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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
0-30 Loam, . 4 7.7 0.089 14 2.6 2.4 2.8 320 16
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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
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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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S s S o158 LT eyls coilhs et al., 2010
I mmans 58 b 0T L (80 3 U ploms
SRl S s 1y il el T el 5 2
48 ey or i a pol lST mld 4 a g Lol
el Aol aT OIS s e ( St Lol s
b 3 g |y Bl
3340 AT O aae 47 313 0L Gl ol
53 (Seist 25 s o8 s S5 S s,
L)l o o F e S KB 53 (2 A e
o I L e osls adis Sis 4 K58
umt{,'\‘_;;jbuwlj:o\wlduh;uﬁﬂ
S s als By 5 als 3 S bl sl
O (BT gl o 3T b 131G 5 el
il o St 2 5 b Sledew 1 Yl
oS 5 Shas 559 0T Jik &7 3550 lS” J o
W 8 i Gadsw cpl )3 .Sl el o sl
Ll iy ol ate ( Lasla3T (basles Ols 5o oS

£

7 sy s Ll b gy (S 2 Ll
K wls gy 5 als 3 Shes Rl s L5
ASL s

o Ll s s K8 s s Shee i3l e
i ) B W5 (AT O O e 5 (S
el il oS (5T glags 5T Cdleb Ol
olie U3 aan 45 3l DL sdaze (sLa e T
J 51 e la 25 Ol 31 O e o S
das e Al STy gy by Sds S
Asle U 20 oS olie |5 (Wang et al., 2004)
Dl opr i S 2 e e 595 ¢ AT
L;t_,a‘.,‘)_sT,'\ 63l Olazstlw 53 5 S S Ol gie
OLalE S oKin S e il OlanSTT 5T
Slags 5T Sl il amlgn jolie oyl 558 L
L 5 & Conlio 5 b o 188 SIS T
b 51 .(Corpas et al., 1998) Ll o il 3l Jaoe
S o5 J3 IS W5 Rl Cel plnS i
o)l (6 i g3 o 4 T 0T Al
de gazmn LAy BT 5 e e b
(Giardi et al., 1997) 5,8 oo &y pon T s 53
52 DS (5T 0 55T @b 2530 ol
Rl s o st g paT IS O s
Slis il 5 b o e L5 e (S
oS (6 5 s B 015 Rl 5 sk
o ) AL Dl Wil 5 e Go bl 515 s 50
5 Shes Lol 3l 0T does S 03ls J2alST |y 45108
.@!&,,;ﬂwﬂ@g;m‘b

O e Sl aalaT ol ya il g e Lo
5 Seis i glasles Jolize 51 oaT OS
2 8 ls ime by e la o el ES
Df}_gf\u sl 7 313 0L mls (Y Jgr)
oYY L,:qu,_x,u@k”,&p@Tm«f
Llsd 51 Sis Jaas Ll d ys 8T ONST Sl58


https://dor.isc.ac/dor/20.1001.1.15625540.1390.13.3.2.0
http://agrobreedjournal.ir/article-1-114-en.html

[ Downloaded from agrobreedjournal .ir on 2026-07-04 ]

[ DOR: 20.1001.1.15625540.1390.13.3.2.0 ]

" ;ﬁw‘ﬁ;quﬁyTg,@;\ "

GLacSas b sk 15 cdas 2l 5l 1y e o5,
e 3255 By (Sos g o o Ll (S 2T
wnlS oL Jls o T Uil 5 ol Sl 5
23 Sl e T (S O3 e s 255 o0
3gme Sl (§35 1 (&5 i iy L sl

AL Fmla oL

References

dnglie 53 AT (S lajles 5305 (Shs A5
Il Bl 51 (6 5VL sk OT (80 slasles
) adls 5, Sas pizmasn 5 OIS (5T sla o0 5T
S 05 51 s L o b m ) B izl
o ol Lol 5 53 olS s 4 pate ol Sl
05 (ooeldl 51yl a8 ailate pl Ll b 4 4 5 b LEL
) s o 15 e YU (sles il o S

oalitwl 3590 @l

Agarwal, S. and V. Pandey. 2004. Antioxidant enzyme resposes to NaCl stress in Cassia angustifolia. - Biol.
Plant. 48: 555-560.

Allen, R. G., L. S. Pereira., D. Raes and M. Smith.1998. Crop Evapotranspiration (Guidelines for Computing
Crop Water Requirements). Irrigation and Drainage Paper 56. FAO, United Nations, Rome, Italy.

