg g Yeoor gVeee

oyl :Zn3 9 an ‘an .A.S\g‘)y J.uu‘ FIqu) Yoo 9 YO oo iy 183 9 82 ‘Bl

B., B, and B5: Zero, 350 and 700 ppm, Boric acid, respectively. Zn,, Zn, and Zns: Zero, 1000 and 2000 ppm, Zinc sulfate,
respectively.
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YN 53 )d YV oA Cobgan Sp o cuns S3 9 Sy ()bl zokaw
bl zolaw o o)l gxe OS] 293 Jlos 5> ol Cowddy duoyd
M Al 5529 pie Jd (F Jodo) Al oayd il oy s
Loyl 55 Gilejl pod Jlo ) ()lel slojloss s yloine

(Y Jgi2) 292 (olo s92.068) Wsless el Jlosl gloj 1o gl

283952 Sy o)l gl 9 By (dl gl b il Jobo

Jlw 13 9 4oy OIFA 5 0o )d FIA o yd FIN i sy Jgl Jlo
B1 ds Cund 2oy ¥/FD 5 0o > £/¥A oy O/+F iy pgd
o> ot (F Jgaz) (ol Jlos Jolize 3l s 8L Sl
by (o ye ptalS ay peie (Sis S5 Gtalef] Jg) Sl 5 &S
Ot 951 e 53 (oo YVF) &l (2)e n st 03,5
P ash yoye LialS gl .05 ednlin Sy ) (e e YIYA)

39X Gl Jw (g1 jlowi (iiSod y 45 KU W5 Al Job (il dmlio - Jou>
Table 7- Mean compare of seed length of safflower interact yearxirrigationxboron

Jl Y ¥ &l Job
Year Irrigation B Seed length (mm)
B, 8.24%
S, B, 8.56™
Bs 8.8%
B, 6.819
Y, S, B, 6.87°
B 7.28"
B, 7.4
S; B, 7.65%
B 7.82¢
B, 8.53"™
S B, 8.65%
B; 8.96°
B, 8.46™
Y, Sz B, 8.74%
B; 9.009%
B, 8.54™
S; B, 8.75%
B; 8.92%
LSDyo.05) 0.358

)5, F00S5 b gyl ixe M do > iy Jlein! w13 LSD (9051 bl iz S yiio o o gyl 457 gy dlael
* The numbers in each column with similar letters, don’t have significant difference in 5% level based on LSD test.
Sz sl plig Voo 9 YO+ o i By g By« Brsaiails als jo 50 (gyll alad g (235l o 1 ()bl alad csylel alad (g e S35 S, Sy
S1, S; and Sg: Full irrigation, without irrigation in flowering stage, without irrigation in seed filling stage, respectively. By, B,
and Bj: Zero, 350 and 700 ppm, Boric acid, respectively.
WWAF 5 WY la o cus i Yo 5 Y
Y1 and Y, 2014 and 2015, respectively.
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Table 8- Correlation coefficient between seed yield and agronomy characteristics of safflower in safflower during 2013-14
and 2014-15 growing seasons

5 ,Sos KW R dwoyd Bos g, Cond Ew, Job o,

. s . S ; Syl g ks ;
4l 41> dlwgy EYH BETRY &g Leaf Capitol 4l 4l

Seed Seeed coat  Seed kernel Coat Plant number  diameter Seed  Seed
yield percentage  percentage /kernel height length  width
&by 5, Slos
Seed yield
A diwgy Loy
Seed coat -0.74" 1
percentage
&b jre Ao yd
Seed kernel 0.75™ -0.99 1
percentage
Fod g Cend g 797 0.99" -0.99% 1
Coat/Kernel
Plant heigh o "
Y 0.36 -0.36 1
S 042  -0.63" 0.64* -0.64% 0.25% 1
Leaf number
L.’:‘.Jo )Jaé dHedle st el el e e
Capitol 061 -0.81 0.82 -0.81 0.38 0.54 1
diameter
b Jsb 072"  -093" 0.93* -0.93* 0.36" 0.68% 0.83* 1
Seed length
b o2 0.65" -0.87" 0.87" -0.86"* 035" 071" 0.82° 092" 1
Seed width
foN g o fod Jloasl pdaw 5 Iy dme BMB] g )5 sxe BB dgng pae Cuiidy sk g % NS
** * and ns: are significant at p< 0.01 and p< 0.05 and not significant, respectively.
A Jlo 53 52 55 S5, Wl Jgo 13 Gl sVl & osie PICIERT
“ute Sl 4 e b plgy (S o3 gjlog Jles! e : e
9 Cute Ol Sl 4 oo gl plys S5 9 59) 09 slajles ] s 555 Sulgyae 5 (S sl S 5 4l 3,5

