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Tablel. Physical and Chemical characteristics of soil in experimental field
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Table 2. Analysis of variance grain yield and yield components under irrigation deficit and seed
priming conditions
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Source of variance df Head per plant Grain per head 1000 grain weight Grain yield
Replication  R) |55 2 1.48" 2.15m™ 1.75" 268.87m™
Irrigation  (I) LT 2 154.82™ 281.68™ 643.44™ 1842447.25™
Error (a)  (a) slhs 4 0.28 0.38 1.43 925.23
Priming  (P) »!p 4 14.25" 42.72™ 83.08" 43081.39™
IxP wlpx skl 8 4.48m 17.43" 25.82m 12982.68™
Error (b)  (b) slas 24 4.24 7.61 32.07 8117.82
CV %ol s o o 9.64 7.06 12.52 7.51

# NS
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" *and *": not-significant and significant at 5 and 1 percent level of probability, respectively
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Table 3. Mean comparisons of grain yield and yield components under irrigation deficit conditions
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Irrigation  No. head per plant  No. grain per head 1000 grain weight (g) Grain yield (kg.ha!)
I 24a 43 a 50a 1536 a
I 18¢c 39b 48 b 1224 b
I3 23 b 35¢ 38 ¢ 837 c

Wl crme glas (SIS (B9, b w0 B Jletsl mhaes )3 gt j8 50 S ie By b sl eSike
Means followed by similar letters in the same column don’t significant difference based on Duncan multiple
range test at 5% level probability
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I,=irrigation in all stages rosset, stem elongation, heading, flowering, and grain filling,
b a5 (2l e 55 5)lel 5 @Gl (38 aBle s 50 )Ll el -l
L= Irrigation interruption in rosset, stem elongation, heading, and irrigation in growth stages flowering, and grain filling
s g g (2 Jolie 5 6)lel i 5 (2o (2848l g, S e 50 (s)Lel I3
Is=Irrigation in growth stages of rosset, stem elongation, heading and stop irrigation interruption in flowering, and grain filling
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Table 4. Mean comparisons of grain yield and yield components by seed priming
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seed priming No. head per No. grain per 1000 Grain  Grain yield
plant head weight (gr) (kg.ha!)
Non- Primed ol pas 20b 36b 41a 1093 b
Hydropriming ,lie ol b oy 21b 38 ab 43 a 1166 ab
primed with 1% ZnSO4  ao ;s S (g9, Slalgus b oy 23 a 41 a 48 a 1259 a
primed with 1% KNO3  as,0 G el Olis b ol 22 ab 40 a 46 a 1235a
primed with 2% KNO3  as,5 98 el Olis b ol 22 ab 40 a 47 a 1242 a
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Means followed by similar letters in the same column don’t significant difference based on Duncan multiple
range test at 5% level probability
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Table 5- Analysis of variance of qualitative and agronomic traits by irrigation deficit and seed

priming
i gl @olilaz Of9y ey 89y 3, es Selam o Shee sy pasls
Source of variance df Oil percent Oil yield Biologic yield Harvest index
Replication  R) ,I,55 2 1.04"s 136.75" 650658.02" 1.71"
Irrigation (1) s,L] 2 38.72™ 145055.05™ 20062568.68™ 461.04™
Error (a)  (a) sl 4 0.61 29.94 438006.02 1.62
Priming  (P) &y 4 16.11 7469.46™ 1237055.02" 3.27
IxP wmlp x o)kl 8 3.58m 1273.26" 574173.68" 2.16™
Error (b)  (b)slas 24 5.15 1784.16 457988.63 1.24
CV %l o po 9.94 15.17 12.10 5.25

RO Ty [PCES T A NUE PP NE PRSI It PV
" " and *": not-significant and significant at 5 and 1 percent level of probability, respectively
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Table 6- Mean comparisons of qualitative and agronomic traits by irrigation deficit stress
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L OF9) e)d S . L .
Irrigation Oil percent Oil yield Biologic yield Harvest index
P (kg-ha!) (kgha') %
I 27a 374 a 6782 a 22.62b
10 23b 2840 4472 ¢ 2596 a
I3 2lc 177 ¢ 5526b 15.13 ¢
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Means followed by similar letters in the same column don’t significant difference based on Duncan multiple
range test at 5% level probability
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I,=irrigation in all stages rosset, stem elongation, heading, flowering, and grain filling,
als i g (2l Sl 50 5)lnl 5 (BOGb (38,a8le (g, 0 )kl ol L
L= Irrigation interruption in rosset, stem elongation, heading, and irrigation in growth stages flowering, and grain filling
als oy g 2 Jolie 50 sl b g (ROGb (28,48l (g, S e 50 ()0l I3
Is=Irrigation in growth stages of rosset, stem elongation, heading and stop irrigation interruption in flowering, and grain filling
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Table 7- Mean comparisons of qualitative and agronomic traits by seed priming

