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Effect of iron application on enzymatic activity, grain yield and oil content of
safflower under water deficit conditions
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Table 1. Physical and chemical properties of soil in experiment site
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(cm) Soil texture pH (%) mg kg
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Table 2. Analysis of variance for antioxidant enzymes activity, harvest index, grain and oil yield of safflower in soil and foliar application of Fe and drought stress treatments
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o137 4 s S ST Sl ST SlnST s SlanST 36 god STy e als 5 Shes oy 3 Shas Sl asls

S.0.V JueTpate d.f CAT APX PPO POX SOD Grain yield Oil yield Harvest index
Replication (R) &Sl 3 2.67 13.271 0.119 0.195 1967.763 7492.244 414.949 2.607
Drought Stress (A) St 1 4.584* 1573.312%%* 0.349%* 18.329%* 58159* 6221688** 76688** 12.870™
Error a () ast 3 0.278 13.075 0.0049 0.168 1757.337 7498.1 485.083 1.819
Fe (B) AT 7 84.764** 285.717** 7.398%** 18.982%* 27090%* 253791** 142218** 9.083**
AxB AT O x a5 7 211.633%* 752.529%* 5.255%* 62.702%* 3335%* 622949** 740302%* 7.915%*
Error b (o) s 42 0.999 18.837 0.042 0.155 3043.22 19063.16 2151.902 1.4007
C.V(%) Sl S - 6.844 9.532 7.154 5.982 14.941 4.556 4.596 5.252

ns : Not significant S5 se DS

* and ** : Significant at 5% and 1% probability levels, respectively 2053 & 5 gy dlal g gha 53 Jls an o5 4t FH G

LOA
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Table 3. Mean comparison of antioxidant enzymes activity, harvest index, grain and oil yield of safflower and interaction effect of soil and foliar application of

Fexdrought stress treatments

VG STy by ST SeST L ST,
LT slayls oAl sl CAT APX PPO POX
Irrigation treatments Fe treatments (AA. mg 'protein. min ") (AA. mg 'protein. min")  (AA. mg 'protein .min ')  (AA. mg 'protein .min ")
ST o 05 SO e
Without irrigation withholding Soil application (kg.ha™)
0 16.67b 45.78b 3.65b 10.60a
50 16.98b 42.70bc 2.95¢ 10.36a
100 5.50d 57.20a 3.44b 9.312b
150 16.26b 28.57d 1.26e 3.05¢
S 2 s
Foliar application (mg. I"")
0 26.86a 27.76d l4le 2.52e
1 16.46b 43.06bc 2.14d 5.72d
2 5.74d 38.98¢ 5.37a 7.65¢
3 10.23¢ 40.50bc 2.08d 7.71c
AU Ao o 55 (LT s S O an
Irrigation withholding at flowering stage Soil application (kg.ha’l)
0 19.50ab 62.89a 2.37e 4.28¢
50 21.18a 55.52ab 2.71cd 291f
100 13.80c 35.68¢ 491a 5.82d
150 10.26d 62.06a 1.27f 2.86f
S 2 e
Foliar application (mg. I"")
0 6.44¢ 58.63ab 4.27b 8.60b
1 14.55¢ 52.21b 2.64d 12.63a
2 19.00b 50.69b 2.88¢ 6.57c
3 14.23¢ 26.19d 2.44e 4.68e

LI (g4l gme DM o o Jlez| C]a.—:):LSMEANS U531 bl ez &S 2in o - glols &7 @_LAJ.&L» bl s c]a.d A
Means in each irrigation treatment, followed by similar letter(s) are not significantly different at 5% probability level, using LSMEANS Test
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Table 3. Continued