Alscher, R. G., N. Erturk and L. S. Heath. 2002. Role of superoxide dismutases in controlling oxidative stress
in plants . J. Exp. Bot. 53(372): 1331-1341.

AOAC (Association of Official Analytical Chemists). 1995. Official Methods of Analysis, 16™ Ed. AOAC
International, Gaithersburg, MD. USA.

Asada, K. 1999. The water—water cycle in chloroplasts: scavenging of active oxygens and dissipation of excess
photons. Ann. Rev Plant Physiol. Plant Mol. Biol. 50: 601-639.

Bannister, J. V., W. H. Bannister and G. Rotills. 1987. Aspects of the structure, function and application of
superoxide dismutase. CRC Crit. Rev. Biochem. 22: 110-180.

Cakmak, 1. and W. Horst. 1991. Effect of aluminium on lipid peroxidation, superoxide dismutase, catalase and
peroxidase activities in root tip of soybean (Glysin max). Plant Physiol. 83: 463—468.

Cavalcanti, F. R., J. T. Oliveira., A. Martins-Miranda., A. S. Viegas and R. A., Silveira. 2004. Superoxide
dismutase, catalase and peroxidase activities do not confer protection against oxidative damage in salt-
stressed cowpea leaves. New Phytol. 163: 563-71.

Chaves, M. M., J. P. Maroco and J. S. Pereira. 2003. Understanding plant responses to drought: From genes
to the whole plant. Func. Plant Biol. Collingwood. 30(3): 239-264.

Corpas, F. J., L. M. Sandalio., L. A. Del Rio and R. N. Trelease. 1998. Copper-zinc superoxide dismutase is
a constituent enzyme of the matrix of peroxisomes in the cotyledons of oilseed plants. New Phytol. 138: 307-
314.

Dat, J., S. Vandenabeele., E. Vranova., M. Van Montagu., D. Inze and F. Van Breusegem. 2000. Dual
action of the active oxygen species during plant stress responses. Cell. Mol. Life Sci. 57: 779-795.

De Carvalho, M. H. C. 2008. Drought stress and reactive oxygen species. Plant Signal Behav. 3(3): 156-165.

£y


https://dor.isc.ac/dor/20.1001.1.15625540.1390.13.3.2.0
http://agrobreedjournal.ir/article-1-114-en.html

[ Downloaded from agrobreedjournal .ir on 2026-07-04 ]

[ DOR: 20.1001.1.15625540.1390.13.3.2.0 ]

WA ol o o)led s ol 0Lt 215 sl W

Ghanati, F., A. Morita and H. Yokota. 2002. Induction of suberin and increase of liginin content by excess
boron in tobacco cell. Soil Sci. Plant Nutr. 48: 357-364.

Giannopolitis, C. and S. Ries. 1977. Superoxide dismutase occurrence in higher plant. Plant Physiol. 59: 309-
314.

Giardi, M. T., J. Masojidek and D. Godde.1997. Effects of abiotic stresses on the turnover of the D1 reaction
centre II protein. Physiol. Plant. 101: 635-642.

Hussain, A., M. R. Ghaudhry., A. Wajad., A. Ahmed., M. Rafig., M. Ibrahim and A.R. Goheer. 2004.
Influence of water stress on growth, yield and radiation use efficiency of various wheat cultivars. Int. J.
Agric. Biol. 6: 1074-1079.

Ishikawa, T., T. Takeda., S. Shigeoka., O. Hirayama and T. Mitsunaga. 1993. Requirement for iron and its
effect on ascorbate peroxidase in Euglena gracilis, Plant Sci. 93: 25-29.

Mahmed, M. F., A. T. Thalooth and R. K. M. Khalifa .2010. Effect of foliar spraying with uniconazole and
micronutrients on yield and nutrients uptake of wheat plants grown under saline condition. J. Am. Sci. 6(8):
398-404.

Malakouti, M. J. 2007. Zinc is a neglected element in the life cycle of plants: A review. Middle East. Rus. J.
Plant Sci. Biotech. 1: 1-12.

McKersie, B. D., J. Murnaghan., K. S. Jones and S. R. Bowley. 2000. Iron superoxidase dismutase expression
in transgenic alfalfa increases winter survival without a detectable increase in photosynthetic oxidative stress
tolerance. Plant Physiol. 122: 1427-1437.