. e . WEg, o, Sles 55 5 ,Slos casls L
o Sl 9y ey e Jjj}d . i
Seed priming Oil percent Oil yield Biologic yield Harvest index
(kg.ha) (kgha') %
Non- Primed wly poe 2lc 238 ¢ 4964 b 2045b
Hydropriming e ol b !y 22 be 261 be 5611 ab 20.86 ab
primed with 1% ZnSO04  ss,0 V (g5, Slalgw b wly 25a 308 a 5718 a 21.87a
primed with 1% KNO3  so,0 Vel Slid bl 23 abc 283 ab 5737 a 2178 a
primed with 2% KNO3  as )0 ¥ el Slad bl 24 ab 301 ab 5937 a 21.22 ab

Al s cire Sglas STl g, b aoy0 O Jlail a0 et 2 50 S ie By b slo 1 Siles
Means followed by similar letters in the same column don’t significant difference based on Duncan multiple
range test at 5% level probability
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Table 8. Correlation coefficients of grain yield and yield components under effective irrigation
deficit and seed priming

Slaw Gub yo als g, Gub als e 3 als o Slee
Traits Grain per head  Head per plant 1000 grain weight Grain yield
Grain per head &b o ails 1
Head per plant = x5 0 5.l 0.47* 1
1000 grain weight  «ils 32 59 0.87** 0.25ns 1
Grain yield = «ls 5 Slae 0.64%* 0.26ns 0.81%** 1

23 # NS
3

2,0 Sy g gy Jletol w50 s g g o pé iS4

ns *

Ay 9 S Sl s sl

i a5 (Behdani and Mosavifar, 2011)
O Jlasel fley o ay aS ols eS| clils y el
5 aS ebilen il a8 5 bl YS! s Wi
038 Sles izl G 5l 008 oo blowl A Jgo
wlps b ocoipa G jo alb sl 5 als)lie
5 - .:. x/.. . L}" oo (r: ,/?f;ux) P (r:,/A\hZ)
5% sBab o by slasy azile ails o Slee L1 Hlo Jxe
By WS e ) oS e Sl cdds
6‘)5 Lg)'if)}g Oy Lgl)lo oS b Jron alo sloss
alo olaws moli8l Coled 10 5009 (6 pitwgid dlge Bl jo
Ly, ol 092 g .0l dales ails o Slee isl8l 4 oo
)....L, Oty 45 Q20 oo lias awls o Slee L coie
3 Slss Gk sl o Shee p 0 Spmln 9 (S
ceb Slao ol ol g cusl oayo § Jleel laos (5l
by Jaly, iz 0929 .00 5 o dils o Slee ol
,o (Fanaei and Narouirad, 2014) of, 34,6 4 L3
Ll 058 5 5158 K5I8
olis Gioles] ol 5l sdel sty mlis S ek
Ll @ Jomtie (BlS plpieay S5 az ST a5 0l
kil ohgnr s)lale 2 Ll osd e alis oS
oalS el s a4 aalS 5l Lty 5B e gl O
AT (e 03,8 o0 0 Sles glizl g ails o Sles
o2 Gy e Dysods (69, 085 1 eolaiul a5 W 3
GRIPl czge pesly 5 gy 29T Hlre Bble o
alie Juld o mls el 5ol wslss als o Slee
10 S5 kel ()5 o lgp et o ol adlhe 4
3 B (P3b (59,88l (Djg)) g0, Sl e aen
NS | u.;.al; 50 Cadgdome Oyao )0 g (Al ol y
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, " and ™": not-significant and significant at 5 and 1 percent level of probability, respectively

o> 5l S ailate oS 0 (g9, Gl 0 00,4]
2Bl (Sl

Lulid 5 S 5o o S5LS YVE 51 ods, o Shae
o5 llyl e S 5o 6 ST IV 4 el 6L
g ails o, Sles uals . (Y Jsaz) <l rals oooly 5B
Gl 5o Wlgs oo (sl 51 s lalpd )3 (489, S
2 al ey, 0,Sles alS WSl et S, 9,Sles
(Fanaei et) ) )SKen 5 old lawg SloS Lo Lals
el dnlie Joox 5l .ol s 5,155 al., 2013
Sesd )0 gy Sfdes (i oS 00 5 e bl
5 )LSe ;0 0SS VA :Siloo b (g9, Sldlg bl
pae lexd 53 LS 55 0,5 9kS VWA :S0he b (2 208
@ (S ) 0Skee (¥ Jouz) ol Cewsay mly
5B L 55y Bpan g 3l wls 0 Shes 5 g, do)
Mg ndls ails 3 Sloe g 895 22yd g9y 2 &S
B 0 ol gl osh 55 (b8g, o Sles ull el
a2l bl 4 o | (i 0 Shae oy 5 (oo,
(F Jeaz) ol ialS cudipay wo o YA g as 0 YT
VA Gl ptagy 5B 50 OF alad o cusloy asls
30 LS Ay Gl (60,0 Y g 0l 4y s (om0
iy 9 S ) Sl plas el B
oy 5 S5 g (Ashrafi and Razmjoo, 2014)
3,Slos a5 wis S 5,155 (Kafi and Rostami, 2007)
aby btz Jole o (Sas a5 b o
555 n faine el s

GelS Bkl sy, 0l Al pe o (S 2
5 Sis oole aly gl el 5y gl esls
oals hals Sle w0gh o0 olS (i) o Shes alS
5 0 ,Slese lizl o g cdl (ol 5B s clley
Sl s SSkee b il 5o als s Shee bl



VWRF [ags o lads [ags Jlos [l s Sliios 5 psle S gy g il 5 Shes iy Kipaglyy il

SBlse Sy (Wl Gady g 2l wly Jole o sl
SIS mln pos @ Cod 0 Sl g plsl Wb (o

&L

Abdolrahmani, B., Ghassemi-Golezani, K., Valizadeh, M., Feizi Asl, V. and Tavakoli, A. 2011. Effect
of seed priming on the growth trend and grain yeild of barley (Hordeum vulgare L.) abidar under
rainfed conditions. Seed and plant Journal, 27(1): 111-129. (In Persian) (Journal)

Ajouri, A., Asgedom, H. and Becker, M. 2004. Seed priming enhances germination and seedling
growth of barley under conditions of P and Zn deficiency. Journal Plant Nutrition Soil Science,
167: 630-636. (Journal)

Afzal, Sh., Akbar, N., Ahmad, Z., Magsood, Q., Igbal, M.A. and Aslam, M.R. 2013. Role of Seed
Priming with Zinc in Improving the Hybrid Maize (Zea mays L.) Yield. American-Eurasian
Journal Agriculture and Environment Science, 13 (3): 301-306. (Journal)

Alizadeh, A. 2004. Water, soil and plant relationship. Ferdowsi University Publication, Mashhad,
Iran. (Book)

Arif, M., Jan, M.T., Marvat, K.B. and Khan, M.A. 2008. Seed priming improves emergence and yield
of soybean. Pakistan Journal of Botany, 40: 1169-1177. (Journal)

Arif, M., Waqas, M., Nawab, Kh. and Shahid, M. 2007. Effect of seed priming in Zn solutions on
chickpea and wheat. African Crop Science Conference Proceedings, 8: 237-240. (Journal)

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. (Journal)

Ashrafi, E. and Razmjoo, J. 2014. Effect of seed hydropriming and irrigation regimes on grain,
biological yield, harvest index, oil and protein content of safflower (Carthamus tinctorius L.)
cultivars. Agronomy Journal (Pajouhesh & Sazandegi), 103: 61-68. (In Persian) (Journal)

Baghkhani, F. and Farahbakhsh, H. 2008. The effects of drought stress on yield and some
physiological traits three variety spring Safflower (Carthamus tinctorius L.). Research Agriculture:
Water, Soil and Plant in Agriculture, 8 (2): 45 -57. (In Persian) (Journal)

