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ABSTRACT

This experiment was conducted to study the variation of active iron (Fe) content in leaves of satsuma mandarin
(Citrus unshiu) grown in the calcareous soils of eastern Mazandaran. The experiment was conducted in split
factorial in the form of a randomized compl ete block design with four replications. The main factor was date (March
16, April 25, June 5 and July 16), and the sub factors were soil (three soils with different calcium carbonate content)
and rootstock (sour orange, citrumelo and troyer citrange). Results indicated that bicarbonate concentration was
different in four dates. Bicarbonate concentration reduced in date four and in soils one and two; however, it
increased in date four and soil three, and in the second sampling date, bicarbonate concentration was higher in soil
three than other soils. Generally, the highest active Fe content was achieved in date four, soil one and troyer
rootstock.
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INTRODUCTION

Evergreen citrus shrubs are from Rutaceae familh wiree main genera: poncirus, fortunella andusitf18].
Poncirus has leaves with three leaflets and vetterbiruits which are not edible. Fortunella haktigely small
leaves along with olive shaped fruits commonly knoas kumquat. Citrus, a very well known genus ¢dceae
family, includes major species such as oranges,@@nges and mandarins. Satsuma (unshiu) is tis¢ important
early cultivar of mandarin, which is resistant tddcstress.

Selection of a suitable rootstock for each area igry important point which must be conducted dase the
cultivar of scion, environmental and soil condiprand the common diseases of the area. The mashao

rootstocks in Mazandaran province of Iran are sotange, citrange, poncirus and citrumelo [10]. Itrus

cultivation, soil physical properties are importaicause of the effect of soil aeration and pehiitsa The most
favorable soil pH for citrus plants is 6-7.5. Mastn soils have high calcium carbonate content Wwimcreases soll
pH and interferes with the absorption of P, Fe @mg lower Fe absorption means lower yield in frirges,

especially in citrus [8].

Results of a study indicated a sever reductiorigidyof two peach cultivars (Carson and Babygoltgew cultivated
in calcareous soil. The yield was 50-60 t/ha immarsoil; however, reduced to 12-15 t/ha in caleasesoil [20]. In
experiments conducted to detect Fe deficiency imgdeaves of avocado by phenanthroline, it wag#tdd that
Fe (Il) content was higher in green leaves thateaves with chlorosis symptoms [1]. