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Table 1- Metrological data in Arak city in cropping year 2016-2017

solo Year Slalo I""M’ :‘-'sba = ": 22 ol 5k
Jlo months Monthly evaporation (mm) Re atlv?%;Jml ity Mean o al(ro ct:e)mperature Pre?:]pan;cqa;tlon
A0 Al March 0 53.45 6.2 355
A% (pdjyspd April 136.7 55.15 8.65 40.8
A gyl May 193.6 48.7 18.45 58.9
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Table 2- Physical and chemical soil properties of the experimental site
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depth EC TotalN _ OC
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0-30 0.87 7.7 180 8 27 65 151 0.12 1.2 49 28 23
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Table 3- Analysis of variance of measured raits in safflower under application of bischar, seed priming and foliar application
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Table 4- Mean comparisons of main effects the measured traits in safflower under application of biochar, seed priming and
foliar application
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per plant head plant (g) @ (kg ha™) (%)
Biochar >,
Bl 78.79% 77.35a 10.83a 14.95ab 5.07b 2.96a 1116.54b 24.44a
B2 77.38a 78.67a 12.00a 15.50a 6.20a 3.09a 1365.97a 25.23a
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P1 64.71b 78.05a 11.02a 14.23b 5.45a 2.99a 1136.25a 24.57a
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S1 - 78.08a 11.16a 15.20a 5.29a 3.00a 1160.94a 25.29a
S2 - 77.64a 10.63a 14.43b 5.18a 3.12a 1138.22a 24.14b
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P1 (without priming): Kuesly ;s

P2 (priming with distillate water) jlkio oI b Kool
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Means followed by at least one similar letter in each column and each factor, are non- significantly different (P = 0.05) according to
Duncan’s multiple range test.
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Table 5- Mean comparisons of two-way interaction factors the measured traits in safflower under application of biochar, seed
priming and foliar application
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Experimental Seedling Plant Sy EEpY Weigr_]t 100 Grain oil
treatment emet;genc height Number  Numberof . of grain Kernel y|eld_l percentage
e (%) (cm) fertile ; per weight (kg ha™) (%)
of head head per of grain plant g9
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Biocharx Priming
B1P1 73.46 dc 79.88ab 11.65b 10.90cde 16.61b 5.69b 2.87c 1231.85b 24.43ab
B1P2 54.66e 75.93bc 13.28a 12.18ab 14.42¢c 5.27bc  3.04abc  1174.78b 25.42a
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B3P2 91.33ab 74.05¢ 11.08b 9.56f 11.76d 3.54d 3.37a 788.50c 24.31ab
B3P3 94.66a 80.45ab 10.66b 9.78f 16.07b 47lcd 3.18abc  1183.81b 24.54ab

Biochar x Spray
B1S1 - 78.67a 12.71ab 11.68a 16.23ab 5.86ab 291b  1278.00ab 25.20a
B1S2 - 76.02a 10.86¢ 9.98b 13.67de 4.28c 3.02ab  955.08 dc 23.68b
B2S1 - 78.90a 13.27a 11.92a 16.43a 6.28a 3.13ab 1372.66a 25.21a
B2S2 - 78.45a 14.04a 12.07a 14.57dc 6.11a 3.05ab 359.28a 25.26a
B3S1 - 76.68a 11.13bc 9.90b 12.93e 3.74c 2.97ab 832.17d 25.45a
B3S2 - 78.45a 10.83c 9.84b 15.06bc 5.13b 3.28a  1100.31bc 23.49b

Priming x Spray
P1S1 - 78.76a 12.23b 11.07b 14.51b 5.10bc 2.96b  1112.69bc 24.92ab
P1S2 - 77.34a 14.10a 12.50a 13.96b 5.81ab 3.02b  1159.82ab 24.22bc
P2S1 - 77.52a 10.58cd 9.58¢ 15.94a 6.03a 3.01b 1321.85a 25.67a
P2S2 - 75.95a 10.43d 9.31c 12.20c 3.71b 3.36a 827.47d 24.10c
P3S1 - 79.16a 12.44b 10.98b 14.94a 431dc  3.05ab  954.22dc 25.54a
P3S2 - 77.92a 11.90bcd 10.97b 16.10a 5.69ab  3.07ab 1356.66a 23.31d

B1 (without biochar) b s byae pas P1 (without priming): Kuesly ;e

B2 (application of 5 t/ha biochar) )l g ,tSa 3 5 0 Gpas P2 (priming with distillate water) jkis of L Siuely

