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ABSTRACT
The aim of this study was to investigate the effect of foliar application of polyamine compounds on seed
and oil yields and fatty acids J)roduction in safflower under deficit irrigation stress. A split plot
experiment based on randomized complete block design with four replications was conducted in the
research farm of College of Agriculture, Shahed University in 2016-2017. Treatments were irrigation at
two levels (normal irrigation and deficit irrigation (irrigation after 50 and 75% depletion of field capacity,
respectively) as the main factor and foliar application of polyamine compounds at 10 levels (foliar
application with water as control and foliar application with putrescine, spermidin and spermin at 0.05,
0.1 and 0.2 mM concentrations) as secondary factor. At each irrigation level, the putrescine foliar
application significantly increased seed and oil yields, harvest index, water use efficiency and oleic acid.
Increased levels of putrescine and spermin foliar application ranged from 0.05 to 0.2 mM under deficit
irrigation stress conditions resulted in 40.4% and 38.3%, increase in the biological yield respectively,
compared to control. Also, foliar application of the highest concentration of spermin (i.e. 0.2 mM) under
water deficit stress significantly increased total yield of unsaturated fatty acids and reduced the
percentage of palmitic acid. Spermidine foliar application significantly increased linoleic acid yield in
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safflower oil under water deficit conditions. It can be concluded that foliar application of polyamine
compounds can increase seed and oil yields and water use efficiency and improve the quality of safflower

oil in deficit irrigation conditions.

Keywords: Biological yield, harvest index, linoleic acid, oil percentage, water deficit stress.
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Table 1. physiochemical properties of the experimental site soil

Depth EC pH Organic Total K Soil Bulk FC PWP
(cm) (dS.m™) Carbon Nitrogen (mg.kgh)  Texture Density (%) (%)
(%) (%) (g.cm?)
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Figure 1. Moisture curve of the field soil
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Table 2. Variance analysis of seed yield, number of capitula per plant, number of seeds per capitula,

1000-seed weight, harvest index, biologic yield and water use efficiency of safflower affected by
irrigation levels and foliar application of polyamines

Mean Squares

S.0vV df Seed yield Number of capitula ~ Number of seeds per 1000- seed Harvest Biological yield ~ WUE
per plant capitula weight index
Block 3 497123.6 15.6 13.8 1.61 1.7 4043385.6 53
| 1 4431.2ns 158.2ns 3.2ns 16.0ns 86.7ns 2126410.0ns 0.4ns
Main error 3 486977.1 40.4 8.2 11.8 129.6 3992735.5 52
P 9 397662.9* 151.9%* 188.5** 1.1ns 51.3ns 5390154.6* 4.2*
IxP 9 415218.7* 26.2ns 82.7ns 3.6* 141.2*%* 9524339.6** 4.4%
Sub error 54 161093.7 21.9 44.5 1.6 1800.8 2021136.2 1.7
C.V (%) - 14.0 20.4 19.76 2.52 15.5 17.9 14.0

By S5 g i Jleisl mhas jo s tme g lo tme 8 i g FF 5 ¥ s L el L P s Lol
I: irrigation, P: polyamines.ns, * and **: non significant and significance at 5% and 1% of probability levels, respectively.
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Table 3. Means comparison of seed yield, 1000-seed weight, biological yield, water use efficiency and oil
yield and content affected by irrigation (I) and polyamines (P) interaction

Seed yield 1000 seed Harvest index Biological yield WUE Oil yield Oil content
(kg/ha) weight (g) (%) (kg/ha) (kg/m®) (kg/ha) (%)
P1 2816.6 b-d 49.62 b 38.44 hc 8293 be 0.493 b-d 645.67 a-e 22.94 be
p2 2675.4 b-d 50.13 ab 37.78 bc 7255 be 0.478 b-d 604.44 b-e 2259¢
P3 3180.8 b 49.51 b 30.81 cd 8388 bc 0.530 ab 659.62 a-d 20.75f
P4 3499.6 a 49.85 ab 47.69 a 8261 bc 0.564 a 739.07 a 21.08 f
11 P5 2280.3d 51.85a 36.54 cd 10559 a 0.437d 529.18 ¢ 23.20b
P6 2552.8 cd 50.75 ab 39.86 ab 8663 ab 0.465 cd 553.82 c-e 21.66¢
p7 2520.7 cd 50.96 ab 44.70 ab 6988 bc 0.462 cd 548.61 de 21.78 de
P8 3063.4 a-c 51.79a 38.97 a-c 7577 be 0.518 a-c 678.52 a-c 22.14d
P9 2897.9 b 51.00 ab 28.55d 6394 ¢ 0.501 bc 710.75 ab 24,50 a
P10 3128.5ab 50.59 ab 38.90 bc 8404 hc 0.525 ab 707.36 ab 22.60 ¢
P1 2781.7b 5257 a 34.33a-c 7457.9 bc 0.489 b 633.66 ab 22.78 a
P2 2884.8 ab 51.28 a-c 40.12 ab 7229.4 be 0.500 ab 614.21 a-c 21.30¢c
P3 3430.0a 50.98 ¢ 4131a 7366.7 bc 0.557 a 708.39 a 20.65d
P4 2602.1 b 52.76 a 32.21bc 104775 a 0.471b 515.05¢ 19.80 e
12 P5 2967.3 ab 51.20 a-c 28.58 ¢ 6464.4 bc 0.508 ab 570.37 bc 19.22 f
P6 3004.4 ab 51.09 bc 35.04 a-c 6687.5 bc 0.512 ab 579.55 bc 19.29 f
p7 2576.4b 50.77 ¢ 37.35ab 5643.2 ¢ 0.468 b 542.13 bc 21.04 cd
P8 2908.0 ab 50.78 ¢ 37.77 ab 7852.7b 0.502 ab 535.63 bc 18.49¢g
P9 2542.1b 51.70 a-c 4049 a 8030.7b 0.464 b 558.45 bc 21.93b
P10 2770.4 b 51.86 a-c 34.21 a-c 10313.7a 0.488 b 537.41 bc 19.38 ef

(i) oely; cad b Cogb ) duoys YO adss wlul 5 g,Ll =12 daals) Lol cud)l cosb) o 80 adss ulul 5 g LT =10
Weo doo 1V =P s sl Yool /20 =P8 3o sl Yoo doo < /Y =PT (o ol Voo Lo /) ZPE (pydus posl Yoo Lo

<Oy yel g0 Lo < /Y =P10 «yre yu]
11: irrigation after 50% depletion of field capacity (control), 12: irrigation after 75% depletion of field capacity (stress), P1: control
(foliar application of water), P2: 0.05 mM putrescine, P3: 0.1 mM putrescine, P4: 0.2 mM putrescine, P5: 0.05 mM spermidin, P6:
0.1 mM spermidin, P7: 0.2 mM spermidin, P8: 0.05 mM spermin, P9: 0.1 mM spermin, P10: 0.2 mM spermin.
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Figure 2. Effect of foliar application of polyamines on the number of safflower capitula per plant
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Figure 3. Effect of polyamine foliar application on Number of seeds per capitula in safflowe
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Table 4. Variance analysis of oil yield and content and palmitic, stearic, oleic, linoleic, saturate fatty and
unsaturate fatty acids in safflower affected by irrigation levels and foliar application of polyamines

