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Fig. 1- Temperature and cumulative quantity of precipitation during the growing seasonsfor Bardsir and Kerman
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Table 1- Theresults of soil analysisat three 0-30, 30-60 and 60-90 cm depth in two evaluated regions

S g BT st e il (ae ) pies
(et o jisd) pH (222) OM (%) Texture N (%)
EC (dS.m™) SM (%)
i 36 7.8 424 0.33 J‘L‘“ i 0.043
Kerman Silty clay
R 41 8.1 441 0.28 fl“” =) 0.039
Bardsir Silty clay
.. o) v} 3,545 ’ &
’ ZZ@ ﬁ;j) S m;;») o )
(5545 3> 0,5 o) iy o (p 5945 3 05 o) . o
P (mg.kg?) (595 (595 > Zn (mg.kg?) (5945 (0,55h5
) K (mg.kg?) S(mg.kg™) ' B (mg.kg™) Mn (mg.kg?)
i 75 190.1 6.57 0.67 0.42 10.1
Kerman
R 6.1 179.0 432 0.51 0.30 9.2
Bardsir

$ie MN g 5B gy :ZN 0,565 S uuwliy K yand P 59,05 N ( JT o3le OM glus] capglsy :SM (S iUl colan :EC
EC: Electrical conductivity, SM: Saturated moisture, OM: Organic matter; N: Nitrogen, P: Phosphorous, K: Potassium, S: Sulphur, Zn: Zink, B: Boron
and Mn: Manganese
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Table 2- Theresults of analysis of variance (M ean of Squares) for safflower yield and yield components under affected by ver micompost,

micronutrient fertilizer and their interaction
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YAV, f 58 g : 1000-seed S &l
Branches Heads number Seeds number weight Drvforage S idd
number per plant per head y 9 Y
o 1 162.56" 309.17" 258.67" 142695.06™ 3.19”7 463.90"
Place (P)
ol » Sl 4 343 69.28 65.11 30048.29 0.06 33.81
Blockxplace
“‘“9“5 )9 1 21.01™ 473.06" 564.06" 104706.17" 435" 141.49”
Vermicompost (C)
_“9’““" ”5 . 11 487" 152.28" 187.61" 191107.46" 0.86" 39.81°
Micronutrient (F)
CxF 11 5.95™ 3.43™ 5.96™ 994.69" 0.16™ 43.09°
PxC 1 434 10.56™ 19.51™ 3296.67" 1.90” 16.91™
PxF 11 241%™ 10.08™ 3.48™ 1820.49" 0.02" 10.81™
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Error s 92 8.42 36.57 53.36 14461.02 0.09 8.29
(4) Sresss 28.79 18.73 13.80 9.51 17.80 10.52
CV (%)
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ns: non significant, * and **: significant at 5% and 1% probability levels, respectively.
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Table 3- effect of place and ver micompost on yield and yield components of safflower
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oo
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Bardsir
CowgroS (059
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u
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*Means with similar letter for each main effect in each column were not significantly differed based on LSD at 1% probability level.
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Fig. 2- Effect of different micronutrient combinations on heads number in safflower plants
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0: No micronutrient, B: 2 ml.L™ Boron, Zn: ml.L " zinc, S;; 100 kg.ha sulphur, S,: 200 kg.ha™ sulphur. The column with similar
letter were not significantly differed based on LSD at 1% probability level.
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Fig. 3- Effect of different micronutrient combinations on seeds number in head of safflower
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0: No micronutrient, B: 2 ml.L™* Boron, Zn: ml.L ™ zinc, S;: 100 kg.ha* sulphur, S,: 200 kg.ha® sulphur. The column with similar
letter were not significantly differed based on LSD at 1% probability level.



IWAF Lol ¥ oyl A ado (65,9LisS wlisd pg9 4y y25 o\Y

30 a a
= ab ab
= be
8 25
=
HJ
2 20
=
®
2
A

10

Q 2 A A 2
L ¢ P

Q_\

a a a
ab ab | ‘ ab ‘
A 2
AP AP g B 4R 4P
o ) e N bl

s - A
\\. - X
e A

Micronutrient combination

SS 5 il 13 (359 2 B pannS 355 gl (5 S 5 i € U
Fig. 4- Effect of different micronutrient combinations on 1000-seed weight in safflower plants
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0: No micronutrient, B: 2 ml.L™ Boron, Zn: ml.L " zinc, S;; 100 kg.ha sulphur, S,: 200 kg.ha™ sulphur. The column with similar
letter were not significantly differed based on LSD at 1% probability level.