Baniabas-shari, Z., Zamani, Gh.R. and Saiari-Zehan, M.H. 2011. Effect of drought stress and Zn
foliar on yield and yield components of safflower. Environmental Stresses in Crop Sciences, 8 (2):
165 -172. (In Persian) (Journal)

Bassil, B.S. and Kffka, S.R. 2002. Response of Safflower (Carthamus tinctorius L.) to saline soils and
irrigation. II. Crop Response to Salinity. Journal of Agriculture and Water Management,
54: 81-92. (Journal)

Behdani, M.A. and Mosavifar, B. 2011. Effect of irrigation deficit on dry matter of plant and
remobilization in three genotypes of spring safflower. Agroecology, 3(3): 277 -289. (In Persian)
(Journal)

Cakmak, 1. 2000. Possible roles of zinc in protecting plant cells from damage by reactive oxygen
species. New Phytologist, 146 (2): 185-205. (Journal)

Fanaei, H.R., Galavi, M., Kafi, M. and Shirani-rad, A.H. 2013. Interaction of water deficit stress and
potassium application on potassium, calcium, magnesium concentration and oil of two species of
canola (Brassicanapus) and mustard (Brassica juncea). Journal of Water and Soil Science, 23 (3):
261 -275. (In Persian) (Journal)

Fanaei, H.R. and Narouirad, M.R. 2014. Study of yield, yield components and tolerance to drought
stress in safflower genotypes. International Journal Crop Production, 7 (3): 33 -51. (In Persian)
(Journal)

Farooq, M., Basra, SSM.A., Warraich, E.A. and Khaliq, A. 2006. Optimization of hydropriming
techniques for rice seed invigoration. Seed Science and Technology, 34: 529- 534. (Journal)

Farooq, M., Wahid, A., Kobayashi, N., Fujita, D. and Basra, S.M.A. 2008a. Plant drought stress:
Effects, mechanisms and management. Agronomy for Sustainable Development, 10:1051-1059.
(Journal)

oy



VWA Jog0 oylas fpgs Jlu /ol iy liios 5 pole o Sen 5 Sl

Farooq, M., Basra, SSM.A., Rehman, H. and Saleem, B.A. 2008b. Seed priming enhances the
performance of late sown wheat (7riticum aestivum L.) by improving the chilling tolerance.
Journal of Agronomy and Crop Science, 194: 55-60. (Journal)

Fateh, H., Siosemardeh, A. and Karimpoor, M. 2011. Effects of seed priming and sowing date on
antioxidant enzymes activity and yield of chickpea under dryland condition. Plant Production
Technology, 2 (2): 1-16. (In Persian) (Journal)

Harris, D. 2006. Development and testing of on-farm seed priming. Advance in Agronomy, 90: 129—
178. (Journal)

Harris, D., Rashid, A., Miraj, G., Arif, M. and Shah, H. 2007. Priming seeds with zinc sulphate
solution increases yields of maize (Zea mays L.) on zinc-deficient soils. Field Crops Research,
102: 119-127. (Journal)

Jabbari-Orange, J. and Ebadi, A. 2012. Responses of phenological and physiological stages of spring
safflower to complementary irrigation. African Journal of Biological Technological, 11(10): 2465-
2471. (Journal)

Kafi, M. and Rostami, M. 2007. Yield characteristics and oil content of three safflower (Carthamus
tinctorius) cultivars under drought in reproductive stage and irrigation with saline water. Iranian
Journal of Field Crop Science, 5: 121-132. (In Persian) (Journal)

Kaur, S., Gupta, A.K. and Kaur, N. 2006. Seed priming increases crop yield possibly by modulating
enzymes of sucrose metabolism in chickpea. Journal of Agronomy and Crop Science, 191:81-87.
(Journal)

Kaya, M.D., Okcu, G., Atak, M., Cikili, Y. and Kolaici, O. 2006. Seed treatments to overcome salt
and drought stress during germination in sunflower (Helianthus annuus L.). European Journal of
Agronomy, 24: 291-295. (Journal)

Kaya, M., Atak, M., Khawar, K.M., Ciftci, C. and Ozcan, S. 2007. Effect of pre-sowing seed
treatment with zinc and foliar spray of humic acids on yield of common bean (Phaseolus vulgaris
L.). International Journal of Agriculture Biological, 7: 875-878. (Journal)