bl slasles AT sleles 36 sag 3 Sl g s 3 Shes 355 Shes Sl als
Irrigation treatments Fe treatments SOD Grain yield Oil yield Harvest index
(AA. mg 'protein. min ") (kg. ha™ (kg. ha™") (%)
ST gl sy S
Without irrigation withholding Soil application (kg.ha™)
0 508.97a 3624.4ab 970.5¢ 22.1ab
50 333.89bc 3110.9¢ 788.9¢ 23.2ab
100 304.41bc 2825.4¢c 762.6¢ 23.4ab
150 316.63bc 3731.3a 980.4c 22.6b
S 2
Foliar application (mg. 1"
0 381.02b 3101.0c 890.8d 21.8b
1 319.56bc 3444.4b 829.6ed 24.8a
2 285.000c 3765.7a 1699.6a 22.3b
3 262.96¢ 3113.4c 1427.4b 22.4b
P A e T o S
Irrigation withholding at flowering stage Soil application (kg.ha™)
0 420.09bc 2631.6¢ 1133.2¢ 20.7¢
50 405.43bcd 3176.5a 1440.2a 18.8d
100 555.29a 2719.7¢ 786.2d 24.5a
150 320.56¢d 2457.9d 1130.7¢ 22.5b
S 2 pan
Foliar application (mg. I"")
0 371.85bed 2855.2b 1310.2b 20.8¢
1 352.58¢cd 3133.6a 829.8d 22.6b
2 463.26b 2332.3d 551.7f 23.6ab
3 305.70d 2440.7d 613.9¢ 22.9ab

.u,\.u@u@Mgmuw,;@&b\dﬁ.ﬂ,:LSMEANS oyﬂwuﬂmdjz.:«q,,,sbmf&uﬁg‘L;JL_{T,L«::ch.‘,A,;

Means in each irrigation treatment, followed by similar letter(s) are not significantly different at 5% probability level, using LSMEANS Test
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o li L il 5 Shes 55 sl Uly s
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Aol b 5 Cdl p et Ll Sl 2l
o—) sl a3l (Richards et al., 2002) s,
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Effect of iron application on enzymatic activity, grain yield and oil content of
safflower under water deficit conditions

Fathi Amirkhiz, K.}, M. Amini Dehaghi?, S. A. M. Modares Sanavy®, A. R.
Reza Zadeh® and S. Heshmati®

ABSTRACT
Fathi Amirkhiz, K., M. Amini Dehaghi, S. A. M. Modares Sanavy, A. R. Reza Zadeh and S. Heshmati. 2011. Effect of
iron application on enzymatic activity, grain yield and oil content of safflower under water deficit conditions. Iranian

Journal of Crop Sciences. 13(3): 452-465. (In Persian).

To study the effect of soil and foliar application of Fe-EDDHA on the activity of some antioxidant enzymes ,
grain and oil yield in safflower under water deficit conditions, an experiment was conducted in research field of
faculty of agriculture, Shahed University, Tehran, Iran, in 2008 cropping season. The experimental design was
split-plot arrangement in randomized complete blocks with four replications. Main plots consisted of two levels
of irrigation; 1: Full irrigation (irrigation after reaching to 50% soil moisture depletion of field capacity), 2: No
irrigation after flowering stage (irrigation after reaching to 75% soil moisture depletion of field capacity). Sub
plots were eight levels of Fe-EDDHA, that four levels of it were soil application (0, 50, 100, 150 kg.ha™ of Fe-
EDDHA) and four levels were foliar application (foliar application of water and 1, 2, 3 mg.I" of Fe-EDDHA)
on spring safflower cv. IL 111. Results showed that soil application under drought stress conditions increased
antioxidant enzymes activity of Catalase (CAT), Ascorbate Peroxidase (APX), Polyphenol Oxidase (PPO) and
Superoxide dismutase (SOD). However, Peroxidase (POX) activity increased with foliar application of Fe-
EDDHA. Effect of drought stress and Fe-EDDHA was significant on harvest index, grain and oil yield of
safflower. The highest grain yield under drought was 3176.5 kgha™ and 3133.6 kg.ha", obtained with soil
application (50 kg.ha™' of Fe-EDDHA) and foliar application (1 mg.I"' of Fe-EDDHA), respectively. The highest
grain yield in full irrigation was, 3765.7 kg.ha™' and 3731.3 kg.ha™' obtained with foliar application (2 mg.I" of
Fe-EDDHA) and soil application (150 kg.ha™ of Fe-EDDHA), respectively. The highest oil grain yield under
drought stress, 1440.2 kg.ha™', was obtained from soil application (50 kg.ha” of Fe-EDDHA). However, the
highest oil yield in full irrigation, 1699.6 kg.ha', was obtained from foliar application (2 mg.I"' of Fe-EDDHA).
In conclusion, the application of Fe-EDDHA could increase antioxidant enzymes activity and led to improved

grain and oil yield of safflower under drought stress conditions.

Key words: Antioxidant enzymes, FEEDDHA, Grain yield, Safflower and Water deficit stress.
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