B3 (application of 10 t/ha biochar) 4. ,tSa )3 o5 Ve Bpas P3 (priming with salicylic acid) sl Sl b Kiely

S1 (spray with water) Joexe ol b (5L Jglxe S2 (spray with salicylic acid) sl Sdudls b ol Jgloe

)5 gyl sine Mt yd gty Jlosn] g 53 Sl (glatals diz 903l ol e Jole a el g gty p3 wlie B K Jilis b (gla Sl
Means followed by at least one the same letter in each column and each factor, are non- significantly different (P = 0.05) according to
Duncan’s multiple range test.
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Table 6- Mean comparisons of three-way interaction factors the measured traits in safflower under application of biochar, seed priming
and foliar application

Gbslax bl o )
> 5954 Pablaxs A i e Gl il s far s
L 5 &g gl 2 T b & &l os o) m2)
bl gl ylow Blant Gy A9 g ~9 Grain oil
Experimental treatment lan : Number of ~ Number of  Weight of 100 yield percentage
height(cm) ~ Number fertile grainper  grainper  Kernel (kg ha™)) (%)
of head head per head plant (g)  weight(g)
per plant plant
Biochar x Priming x Spray
B1P1S1 81.10a 16.21a-d 11.65bcd 17.80bc 6.35bc 2.74c 1346.1bcd 24.04 e-h
B1P1S2 78.66ab 12.95def 10.15d-f 15.42def 5.02cde 3.00bc 1117.6cde 24.82d-g
B1P2S1 76.80ab 17.14abc 13.23 ab 16.32cde 6.39bc 2.98bc 1420.4 bc 26.30 ab
B1P2S2 75.06ab 12.64ef 11.13 b-e 12.53g-i 4.16 efg 3.11abc 929.2 ef 24.55 d-g
B1P3S1 78.13ab 12.51ef 10.16 c-f 14.58efg 4.85c-f 3.02bc 1067.6¢c-f 25.16a-f
B1P3S2 74.33ab 9.61f 8.66 ef 13.05 f-i 3.68efg 2.94bc 818.4 ef 21.69i
B2P1S1 77.33ab 14.18cde 11.30 bed 11.80i 4.96cde 3.40ab 1102.4c-f 25.57a-d
B2P1S2 74.80ab 17.86ab 12.50 bc 12.07 hi 6.29bc 3.13abc 1398.7bcd 23.89g-f
B2P2S1 80.93a 18.82a 15.33a 2047 a 9.22a 2.92bc 1976.1a 24.93b-g
B2P2S2 81.10a 12.37ef 10.36¢-f 15.32def 4.68d-g 3.04abc 1039.6efd 26.50a
B2P3S1 78.43ab 11.67ef 9.13 def 17.03bcd 4.67d-g 3.08abc 1039.5 def 25.13a-f
B2P3S2 79.46a 18.21ab 13.36 ab 16.32cde 737 b 2.98bc 1639.6 b 25.40a-e
B3P1S1 77.86ab 12.32ef 9.96d-f 13.93e-i 4.00 efg 2.74c 889.6 ef 25.16a-f
B3P1S2 78.56ab 12.40ef 10.56 c-f 14.38e-h 6.11bcd 2.94bc 963.2 ef 23.96e-h
B3P2S1 71.26b 13.82cde 11.10b-e 11.66i 3.82 efg 3.11abc 851.3 ef 24.97 b-g
B3P2S2 76.83ab 10.20f 8.03f 11.86i 326 ¢ 3.62a 725.8f 23.66 gh
B3P3S1 80.93a 9.73f 8.63ef 13.22 f-i 3.401fg 3.06abc 755.6¢ef 26.24 abc
B3P3S2 79.96a 14.95b-e 10.93b-e 18.93 ab 6.03bcd 3.29abc 1612.0b 22.85 hi

B1 (without biochar) ) s. b yae pas
B2 (application of 5 t/ha biochar) i s kS )3 5 0 Bpas

B3 (application of 10 t/ha biochar) > ,tSa 3 5 Ve Bpas

S1 (spray with water) Jsese ol b 5b Jglxe

P1 (without priming): el ;s
P2 (priming with distillate water) jlkio o1 b Kol

P3 (priming with salicylic acid) sl Sduwllo b Kol
S2 (spray with salicylic acid) sl Sl b 5 Jglxe

55 oyl e BB doyd gy Jlein ] prdaw p3 4SSl (claials win yg05T ol Jole ya (sl g g > lie By O JBls b (la ke

Means followed by at least one the same letter in each column and each factor, are non- significantly different (P = 0.05) according to Duncan’s

multiple range test.