Mean Squares

S.0v df Oil yield Oil Palmitic Stearic acid Oleic Linoleic Saturate Unsaturate fatty
content acid acid acid fatty acid acid
Block 3 22792.1 0.1 324 0.6 0.6 20.9 124 04
| 1 67794.2ns 751.3** 3.4* 0.2ns 0.5ns 352.0** 0.1ns 22.5%*
Main error 3 21474.9 0.9 0.34 0.3 0.4 0.5 5.7 0.6
P 9 15179.0* 83.1** 4.9ns 0.3ns 2.3* 266.0** 8.0ns 26.7**
IxP 9 20845.0** 40.3** 7.0* 0.6ns 4.3%* 238.4** 25.6ns 31.5%*
Sub error 54 7018.6 0.9 2.9 15 1.1 10.7 20.5 3.0
C.V (%) 13.7 14 2.4 15.6 2.3 4.3 4.7 1.6

VR Vsl PCES [P PR N PONP O N PONOT-SPO ¢ FUIEL A N SON [ PR S W

I: irrigation, P: polyamines.ns,

*and **: non significant and significance at 5% and 1% of probability levels, respectively.
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Table 5. Means comparison of palmitic, stearic, oleic, linoleic, saturate fatty and unsaturated fatty acids
affected by irrigation (1) x polyamines (P) interaction

Palmitic acid (%) Stearic acid Oleic acid Linoleic acid (%) Saturated fatty Unsaturated fatty acid
(%) (%) acid
P1 7.00 a-c 246a 14.42 a-c 75.58 bc 9.46 b 90.49b
P2 7.12 ab 258a 1490 a 78.66 a 9.71ab 94.26 a
P3 6.85¢ 256 a 14.18 bc 75.56 bc 9.41b 90.46 b
P4 6.90 bc 2.36a 14.42 a-c 75.73 bc 9.26 b 90.81b
11 P5 6.90 bc 252a 14.65 ab 7530 ¢ 9.43b 90.57 b
P6 6.91 bc 246a 14.37 bc 75.53 bc 9.38b 90.55b
p7 6.96 a-c 255a 14.39 be 75.45 be 9.51ab 90.53 b
P8 6.85¢c 241a 1414 c 7591b 9.26 b 90.73 b
P9 6.92 bc 2.58a 13.93¢c 75.74 be 9.51ab 90.31b
P10 7.19a 292a 14.67 ab 74.70d 10.11a 90.16 b
P1 721a 247a 14.68 a-c 75.08 be 9.69a 90.33a
P2 7.09 a-c 250a 14.08 d 75.69 a 9.59a 90.43a
P3 6.95 b-d 246 a 14.32 b-d 75.61a 941a 90.53 a
P4 7.16 ab 256 a 15.06 a 74.62d 9.73a 90.50 a
12 P5 6.87 cd 248a 14.48 b-d 75.65a 9.36a 90.66 a
P6 7.00 a-d 247 a 14.14d 75.77 a 9.47 a 90.69 a
p7 6.97 a-d 246a 14.45 b-d 75.43 ab 9.43a 90.57 a
P8 7.05 a-c 26la 14.75 ab 74.89 cd 9.67 a 90.45a
P9 6.90 cd 257a 14.38 b-d 74.62d 9.47 a 90.66 a
P10 6.80d 248 a 14.27 cd 75.66 a 9.28a 90.69 a

() (s2lyy Cudybs Cugb ) sojo VO addss ulol p (5Ll =12 (aals) (el cod)b Cugh) woys O adss ulul » )Ll =1L
Weo doo 1V =P ¢ yus ol Yoo Lo /20 =P8 3o sl Yoo Joo < /Y =PT (nais sl Voo Lo /) ZP6 (s posl Yoo Lo

ooyl Y go Lo 1Y =P10 ¢y yau!

11: irrigation after 50% depletion of field capacity (control), 12: irrigation after 75% depletion of field capacity (stress), P1: control
(foliar application of water), P2: 0.05 mM putrescine, P3: 0.1 mM putrescine, P4: 0.2 mM putrescine, P5: 0.05 mM spermidin, P6:

0.1 mM spermidin, P7: 0.2 mM spermidin, P8: 0.05 mM spermin, P9: 0.1 mM spermin, P10: 0.2 mM spermin.

4 a>g by ol o (Talaat & EI-Din, 2007)
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