Mittler, R. 2002. Oxidative stress, antioxidants and stress tolerance. Trends Plant Sci. 7: 405—409.

Nakano, Y. and K. Asada.1981 . Hydrogen peroxide is scavenged by ascorbate specific peroxidase in spinach
chloroplasts. Plant Cell Physiol. 22: 867-880.

Nasr, H. G., N. Kathuda and L. Tannir. 1978. Effect of N fertilizer and population rate-spacing on safflower,
yield and other characteristics. Agron. J. 70: 683-685.

Radtke, K., RW. Byrnes., P. Kerrigan., W. E. Antholine and D. H. Petering. 1992. Requirement for
endogenous iron cytotoxicity caused by hydrogen peroxide in Euglena gracilis. Mar. Environ. Res. 34: 339—
343.

Rahimizadeh, M., D. Habibi., H. Madani., G. N. Mohammadi., A. Mehraban and A. M. Sabet. 2007. The
effect of micronutrients on antioxidant enzymes metabolism in sunflower (Helianthus annus L.) under
drought stress. Helia. 30: 167-174.

Ranieri, A., A. Castagna., B. Baldan and G. F. Soldatini. 2001. Iron deficiency differently affects peroxidase
isoforms in sunflower. J. Exp. Bot. 52: 25-35.

Richards, R., G. J. Rebetzke., A.G. Condon and A. F. Van Herwaarden. 2002. Breeding opportunities for

increasing the efficiency of water use and crop yield in temperate cereals. Crop Sci. 42: 111-121.

A\


https://dor.isc.ac/dor/20.1001.1.15625540.1390.13.3.2.0
http://agrobreedjournal.ir/article-1-114-en.html

[ Downloaded from agrobreedjournal .ir on 2026-07-04 ]

[ DOR: 20.1001.1.15625540.1390.13.3.2.0 ]

" ;ﬂw‘ﬁ;quﬁyTg,@;\ "

Scandalios, J. G. 1993. Oxygen stress and superoxide dismutase. Plant Physiol. 101: 7-12.

Selote, D. S. and R. Khana-Chopra. 2004. Drought-induced spikelet sterility is associated with an inefficient
antioxidant defence in rice plants. Physiol. Plant. 121: 462-467.

Schulze, E. D. 1991. Water and nutrient interactions with water stress. In: Mooney, H. A., W. E. Winner., E. J.
Pell (Eds.), Response of Plants to Multiple Stresses. Academic Press, San Diego. §9-101.

Shigeoka, S., T. Ishikawa., M. Tamoi., Y. Miyagawa., T. Takeda and Y. Yabuta. 2002. Regulation and
function of ascorbate peroxidase isoenzymes. J. Exp. Bot. 53: 1305-1319.

Sun, B., Y. Jing., K. Chen., L. Song., F. Chen and L. Zhang. 2007. Protective effect of nitric oxide on iron
deficiency-induced oxidative stress in maize (Zea mays). J. Plant Physiol. 164: 536-543.

Thipyapong, P., J. Melkonian., D. W. Wolfe and J. C. Steffens. 2004. Suppression of polyphenol oxidases
increases stress tolerance in tomato. Plant Sci. 167: 693—703.

Trebst, A. and B. Depka. 1995. Polyphenol oxidase and photosynthesis research. Photosynth. Res. 46: 41-44.

Wang, S. H., Z. M. Yang., H. Yang.,, B. Lu., S. Q. Li and Y. P. Lu. 2004. Copper-induced stress and
antioxidative responses in roots of Brassica juncea. Bot. Bull. Academia Sinica. 45: 203-212.

Wiersma, J. V. 2005. High rates of Fe-EDDHA and seed iron concentration suggest partial solutions to iron
deficiency in soybean. Agron. J. 97: 924-934.

Ziaeian, A. and M. J. Malakouti. 1998. Effect of micronutrient application and application time on increasing

yield. Soil Water. 2(1): 56-62. (In Persian with English abstract).

e


https://dor.isc.ac/dor/20.1001.1.15625540.1390.13.3.2.0
http://agrobreedjournal.ir/article-1-114-en.html

[ Downloaded from agrobreedjournal .ir on 2026-07-04 ]

[ DOR: 20.1001.1.15625540.1390.13.3.2.0 ]

WA ol o o)led s ol 0Lt 215 sl W

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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