45 gygbbdy (i odnliin By iaon S (sladsS L?'S)" sbyles
Cwddy B paneS 395 3,8 oy Hla 0 Kl adgle oy yiaS
{F Jgiz) 292 gm0 et 4y ydyy g Glo)S 50 Kigy ) el
VIVe) S50 9 2 olyep 43,555 LS )3 p)SekS’ Ver ) Lo
olya 13,555 ,USa )3 p)SokS” Ver los (oo )3 £ 5hS
VIAR) (95 5 72 s 5 (amiporie 3 25515 Y18) 9y 5 1
(0 JSd) ang Sid dbsle e Gl (@pe e 3 p)55kS
3908 Lasly 5 )3 45 w3l jl, (Movahhedy, 2009) (s g
dgi g 0y Linlisl ecel Lol ol Jsbre «dpaonS yolic
03 Lol (Sl as | a8 )1 g (59 0,555 BpansS polie
Ravi et ., 2008; ) 5,555 csio 13l g Ay S50 Cavgo
Sarker et al., 2002; Galavi et dl., ) ; (Galavi et a., 2012
Ot oliylefl > (Singh & Mannj, 2007) s, 5 (2012
Caolodbosly lis
Ty Sen i mdyy g (la)S (1S 93 8 53 ¢ IS ko
St gl iy iy S Catto ByanS 355 g CangeeS
A LS )3 CugaeS ayg (5 i &S el Cowday asl b 4
Jiz) el Cunsty 2 9 g5y 058 polis sz oS olyen

2 CwgreS (oayg (5 i 3l (ke y5b 4 cnlple
2y Dg olyad SLis ddgle sao VYV Ll L LS
a5 Slge ilod 4 At Jleb Sy5)sm Slgo (gol> IbusggeS
Stalidl eel «Ss 4 sl 53,8 Lol g 03,8 Jas A, 0428
slp 5l 090 lgn (83,5 Gl g 0ad SB )3 39290 (glao i
Arancon et al., ) 5l JLos a1y o8 )lg S0 ¢ lalS i)
UG 5| 55 WaCusggeS soyg 355 -(2004; Cavender et al., 2003
SR byl 5 cuslie (IS0 cugrd YL cud)b olj gy
Pirasteh-Anosheh et al., 2010; ) siws H3,9 5 oYL
Lo 55 n SLs il 4 dng b JiJ (Pirdashti et al., 2010
2 e 3l 238 W SE 4505 53 (gped JSike 3529 5 (V Jg2)
23,5 o ddgle g5 sl S ol plgs ol jal 4y jonie S
o ghaw Jla 5b (AZimzadeh, 2015) oslj gulae aslllas 5
SO, 3y Slas 5 4y o S8 )3 CawgeoS 00yg (5 V) 9 VoY
Cdn a4 bgype 1 (p ey 45 43,5 pastie g 4D ()
Taleshi et al., ) o)Sen o il 35 ESh ) CusggeS 2039 (5
=5 5% i o jlag L 4l Ly js (2012
LS 53 o5 b e Sl 1) SIS g iy «CumgraS (009
539] Cowdey

Obae 5 (0 JS) Sss adgle sy oo (o) gxe glis



BVY (K5 0 ,5ee I3 90 ,5hos

Sgbso Joid oS sl o ptod BB JS 4 392 90 mulS
9 c,_w%‘,!w” .)):.)l_g sdl)JLu z(Atlyeh et al., 2002)

5 Byaoy jolie (ol s 3 5 55y 0555 polie il Jsle
S0 395 il 1) olS g5 g 00l S5 0lS 8 puaereS

.))L.»uo

2500

15le Bynan S yolie plg 38 55 oy slagimgly > (¥
(Banks, 2007) , 5 cs9, {Sarker et ., 2002) 1} ¢ 3,555
Eio 18l g LD ow)yy (SiNgh & Mannj, 2007) (59, 5 5,555
09 9 ) 50d (s ol 0ad o3y i o] ey
iy G (159 k0 Wl olS Bpuaeyy (6)90 polis CungeeS

2000

ab
¢ [
1500
d
1000
500
0 =
@ @ 4% 4P
&

Dry forage (kg.ha'')

a
c c | c
A AD )
-'\‘Q‘ \_\) ,“r’\’\ <

C —
&

a
be be ‘
R 4% 4P
n A MY ,“J»

& . o 2
oy &

Micronutrient combination

S5 Suis adgls p U puaneS 395 Wiglitie (sl cuS )5 il 0 JSWS
Fig. 5- Effect of different micronutrient combinations on dry forage of safflower plants
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0: No micronutrient, B: 2 ml.L™ Boron, Zn: ml.L " zinc, S;; 100 kg.ha™ sulphur, S,: 200 kg.ha™ sulphur. The column with similar
letter were not significantly differed based on LSD at 1% probability level.

