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3- Non-heme iron protein
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1- Scavenger

2- Olea europaea

3- Pyrus communis

4- Prunus persica

5- Calendula officinalis L., cv. ‘Yellow Gitana’
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1- Transfer cells
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Table 1- ANOVA for morphological, flowering and biochemical characteristics of Calendula officinalis under different Iron

(Fe) regimes
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Table 2- Morphological and flowering characteristics of Calendula officinalis under different Iron regimes
s W & 039 b = . . e
hd*-”“d— wh owlege . U5 jos FAol Gy, e S
ool e Js JS dlass Jo! i
Ay S ks
(5¥50955)
First flower
Different iron RIOOt Roo_t cki‘ry _Total Number of | FIowz_er fresh Petal row I_:Iower
regimes (uM) volume weight biomass flowers ongevity weight number diameter
(ml/Plant) )} (@ (day) @ (mm)
4 2582 2.5° 154.2b 18¢ 7.3° 5.3¢ 10P 55.7¢
RELCENS))
Staircase regime 20.80 3.58 191.3 25,5 13.52 8.5 13.52 86.72
35 14.5¢ 1.8¢ 186.62 22.75° 9.8" 6.6° 132 80.5°

L)l LSD 905131 o3l b jls me B3] duoyd gy graws 4> i3y o 3 Sogliie gy (gl (sl Sikie
In each column, means follow by the different letter are significantly different based on LSD test.

Colep b o LSl 3l ool Clale &y Vgag o ¥ty g 03,8 il |y (0l Vsag o ¥ lale el Jol atin )3 o33 ol o ol SISk 25,

Py Y gag )8 Vo a8l cpal clale

Staircase regime: plants under this regime, at first week, received 4 uM Fe then 2 uM was added to Fe concentration weekly, to reach

30 uM.
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Figure 1- Leaf photosynthetic pigment concentrations (a: Chl a; b: Chl b) in Calendula officinalis (LSD, p<0.05)
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Staircase regime: plants under this regime, at first week, received 4 uM Fe then 2 pM was added to Fe concentration weekly, to reach
30 pM.
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Figure 2- Leaf photosynthetic pigment concentrations (a: Chl a+b; b: Carotenoid) in Calendula officinalis (LSD, p<0.05)
Calgg > 15 alal 38l > al CLlE 4y Vgos Soo 53 atie a5 153, €l ) ] Vges S ¥ clale s gl ain )3 @25 cnl co8 LS L 0"
o) Vsag,800 Yo a8 ol clalé
Staircase regime: plants under this regime, at first week, received 4 uM Fe then 2 uM was added to Fe concentration weekly, to reach

oS (45 5 (oS Slogad S yoSslil Jl )y (V0)
\:.3\4“,) u—“i PR du l . P 1 L;" .
3 b gme inliEl el al Gl Gials ol s (Y geg e
Slals 5 Soys8nl aul 5l osliznl 53 jlawSTy w5l cdld

25l b Shals 4y s e pal Yseg)Seo o slag oo
SanpsSonl losi o] Y slacdile 1548 Jbo 5 e JamaSly
o gl L oS (V5) 1 ol el called Laal58 4 e
NyogySan ¥ Calé ) o2litul & 5o 4 cudls clba pils

1- Pelargonium graveolens L.

30 pM.

ST 0l by eS g oy ol olib o3l LS
¥l ot alS )3 oy 4 ($ods p)S p oly +/0 = /V5F)
loe ey oS 53 al 29108 ud o> SIS w23 9 Y9095
SLadssS JSi 4 oxie 45 29800 Cguome 0k pd (A Sy
20,5 o ST b
oS i Ty i JpSlge jen] b losisS
et S 4 wSTI DNA 5 ool Lo &g, 3 les o
5 ablio glys oLS slapuslSs jI (S Slaws] ‘_g»j db’rv?.}ﬂ
Lt eS| st gladssS | b aslaws] o)lus ials



YOO L dduod olS (pulS Gluogas 9 olwowdign «(S25algd 90 liio (B 0 1 o] S 023 3 ool Alido glocdale 3T
Gl
06 g 3 o
a ] ab a
! z 05 e 5 25
b j ; b
i <2 b é:‘ iy s
1 91
53k : 125 s R
! i E I a E\ %IJ X
4 EEJ, 0.- \] T’: EIJ 1 S
~d S g ¥
A 01 [i g 05 4]
0 TEoo
4 Staircase regime 35 S 4 Staircase regime 35
(Ysa3750a) (YyogSea) ]
Fe (uM) Fe(uM)