(0 Joz) cudlss b ne Gl gl Seboudlo b (8L Jole
Sl Soladlos Jitol g Sl Sdalis 48" 03905 5155 e
g 8y Sk jl g wb (Sas i5 plp o g g (SS8aesS
Senaratna et al., ) sl> Lal58l laylyd s 0 1) 4lalS 5 Sles
by po Silgi o Siaslpgyiad 5 oL > Sles ]38l cle (2000
oxlazwl 4 (Ashraf and Foolad, 2005) lals ya ) yéel 4
AL Gaedyg 35l g ST 29290 Cush) (alie Slge 5l s
Sissly Sl 3 & canl ond 4135 (Subedi and Ma, 2005)
ol ol laplil 4 piwsd il Jols slge Jlanl sg5s 4o
GialS Sy & il el sl sl il el e
b cpl Jh g wsbee Lo s Jliml Job o 58k gy
By e sl 4 calpl 298 eyt il 3 )8 Jlasl
Gl oSl e JBl L & st J olsSs

.(Kaur et al., 2005) 395 o walys Ll )3 ¢yt slaKoss

LT LRRY
Osen 9 (Bl Jsle 9 Jlgn blite Sl g Jlgn odlw I
S Jlenl g 53 g > &l g p b gle 5 Sismln
P Eg & Gjg p Saely g )brgn A6 Jlite Sl g a0y
dwlie li (Y Jodo) Wb Jbme dopd @y Jis aw
oS ol ol (0 Jouo) Stmaln )3 Jlrsw Jlie S Gbb(:Sle
bokie O b Sialy b ply Jlagn JiSe )3 (5 0 B |
Loy YN 5 YYIE cwopa dg j0 a5y el Sdadlo
850l i (Bb Jgke g slogn Jlite Sl @bs c8b il
Oren Se 0 Bpas g sleen Bpae pie sl
L Jy ety g 5wl 0jg p s 50 Ol b 8L Jole
Sl Selpuddlio b (8bglne Jloge JlSe )3 (5 Ve Spas
Shdgbre § Simalyy Jlite S (5:50ke auolio gls 92 5390
Loolpen ol b Siasly 5l G590 )3 4> 159 oy a5 ol ol
g Siealp gt lojles b & 0 ol O b ol gl
5 Sl Sl b Sl 5 ol Sl b 8L oo



WAA Ll ¥ o lods AV o oyl ol o3 Sledidois 45 ¥V Y

il el sl Sibadle Sl alS 1) LSy 3 Jsbe
2550 (3 53 A5 (g 92 5 el 5 Sl Sl (Sgime
arwy & Nl e op g dwel Sl & cwl sas S5

.(Bandurska and Stroinski, 2005)

G5y sy

Slg il ale y3l as” oly lis Wosly usbjly 430 ol
e 51 5 ool Joloee > Sizaly, sl Joone > s e
Bz doyy S Jlis] maw o €95 Aoy g byl alaw
s 5y olime o b (bl olone o3 Gl gl (¥ pie) 33
by il asyd PV sl Slewdlo b (8l Joloee 4 s
ple aw 3 &S ol Ll byl ale Sl wls (¥ Jais)
b Sl gbre Glrss S ) 5 Ve Bpas g )lrge Bpas
2bs Cppomen 2 il ) 429 Aoy dpnl Sliudlo & o
O Cans Ol b 8l gl « Kiasly gdaw > o ol
M ey Moy Gl el ] Sdadle b sb Jelxe
oS ol Gl ialesl Jelge ailBaw blite I mls (0 Joio)
Olgn JUSe > (5 0 Bpas jlad Jl cudSa (g dopd oyl
pae o 5 el Sibuallo b 3l sbre 5 o b Sty
15 Jols b il e 5 o b Stsly olagn s
{# Jg)

S5 4o

S Ol bl sl b pli )y Siaaly &8 2 oLt ol
g @b o &b ol polde oy ol Llial ]y ag > e, b
b Siorlyy b plys Jlrgn JUSe 53 (5 gy Bpae jl aly 3)Slee
Siarlyy 45 0l Lt e ) LIS gl caleliy o5 Juols
5 om0 15 0 Bpas b plg dusl Sibals b ST L 54
Sy el 15y 0193 Jgb > e 53 (b o b il ol
A b o Slas 5 g5 lio

