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oil Chl Chlb IAA  Cytokini Fe 1000 N. of
a ytokinin . .
Stress Treatment Protein content (mmol / (mmol / (ng/g (ng/g Prolin content Ylslfi Se.ed seeds
%) oFW) gFW) FW) FW) (mg kg-1) (me/ke) (Kg/ha) weight per
(2) head
Control 16.63 26.27 1.393 2.17 33 327 191.3 109.93 1308 44.64 13.67
F bede c g de bed gh Cde a ab B
Nano Fe 14.73 27.07 1.473 297 348.7 339.3 204 125.87 1325 45.13 13.67
30 mM G abed c fg cd abc gh B a ab B
Irrigati Nano Fe 13.72 27.77 1.77 2.237 366.3 3423 178 144.8 1316 45.11 15.67
on at 60 mM G abc b fg c ab h a a ab A
0% Nano Zn 15.93 28.7 1.947 2.353 144.7 356.3 220.3 103.177 1358 45.95 15.67
30 mM F ab ab ef b a gh def a a A
Nano Zn 16.8 28.87 20.07 2.443 454.7 355.7 236.3 103.47 1366 46.04 16.67
60 mM F a a de a a g def a a A
Mean 15.562 27.736 5.3306 2.4346 269.48 344.12 205.98  117.449 1090 45374 15.07
Control 22.38 23.53 0.687 2.59 261.3 276 358.8 94.83 1088 38.21 9.33
ontro B fgh fe bed ik f f fe ¢ e Ef
Nano Fe 20.47 23.17 0.78 2.54 286.7 251.3 389.3 114.5 1083 39.15 10
L 30 mM D fgh efg cd fgh g ef Bed c e Def
I“‘g*‘t“ Nano Fe 18.83 24 0.807 2.662 297.7 292 397 119.97 1136 39.55 10.33
(;151:1/ 60 mM E efg efg abc efg ef ef Be be de De
’ Nano Zn 21.8 25.07 0.963 2.733 315.7 313 432 94.57 1151 41.76 11.33
30 mM be def de ab def cde de fg be cd De
Nano Zn 22.53 26.1 1.022 2.783 166.7 320.3 562 96 1199 43.48 12.33
60 mM B cde d a gh cde c efg b be Be
Mean 21.202 24.374 0.8518 2.6616 265.62 290.52 427.82 103.974 11314 40.43 10.664
Control 24.11 19.67 0.627 0.787 182.3 236 4543 65.77 809 31.25 733
ontro A i g k k g d h f h G
Nano Fe 21.47 21.43 0.743 0.947 201.3 250.7 552 88.13 828 31.98 7.67
L. 30 mM bed i fg k k g c g f h G
I“‘g*‘t“ NanoFe  20.63 21.97 0.793 1.403 219 285.7 593 97.77 883 3235 7.67
2:;,,2 60 mM D ghi efg j j f c efg ef gh G
Nano Zn 21.5 24.57 0.87 1.587 233 296 667 66.63 955 33.75 8.67
30 mM bed def def i ij ef b h de Gh Fg
Nano Zn 22.53 25.67 0.843 1.897 266.7 294 735.7 69.47 976 34.82 8.67
60 mM B cdef def h gh ef a h d F Fg
Mean 22.048 22.662 0.7752 1.3242 220.46 272.48 600.4 77.554 890.2 32.83 8.002
Y J}-\:— aslsl
0il Carotenoid Cytokini § F 1000
X 1 Chl a Chlb TAA Gibberellin ytokinin Prolin e Yield Seed
Treatment  Protein  content  (mmol/  (mmol/ (mmol / (ng/g (ng/g FW) (ng/g (mgkg-  content (Kg/ha) ight
%) W) gFW) gFW) rwy (g8 FW) ) (mg/kg) £ We(:gg)
Control 21.04 23.16 0.902 1.849 0.0626 257.8 130.6 279.7 334.8 90.18 1068 38.04
ontro a C d d b e c c d c C B
Nano Fe 30 18.89 23.89 0.999 1.894 0.0647 278.9 137.1 280.4 381.8 109.50 1079 38.75
mM c Be c d b d be c c b Be B
Nano Fe 60 17.73 24.58 1.123  2.101 0.0675 294.3 142.4 306.7 389.3 120.86 1112 39.00
mM d B b c b c ab b c a B B
Nano Zn 19.74 26.11 1.260  2.224 0.0752 320.1 144.9 321.8 439.8 88.32 1153 40.49
30 mM b A a b a b ab a b c A A
Nano Zn 20.12 26.88 1.316  2.374 0.0784 348.1 146.6 3233 511.3 89.64 1180 4145
60 mM b A a a a a a a a c A A
Y J}-\:— aslsl
Chl Chl . Zn 1000
Prot 0il a b Ca:iodten 1AA Gll:?nerel Cytokin Proli CUFI‘Iete conte Y;el Seed
rote (mm (mm n n .
Stress in cont/tent ol/ ol/ (mmol / (;\%)g (ng/g (ng/g (g nt nt . Kghh w}fig
(%) oFW oFW oFW) FW) FW) ke-1) (1n§/kg (mg/ 2
) ) g) ®
Irri ati 2205 2773 173 2.28 0.0758 382. 154.8 3441 206. 117.5 6135 613 453
on at a a 1 0 b 3 a a 0 7 a 5 7
90% A b a c a a a
Irrigati 20.90 2437 0.85 2.66 0.053 296. 1345 2905 427. 103.9 51.69 51.6 40.4
on at b b 4 2 ¢ 8 b b 8 7 ab 9 3
75% B a b b b b b
Irrigati 556 066 077 1320 o003 220 y317 0 o725 900 9755 3gq9 381 328
on at . . 5 4 a 5 b . 4 . b 9 3
50% C c c a b C
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Abstract

A considerable fraction of the decline in quality and quantity of crop production in the
arable land is attributed to drought stress and deficiency of trace elements, especially zinc
and iron. To investigate the effect of foliar application of zinc and iron nanoparticles in low
irrigation conditions on biochemical and physiological traits of safflower (Sina cultivar), an
experiment was conducted in the form of split plots based on a randomized complete block
with three replications in 2016 at Maragheh University. Different irrigation levels (90, 75,
and 50% of field capacity) as the main factors and the application of zinc and iron
nanoparticles (Non-application of nanoparticles, 30 and 60 mM Nano-Iron, 30 and 60 mM
Nano-Zinc) as the sub-factors were considered. According to the results of the analysis of
variance, the simple effects of low irrigation treatment and application of nanoparticles and
their interaction were significant for most of the studied traits. The highest amount of indole
acetic acid with 454.7 and the highest amount of cytokinin with 355.7 ng/gFW were recorded
in 60 mM nano zinc application at irrigation in 90% field capacity. The highest levels of
gibberellin with 146.6 and 154.8 ng/gFW were observed in 60 mM nano zinc application at
irrigation in 90% field capacity, respectively. The highest amount of grain protein with
24.11% was obtained in non-foliar treatment under irrigation of 50% of field capacity. Also,
the highest yield of safflower with 1366 kg/ha was observed in the application of 60 mM
nano-zinc with irrigation at 90% of field capacity. According to the results of this study, the
application of 60 mM of nano-zinc was able to improve the growth and yield of safflower
under stress, which shows the undeniable role of zinc in increasing the resistance of crops to
environmental stresses.
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