Sl Alpod Sy 0yl ;3 (&) T 65 (yglle CdAlE o (W) jlamnSTy oo 3T Called Y IS5
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Table 3- Gas exchange measurements of Calendula officinalis under different Iron regimes
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Table 4- Means comparison of gas exchange measurements of Calendula officinalis in two stages (Stage 1: plants under
Staircase regime received 16 uM Fe and Stage 2: plants under Staircase regime received 26 UM Fe) under different Iron
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Introduction: While Iron (Fe) is the fourth most abundant element in the earth’s crust, it is not easily
available for plant roots. Therefore, Fe deficiency is one of the major limiting factors for plant growth and
development in calcareous soils worldwide. Fe deficiency are also predominant in many areas of Iran. It is an
essential micronutrient for plants that play vital roles in many metabolic processes. Fe is a component of a
number of molecules such as Fe-sulfur (Fe-S) and heme Fe proteins, which are required for photosynthesis,
respiration and N fixation. However, the possibility of using split-type fertilization at different growth stages
during development has been explored in other plant species for macronutrients N, P, and K. The aim of this
work was to test the hypothesis that it may be feasible to decrease Fe-chelate inputs, by studying the effect of
gradually increasing of Fe concentration during Calendula officinalis growing period.

Materials and Methods: In order to study the effect of gradual increase of Fe concentration during
Calendula officinalis growing period, an experiment was carried out as a completely randomized design with
four replications (pots) at research greenhouse of Faculty of Agriculture, Lorestan University, in 2017.
Treatments contained three levels of Fe (Fe-chelate Fe (111)- Ethylenediamine-N, N' —bis ((2-hydroxyphenyl)
acetic acid): 4, 20 uM and staircase method. Staircasetreatment included increase of Fe concentration, so that at
first week plants received 4 uM Fe then 2 uM was added to Fe concentration weekly, to reach 26 uM. Some
morphological, physiological parameters, flower characteristics and gas exchange had measured. Data of all
measured parameters were subjected to analysis of variance using the SAS software (9.1.3, SAS Institute Inc.),
and means were compared using a Duncan test at P<0.05.

Results and Discussion: Results showed that the application of 4 uM Fe led to higher root volume, and
peroxidase activity. Romera et al. (2011) reported that under Fe deficiency, strategy of plants developed
morphological changes in their roots and up-regulated the expression of Fe acquisition genes. Under Fe
deficiency some phytohormones such as ethylene and auxin will increased. Both hormones play pivotal role in
the development of sub-apical root hair and transfer cells. Sepahvand et al (2017) investigated the effect of
ascorbic acid on pelagonium graveolens characteristics under Fe deficiency and found that peroxidase activity
increased under Fe deficiency. Application of ascorbic acid led to decrease peroxidase activity. Maximum
biomass was obtained in plants under 35 UM Fe and staircase treatment. Maximum chl a and b, chl a+b,
carotenoids, root dry weight, flower diameter, flower longevity, number of flowers, and first flower fresh weight
was observed in the plants under staircase treatment. Fe plays important role in biosynthetic pathway of
chlorophyll and carotenoids. In addition, plants under staircase treatment showed the maximum photosynthesis
and transpiration rate. Kong et al. (2014), reported that Fe deficiency led to decrease of 8- aminolevulinic acid
and protochlorophyllide as precursors of chlorophyll. Ethylene and ABA are involved in Fe-deficiency
signalling in plants, and these compounds may hasten senescence (Satoh, 2011). The short flower lifetime found
in the present experiment in the low Fe treatment may be due to the boost in ethylene and ABA synthesis in
response to Fe deficiency. On the other hand, plants under staircase regime had higher photosynthetic pigments
that led to maximum photosynthesis. Increasing flower quality, quantity and longevity related to higher
photosynthesis activity. Iron is a component of a number of proteins and enzymes, such as iron-sulfur (Fe-S)
proteins and non-heme iron proteins, which are required during photosynthesis (Chakraborty et al., 2012). Li et
al. (2016) investigated the influence and interaction of Cadmium (Cd) and Fe on photosynthesis and reported
that Cd inhibits photosynthesis activity, but Fe alleviates the Cd-induced changes in photosynthesis activity. In
addition, higher MDA contents were observed in plants under 35 UM Fe and staircase treatment. Li et al. (2012)
reported that the high levels of Fe led to maximum MDA contents.

Conclusion: Growing the plants with staircase treatment increased flower yield, quality and longevity. These
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parameters are the most important factors in growing of ornamentals plants. Whereas Fe fertilizers are so
expensive, restricting the use of expensive products such as Fe (lll)-chelates at some growth stages can
contribute to decrease the cultivation costs and minimize environmental pollution associated to an excess of
fertilizer inputs. Therefore, gradually increasing Fe concentrations during production of Calendula officinalis
under soilless culture would be recommended.
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