References

dala g Slac
Sl o ool Bl ool L Wealy Luibjyly ajon golo
Sy Jeis] paw 3 als 5,8ks  iglef] Jolgs a6 lize
oy Sl jlass (ko dunlie gouls (Y Jada) b Hlo jme doyd
5 ke O b Sialy oo Jlrgn S )5 (50 Bpas by &S
A o duo)d MY 9 VY/F (o ey aily 5 Sas dl Sl
plgi g LS ) 05 D by &)l el ilél (BIPL) aals
Joisine ST 20l e b dped Sibpundle b 00 Jgbra L
o 5 (il Joomo 5 leser Jlite 5l gl (0 Jgas) ok ol
b shaiie Ol b (o3l Jobxe olyen Jlagn JliSe )3 (50 Gpas b &S
ol il3el (B1ST) salis a4 caws il 3 Sas sl Sl
Nrgm B8 )3 (5 Ve Braa b & o 53 395 o dae (g o>
L Ll bl anls Jaine b 4 5,80as T b (il Jsb 5
Sl b 8l Jolons b pls5 gy i 3 5 1+ e
Dgo b gme Js ol el sals 4 caws aib 3 Sles Sl
L oS 3 ol abslos b pls5 Sipalyy e dunlis ol
oz g ol b (Bl Jslone olian Jlagn JUSe ) 05 0 Bpas
Sebpdlio b (8L Jsloxo olyon jlage JUS» > o5 Ve Spas
Loy YVA 5 WY Coipa sals 4 cuwd ab 5)Sles !
o559 3 @t > 1> 2,Slas I (0 Jgie) o s Ll
Jse (Steiner et al., 2007) cosl oss [i)55 )logn Byas b
S glped SB g WS ol ) Sbigel g9 5k
o il el ully S o Jar Sligal (el o laeS
G ol 31 29 e ()3g s Brae 2L Gl 5 Slogl
Oyaand Iu, ) aas o Lil38l 1y julogy g ddgle Jamme 5,Sloc
Jodlis gy sl o)kl Laylis 4> cal 00 3135 (2002
L o Jlasicir so 1 5,85 55 &l 3,8kas 5 04, lagasls
O balys > g ub ol sl Sbdlo Jgeg S YA
oot JsessSes Vo b Ll L o LS oaalf 51
Baljain and ) Log b8 0 e 3,Ses I Loy ond
15 el Sl 5,8 &S el 05 5 )5 (Shekari, 2012
slid 59y ol graS S5 ) (o3 sge Sl et ) S g2 olS

1. Abd El-Wahed, M. S. A,, Amin, A. A., and Rashad, EI-Sh. M. 2006. Physiological effect of some bioregulators on
vegetative growth, yield and chemical constituents of yellow maize plants. World Journal Agricultural Science 2

(2): 149-155.

2. Aboutalebian, M. 2005. Osmotic priming of seeds of some wheat cultivars (Triticum aestivum L.) in warm,
temperate and cold regions of Iran a means of enhancing seed vigour under unsuitable conditions. Thesis of PhD,

Tehran University.

3. Ali, K., Arif, M., Jan, M. T., Yaseen, T., Waqgasl, M., and Munsif, F. 2015. Biochar: a novel tool to enhance wheat
productivity and soil fertility on sustainable basis under wheat-maize-wheat cropping pattern. Pakistan Journal of

Botany 47 (3): 1023-1031.



Y ol Sl 9 0T b (30 Jalono 3 508 Siasl s w3l

4,

10.

11.

12.

13.

14,

15.

16.

17.

18.
19.

20.

21.

22.

23.

24.

25.

26.

217.

28.

29.

Arif, M., Ali, A., Umair, M., Munsif, F., Inamullah, K. A., Saleem, M., and Ayub, G. 2012. Effect of biochar
FYM and mineral nitrogen alone and in combination on yield and yield components of maize. Sarhad Journal of
Agricultural 28 (2):191-195.

Ashraf, M., and Foolad, M. R. 2005. Pre-sowing seed treatment — A shot-gun approach to improve germination,
plant growth and crop yield under saline and non-saline conditions. Advances in Agronomy 88: 223- 271.
Atkinson, C. J., Fitzgerald, J. D., and Hipps, N. A. 2010. Potential mechanisms for achieving agricultural benefits
from biochar application to temperate soils: a review. Plant and Soil 337: 1-18.