OlosS g yamd 1 3 S5 (USB )3 0,5 5kS) Suid agle 5 b puannS 355 S i 5 CunwguoS 059 Tobuw il £ Jga>
Table 4- Effect of vermicompost and micronutrient combination on dry forage (kg.ha) of safflower in Bardsir and Kerman

Spon 355 o’ e
Kerman Bardsir
Micronutrient SR 45 o Comwrgn0S (039 (194 SR 45 o Cowrgr05 (039 (194
6t.hat No use 6t.hat No use
0 +15.3 1833 +14.4 620 +16.4 1270 +7.8 737
B +27.2 2087 +17.4 1293 +5.9 1487 +21.2 1267
Zn +11.1 1923 +12.7 1477 +13.4 1540 +11.4 1377
B+Zn +16.3 2227 +28.0 2053 +13.7 1633 +21.6 1667
S +40.0 2027 +49.2 1.393 +14.6 1457 +18.2 1350
S,+B +31.2 2100 +22.2 1440 +23.9 1530 +17.7 1450
S+Zn +12.5 2047 +18.8 1490 +25.9 1543 +18.3 1233
S,+B+Zn +29.7 2340 +39.3 2143 +16.2 1863 +9.2 2017
S, +17.1 2083 +40.6 1297 +37.1 1517 +9.6 1333
S,+B +15.1 2050 +21.2 1527 +33.1 1640 +13.6 1500
S,+Zn +57.9 2170 +59.2 1503 +12.5 1620 +14.7 1640
S,+B+Zn +14.0 2417 +56.3 2137 +23.2 1873 +19.8 1990

5185 )l ine 5l (SE) 3 bl glas ol 3 ey ligran aols b claySile

The means with similar overlap range were not significantly differed based on standard error (+SE).
3,555 LS 1 p)S5lS Voo Bpae iSp 53,555 JlSe )3 S9SN v Brae Sy sy yid 3 ke ¥ Bae ZN o 2 3 e ¥ Bpae B oS 500
0: No micronutrient, B: 2 ml.L™* Boron, Zn: ml.L™ zinc, S;: 100 kg.ha* sulphur, S,: 200 kg.ha'* sulphur.
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Fig. 6- Effect of different micronutrient combinationson seed yield of safflower plants
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0: No micronutrient, B: 2 ml.L™ Boron, Zn: ml.L " zinc, S;; 100 kg.ha sulphur, S,: 200 kg.ha™ sulphur. The column with similar
letter were not significantly differed based on LSD at 1% probability level.
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Table 5- Effect of vermicompost and micronutrient combination on seed yield (kg.ha) of safflower in Bardsir and

Kerman

S prngS 355 olos? e

Kerman Bardsir
Micronutrient S8 3 (9 CowgeoS (50,9 (19 S ;5 (9 CowgeoS (509 (19

6t.ha’ No use 6t.ha’ No use

0 1015.0 +42.1 1004.3 +85.8 906.7 +10.9 871.0 +27.7
B 1252.0 +38.0 1215.0 +43.0 1211.7 +14.0 1193.3 +25.7
Zn 1335.0 +40.6 1323.3 +39.7 1297.0 +52.6 1203.3 +42.0
B+Zn 1406.7 +32.5 1356.0 +51.0 1340.7 +55.8 1273.3 +39.1
S 1195.0 +45.8 1153.7 +43.7 1130.7 +21.1 1070.3 +37.2
S,+B 1323.3 +46.6 1305.0 +33.0 1280.7 +48.0 1217.0 +16.0
S;+Zn 1370.0 +40.6 1288.3 +41.8 1321.7 +26.8 1246.7 +31.4
S;+B+Zn 1463.3 +36.7 1397.3 +49.6 1406.0 +21.9 1316.7 +33.8
S, 1290.0 +44.4 1212.0 +35.2 1237.7 +43.5 1170.3 +13.7
S,+B 1340.0 +23.2 1298.3 +37.9 1282.3 +17.9 1239.0 +32.1
S,+Zn 1326.7 +25.7 1293.3 +42.0 1330.7 +42.4 1231.3 +28.9
S,+B+Zn 1495.0 +37.6 1433.0 +51.5 1425.3 +35.7 1376.7 +22.3