Silos GlLuS ) 5 00)8 oy dy50 Slaw ST 50 (gl Gixe
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iS5 Bk JkB g ) jae g 2ys (Job )Slas Hlade (5L
AdS .l odalie l)les cpl )3 jae & Al Cowd g gy Hlide
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S 4 b & Cond (235 Al o Cuwlus H5Sde Slas
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Introduction

Plants under natural and agronomic conditions are constantly exposed to different stresses. In this regard, drought stress
is the most important limiting factor to crop yields in many parts of the world and Iran, particularly, if the water stress
occurs during the flowering stage, it will affect the crop production. Drought stress disrupts the nutritional balance of
plant. Proper nutrition under stress conditions can partly help plant against various stresses. Plants growth under stress
can be improved by micro nutrients foliar application. Boron is important in the plant growth and its deficiency is one
of the major constraints to crop production. Zinc plays a key role in the various biochemical processes of plant cells. Its
deficiency will be apparent in various forms such as growth retardation, yield and concentration of the element in
different parts of a plant such as seeds. The aim of this study was to investigate the effect of boron and zinc foliar
application on yield and some agronomic and morphological traits of spring safflower (cv. Mahalli-e Esfahan) under
late-season water deficit in Ardabil province.

Materials and Methods

The field experiment was conducted at the Research Farm of the University of Mohaghegh Ardabili, Ardabil, Iran
during 2013-14 and 2014-15 growing seasons. The experimental design was a split factorial in a randomized complete
block with three replications. Three irrigation treatments (S;: full irrigation until the end of season (control), S,:
irrigation with holding from flowering and Ss: irrigation with holding from seed filling) were randomized to the main
plots and the sub-plot included factorial combination of B (B;: 0, B,: 350, Bs: 700 ppm) and Zn (Zn;: 0, Zn,: 1000, Zn3:
2000 ppm). B was added as boric acid (H3BOs) and Zn as zinc sulfate (ZnSQO,). The treatments were applied during
flowering (when 50% of the plants were at anthesis) as foliar applications. All other agricultural practices (weeds
control and irrigation), were performed when they were required and as recommended for safflower production. The
measured traits included seed coat percentage, seed kernel percentage, seed coat to kernel ratio, leaf number, capitol
diameter, seed length, seed width and seed yield. Analyses of variance and comparison of means at P<0.05 were carried
out, using SAS 9.1 software. The means were compared using LSD test.

Results and Discussion

Combined analysis of variance of the data showed that year, irrigation and year x irrigation interaction were significant
for all the traits. Also, all traits (except leaf number) were significantly affected by B, Zn and B x Zn interaction. Seed
coat percentage, seed kernel percentage and seed coat to kernel ratio were significantly affected by yearxB, year x Zn
and yearxBxZn interactions. Seed length and seed yield were significantly affected by yearxirrigationxB and
yearxBxZn interactions, respectively. During the first year, all the investigated traits influenced from deterrent impacts
of drought stress. Water deficit stress at the flowering and seed filling stages significantly decreased seed yield
compared to full irrigation (15.62% at flowering and 12.77% at seed filling). During the second year, there was no
significant difference among all the treatments due to heavy rainfall. The results showed that B and Zn foliar application
had a positive and significant effect on seed coat percentage, seed kernel percentage, seed coat to kernel ratio, capitol
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diameter, seed length, seed width and seed yield. The treatments of B3Zn, and B,Zn, had the greatest increase of

these parameters in comparison with B1Zn; (control) in both years. Boron and zinc foliar application significantly
improved most traits under water stress levels.

Conclusion

The significant positive correlation between yield and other studied traits indicated that on-time and sufficient foliar
spray of micronutrients mediated drought tolerance in safflower plants. In general, foliar application of boron and zinc
compared with control could alleviate the drought damages to safflower.
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