Baljain, R., and Shekari, F. 2012. Effects of priming by salicylic acid on yield and growth indices of safflower
(Carthamus tinctorus L.) plants under end season drought stress. Sustainable Agriculture and Production Science,
22 (1): 87-107.

Bandurska, H., and Stroinski, A. 2005. The effect of salicylic acid on barley response to water deficit. Acta
Physiologiae Plantarum 27: 379-386.

Basra, S. M. A, Pannu, I. A, and Afzal, 1. 2003. Evaluation of seedling vigour of hydro and matriprimed wheat
(Triticum aestivum L.) seeds. International Journal of Agriculture and Biology 2: 121-123.

Blackwell, P., Reithmuller, G., and Collins, M. 2009. Biochar applications to soil. In Biochar for environmental
management: sci and tech. Eds. J. Lehmann and S. Joseph. Earthscan, London; Sterling, VA. pp. 207-226.

Bray, C. M. Davison, P. A., Ashraf, M., and Taylor, R. M. 1989. Biochemical events during osmopriming of leek
seed. Annals Applied Biology 102: 185-193.

Cornelissen, G., Martinsen, V., Shitumbanuma, V., Alling, V., Breedveld, G. D., Rutherford, D. W., Sparrevik,
M., Hale, S. E., Obia, A., and Mulde, J. 2013. Biochar effect on maize yield and soil characteristics in five
conservation farming sites in Zambia. Agronomy 3: 256-274.

Dai, Z., Zhang, X., Tang, C., Muhammad, N., Wu, J., Brookes, P. C., Xu, J. 2017. Potential role of biochars in
decreasing soil acidification-a critical review. Sci. Total Environ.

Das, R. Ch., Somanagouda, G., and Singh. B. 2017. Effect of integrated nutrient management (INM) practices on
growth, yield and oil yield of safflower (Carthamus tinctorius L.). International Journal of Current Microbiology
and Applied Sciences 6 (4): 511-516.

Delavari, P. M., Baghizadeh, A., Enteshari, Sh., Kalantari, Kh. M., Yazdanpanah, A., and Mousavi, E. A. 2010.
The Effects of salicylic acid on some of biochemical and morphological characteristic of Ocimum basilicum under
salinity stress. Australian Journal of Basic and Applied Science 4 (10): 4832-4845.

El-Khallal, S. M., Hathout, T. A., Abd El Raheim, A., Ashour, A., and Kerrit A. A. 2009. Brassinolide and
salicylic acid induced growth, biochemical activities and productivity of maize plants grown under salt stress.
Research Journal Agriculture Biological Sciences 5 (4): 380-390.

Gul, S., Whalen, J. K., 2016. Biochemical cycling of nitrogen and phosphorus in biocharamended soils - review
paper. Soil Biol. Biochem 103: 1-15.

Harris, D. 2006. Development and testing of ‘on-farm’ seed priming. Advances in Agronomy 90: 129-178.

Kaur, S., Gupta, A. K., and Kaur, N. 2005. Seed priming increases crop yield possibly by modulating Enzymes of
sucrose metabolism in chickpea. Journal of Agronomy and Crop science191: 81-87.

Khan, W., Balakrishnan, P., and Smith, D. L. 2003. Photosynthetic responses of corn and soybean to foliar
application of salicylates. Journal of Plant Physiology160 (5): 485-492.

Liu, Z., Chen, X,, Jing, Y., Li, Q., Zhang, J., and Huang, Q. 2014. Effects of biochar amendment on rapeseed and
sweet potato yields and water stable aggregate in upland red soil. Catena 123: 45-51.

Larque-Saavedra, A. 1979. Stomatal closure in response to acetylsalicylic acid treatment. Zeitschriftfur.
Pflanzenphysiologie 93: 371-375.

Lehmann, J., and Joseph, S. 2009.Biochar for environmental management: an introduction. In: Lehmann, J.,
Joseph, S. (Eds.), Biochar for Environmental Management: Science and Technology. Earthscan, London, pp. 1el2.
Lu, S. G., Sun, F. F., Zong, Y. T., 2014. Effect of rice husk biochar and coal fly ash on some physical properties of
expansive clayey soil (Vertisol). Catena 114: 37-44.