505l dme glas (ESE) 5l glas bl p s Sligron diobd b (slo (1, SSlo

The means with similar overlap range were not significantly differed based on standard error (+SE).
NS )3 pSolS Vv Brae Sy 53,555 1S 3 £ SPS Ve e Bpan Sy sy i 3 ke ¥ Bpae ZN ) ) 0 e ¥ Bpan B oS (9000
555
0: No micronutrient, B: 2 ml.L™* Boron, Zn: ml.L™ zinc, S;: 100 kg.ha® sulphur, S,: 200 kg.ha* sulphur.
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Table 6- Correlation of yield componentswith dry forage and seed yield of safflower

a3l dlass 33 (b daws JEEHERIKEY
Gyt 3 o550 Sy &b IR s g
Branches Heads Grain 1000-seed o forage
number per number per number per weight
plant plant head
S ke 0.518™ 0.775" 0.889" 0.378™ 1.000
Dry forage
b 3 Sae 0.516™ 0.877" 0.897" 0.674° 0.768'
Seed yield

o) K g iy Jlein] zalaw )3 cud 5 A I dxe g % > xe e NS
ns: non-significant, * and **: significant at 5% and 1% probability levels, respectively.
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I ntroduction

Despite the importance of oily crops in development of Iran, there are few studies on nutrition with
micronutrient in these crops, especially for safflower. Safflower, a deep rooted oilseed crop, is grown in many
areas of world because it can be used as oil crop, vegetable, birdfeed and spices. To achieve the acceptable
growth and yield of safflower, it needs the sufficient micro- and macronutrient, so that recently, there has been
an increased interest in evaluation of nutrient role in quality and quantity of safflower. Application of
vermicompost in oil crop production systems of Iran has been increased; which it can improve soil structure by
increasing aggregate stability as well as increase in water holding capacity and aeration. On the other hand,
micronutrients are nutrients required by plants in small quantities to organize a range of physiological functions.
The deficiency micronutrients is widespread in many parts of the country due to cultivation of high yielding
varieties, intensive agriculture and increasing use of sulphur free fertilizers in large quantities with concomitant
decrease in use of organic manures. There is little information on interaction of vermicompost and
micronutrients combination on safflower. thus, this study was conducted to evaluate the effect of combinations
of three important micronutrient consisted of sulphur, zinc and boron on yield and yield components as well as
dry forage production of safflower in different vermicompost treatments.

Material and Methods

In this research, the effect of micronutrient application and vermicompost was examined on yield and yield
components of safflower in Agriculture and Natural Resources Research Center of Kerman Province in two
Kerman and Bardsir regions. The treatments were included vermicompost factor at two levels (0 and 6 t ha') and
micronutrients combinations at 12 levels (no use, 100 kg ha* S, 200 kg ha* S, 3 ml L™ zn, 2 ml L™ B, four
twofold and two triplet combinations of the 3 micronutrients). A factorial experiment based on randomized block
design (RCBD) was used. Vermicompost and S were used before planting as soil apply, while Zn and B were
applied as foliar application. Dry forage at the flowering early and branch number per plant, head number per
plant, grain number per head, weight of 1000 grains and grain yield at final ripening were determined. Analysis
of variance, means comparisons (LSD at 5% probability level) and correlation coefficient were done in SAS
software.

Results and Discussion

The results showed that application of vermicompost and micronutrient had positive and significant effect on
head number per plant, grain number per head, weight of 1000 grains, dry forage and grain yield in both places.
These could be attributed to improved soil porosity, water holding capacity and aeration caused by
vermicompost. Vermicompost are also known as sources of plant nutrients and can improve soil
physicochemical characteristics. Growth and yield of safflower plants in Kerman was significantly more than
those in Bardsir, which was probably due to better conditions of soil in Kerman. Kerman had greater amount of
nitrogen, potassium and phosphorous as well as higher level of soil organic matter. On average, vermicompost
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application a 6 t ha' was associated with 347 and 54 kg.ha' increasing in dry forage and grain yield,
respectively. In the other hand, the highest dry forage and grain yield were obtained from plants treated with 200
kg ha' S, Zn and B as 2104 and 1433 and 1433 kg ha®, respectively. Stimulated photosynthetic activity and
synthesis of chloroplast and protein in result of micronutrient application might be reason of greater yield in
these treatments. The grain number had the highest correlation with forage production and yield.

Conclusion

In general, the result of this study revealed that in both places, vermicompost and micronutrient application
had positive interaction, so that the greatest forage and grain production were observed in vermicompost
application with triple combination of S, Zn and B.
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