Khan, A.A., Szafirowaska, A., Satriyas, 1. and Ptasznik, W. 1995. Pre-sowing seed condition to
improve stand establishment and yield of vegetables. Horticulture Science, 36, 438-451. (Journal)

Koutroubas, S.D. and Papadoska, D.K. 2005 .Adaptation, grain yield and oil content of safflower in
Greece.VI ™ International Safflower Conference, Istanbul 6-10 June: 161-167. (Journal)

Malakouti, M.J. 2007. Zinc is a neglected element in the life cycle of plants. Middle Eastern and
Russian Journal of Plant Science and Biotechnology, 1(1): 1-12. (Journal)

Manarifard, M. and Sepehri, A. 2012. Effect of seed priming and foliar application of zinc on yield
and yield components of two wheat cultivars. Journal of Agricultural Science and Sustainable
Production, 151-169 (In Persian) (Journal)

Marshner, H. 1995. Mineral nutrition of higher plants. 2" ed. Academic Press, London, UK. (Book)

McDonald, M.B. 2000. Seed priming. (eds. M. Black and J. D. Bewley). Sheffield Academic Press,
pp: 287-325. (Part of Book)

Munawar, M., Ikram, M., Igbal, M., Raza, M.M., Habib, S., Hammad, Gh., Najeebullah, M., Saleem,
M. and Ashraf, R. 2013. Effect of seed priming with zinc, boron and manganese on seedling health
in carrot. International Journal of Agriculture and Crop Sciences, 5 (22): 2697-2702. (Journal)

Omidi, A.H. 2009. Effect of drought stress at different growth stages on seed yield and some agro-
physiological traits of three spring safflower cultivars. Journal of Seed and Plant Production, 25:
15-31 (In Persian) (Journal)

Pasban Eslam, B. 2011. Evaluation of physiological indices for improving water deficit tolerance in
spring safflower. Journal of Agricultural Sciences and Technology, 13: 327-338. (Journal)

Rengel, Z. and Graham, R.D. 1995. Importance of seed zinc content for wheat growth on zinc
deficient soil. Plant and Soil, 173: 267-274. (Journal)

Rose, L.A., Feltion, W.L. and Banks, L.W. 2002. Responses of four soybean variations to foliar zinc
fertilizer. Australian Journal of Experiment Agriculture Animal Husbandry, 21: 236-240.
(Journal)

Vazirimehr, M., Ganjali, H.R. and Fanaei, H.R. 2013. Effect of seed priming on quantitative traits
corn single cross hybrids 704 in the Region Sistan. Journal of Applied and Agricultural Science,
8(7): 1151-1154. (Journal)

OA



Effect of seed priming on grain and...Iranian Journal of Seed Science and Research, Vol. 2, No. 2, 2015 (49-59)

Effect of seed priming on grain and oil yield of Safflower under
irrigation deficit conditions

HamidReza Fanaei'*, Hanyeh Keikha?, Issa Piri?

Received: June 10, 2015 Accepted: October 21, 2015

Abstract

In order to effect of seed priming on oil, grain yield of Safflower under irrigation deficit conditions a
split plot experiment based on randomized complete block design was conducted with three
replications in 2012-2013 growing seasons in research farm of Payame-Noor University of Zabol.
Irrigation in three levels included; 1= Irrigation in all growth stages (rosset, stem elongation,
heading, flowering, and grain filling), 12=Irrigation interruption in rosset, stem elongation, heading
and irrigation in flowering, and grain filling), 13=Irrigation in growth stages rosset, stem elongation,
heading and interruption irrigation in flowering, and grain filling were main plot and seed priming in
five levels included; P1=Non- Primed (control), P2=Hydropriming, P3=Primed with 1% ZnSO4
P4=Primed with 1% KNO3 P5=Primed with 2% KNO3 were sub plots. The results showed that
number head in plant, grain in head, 1000 grain weight ,oil and grain yield in I2 and I3 treatments
decreased as soil available moisture was reduced. Rate decreased grain yield in treatments was 20 and
45 %, respectively. The oil percentage and grain yield was higher in seeds osmopriming with 1%
ZnS0O4 and 2% KNO3 compared to non prime 19 and 14 %, respectively. Based on results in spring
plant of safflower must be take irrigation in all of growth stages and seeds priming than to non prime
seed to be superior.
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