Mansouri, B., and Aboutalebian, M. A. 2013. Effect of on-farm seed priming and supplementary irrigation on
emergence rate, yield and yield components of two chickpea (Cicer arietinum L.) cultivars. Journal of Plant
Production 20 (2).

MiarSadegi, S., Shekari, F., Fotovet, R., and Zangani, E. 2010. The Effect of priming by salicylic acid on vigor
and seedling growth of canola (Brassica napus) under water deficit condition. Journal of Plant Biology 2 (6): 55-
70.

Omidi, A. H., Khazaei, H., Monneux, P., and Stoddard, F. 2012. Effect of Cultivar and water regime on yield and
yield components in safflower (Carthamus tinctorius L.). Turkish Journal of Field Crops 17 (1): 10-15.

Omondi, M. O., Xia, X., Nahayo, A., Liu, X., Korai, P. K., and Pan, G., 2016. Quantification of biochar effects on
soil hydrological properties using meta-analysis of literature data. Geoderma 274: 28-34.

Oya, A., and Lu, W. G. 2002. Deodorization performance of charcoal particles loaded with orthophosphoric acid
against ammonia and trimethylamine. Carbon 40 (9): 1391-399.



WAA ol oY 0)lesds IV Al ol o815 sleeiebafy 4y pis  ¥VF

30.

3L

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

Pirasteh Anosheh, H., Emam, Y., Ashraf, M., and Foolad, M. R. 2012. Exogenous application of salicylic acid and
chlormequat chloride alleviates negative effects of drought stress in wheat. Advanced Studies in Biology 11: 501-
520.

Patade, V. Y., Maya, K., and Zakwan, A. 2011. Seed priming mediated germination improvement and tolerance to
subsequent exposure to cold and salt stress in capsicum. Research Journal of Seed Science 4 (3): 125-136.

Rab, A., Khan, M. R,, Hag, S. U., Zahid, S., Asim, M., Afridi, M. Z., Arif, M., and Munsif, F. 2016. Impact of
biochar on mung bean yield and yield components. Pure and Applied Biology 5 (3): 632-640.

Sakhabutidnova, A. R., Fatkhutdinova, D. R., Bezrukova, M. V., and Shakirova, F. M. 2003. Salicylic acid
prevents the damage action of stress factors on wheat plants. Plant Physiology. Special Issue (5): 314-319.

Sharma, R., Kwon, E. H., and Ganeshan, K. P. 1993. Response of soybean (Glycine max L.) to seed priming with
salicylic acid. Indian Journal of Ecology 20: 27-29.

Saxena, J., Rana, G., and Pandey, M. 2013. Impact of addition of biochar along with Bacillus sp on growth and
yield of French beans. ScientiaHorticulturae 162: 351-356.

Senaratna, T., Touchell, D., Bunn, E., and Dixon, K. 2000. Acetyl salicylic acid (Aspirin) and salicylic acid induce
multiple stress tolerance in bean and tomato plants. Plant Growth Regulation 30: 157-161.

Soliman, M. H., Al-Juhani, R. S., Hashash, M. A., and Al-juhani, F. M. 2016. Effect of Seed Priming with
Salicylic Acid on Seed Germination and Seedling Growth of Broad bean (Vicia faba L.). International Journal of
Agricultural Technology 12 (6): 1125-1138.

Soltani, A., Gholipoor, M., and Zeinali, E. 2006. Seed reserve utilization and seedling growth of wheat as affected
by drought and salinity. Environmental and Experimental Botany 55: 195-200.

Steiner, C., Teixeira, W. G., Lehmann, J., Nehls, T., de Macedo, J. L. V., Blum, W. E. H., and Zech, W. 2007.
Long term effects of manure, charcoal and mineral fertilization on crop production and fertility on a highly
weathered central amazonian upland soil. Plant Soil 291: 275-290.

Subedi, K. D., and Ma, B. L. 2005. Seed priming does not improve corn yield in a humid temperate environment.
Agro. J. 97: 211-218.

Weinberg, Z. G., Landau, S. A., Chen Bar-Tal, Y., Gamburg, M., Brener, S., and Dvash, L. 2005. Ensiling
safflower (Carthamustinctorius L.) as an alternative winter forage crop. Proceedings of the 15™ International
Conference, Belfast, Northern Ireland, (ICBNI'05), Wageningen Academic Publ., Wagening, the Netherlands, pp:
169-169.



Iranian Journal of Field Crops Research Olnl o=l slebiadg sy 4 i
Vol. 17, No. 2, Summer. 2019, p. 305-316 A Fe-F15 0o AFAA Glinsl ¥ o)jlod IV al>

Effects of Biochar, Seed Priming and Foliar Application of Water and Salicylic
Acid on Yield of Rainfed Safflower

A. Sajedi®’, N. A. Sajedi?

Received: 31-07-2018

Accepted: 13-11-2018
Introduction

Safflower (Carthamus tinctorius L.) is one of the oldest seed oil crops cultivated and is known for drought

tolerance due to partially xerophytes nature, as well as deep and extensive root system making efficient use of
reserved soil moisture. Seed germination depends on environmental factors especially temperature and humidity.
Seed priming is one of the current methods for increasing the rate, percentage, germination uniformity and seed
emergence under environmental undesirable. Seed priming with plant growth regulators especially salicylic acid
improved quality and seed yield. Salicylic acid acts as anti-transpiration and inhibited from open stomata.
Salicylic acid plays an important role in plant consistency to osmotic stress, high salinity, oxidative stress, high
temperature, and freezing stress. Biochar is created by pyrolysis of natural materials. Biochar increased the soil
porosity and therefore improved water retention capacity in soil. It was reported that application of 2.5, 5, 10, 20,
30 and 40 t/ha biochar increased canola yield by 16.21, 21.15, 27.99, 24.60, 33.20 and 36.02% compared with
control, respectively.

Materials and Methods

To evaluate the effect of biochar and seed priming with salicylic acid and water along with foliar application
on yield, yield components and oil percentage of safflower in rain fed condition, an experiment was performed
as split- split plot based on randomized complete blocks design in three replications, at the Research Station of
Islamic Azad University, Arak Branch, Iran, during 2016-2017. Experiment factors were included biochar in
three levels of 0, 5 and 10 t/ha; seed priming in three levels of zero priming, priming with water distillation and
seed priming with 0.5mM salicylic acid and foliar application in two levels of foliar application with water and 1
mM salicylic acid. Seeds primed for 12 hr at distilled water and salicylic acid solutions then dried at shade.
Biochar was applied at 15 cm depth and under the seed, before sowing. Each experimental plot included 30cm
spacing rows with 15c¢m spacing between plants in rows. The safflower cultivar was ‘Esfahan native’. The seeds
were sown at 3-4 cm depth in middle of March 2016. The assay for agronomic traits, yield and yield components
was determined from 10 plants. Data were subjected to analysis of variance using SAS. The Duncan's multiple
range test at 5% the confidence level were used to compare means.

Results and Discussion

Results showed that the application of 5 and 10 t/ha biochar increased seedling emergence percentage by
23.7 and 40.4% compared to control. Increasing of seedling emergence percentage by seed priming can be due to
repair of deteriorated seed, improve DNA representation and decrease of germination base temperature.
Application of 5 t/ha biochar increased the number of heads per plant by 15.9% compared to control. Seed
priming with distilled water increased the number of heads per plant by 7% compared to control. Seed priming
with water distilled along with the foliar application by water increased number of fertile heads per plant by 13.9
percentages as compared with control. The highest number of seeds per head was recorded by the application of
5 t/ha biochar and seed priming with water distillate. Application of 10 t/ha biochar combined with foliar
application of salicylic acid, 5 t/ha biochar combined with foliar application of water and application of 10 t/ha
biochar combined with foliar application of water increased the number of seeds per head by 13.4, 9.8 and 2.9
compared with control, respectively. The maximum of the 100-grain weight obtained from the application of 10
t/ha biochar combined with seed priming by distilled water that increased the 100-grain weight by 17.4% as
compared with control. Application of 5 t/ha biochar along with seed priming with water or salicylic acid
increased seed yield by 22.4 and 8.7% compared to control, respectively. Application of 5 t/ha biochar
combined with a spray of water or 10 t/ha biochar along with the foliar application of salicylic acid increased
grain yield by 18.7 and 21.9% compared with control, respectively. Increasing grain yield in rice and sorghum
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by biochar was reported. The highest oil percentage was obtained from the application of 5 t/ha biochar and seed
priming with water along with the foliar application of salicylic acid.

Conclusions

In general, it is concluded that seed priming by water or salicylic acid along with the application of 5 t/ha
biochar combined with foliar application of water in two stages in the duration of growth improved agronomic
traits and grain yield of safflower in Rain-fed Condition.
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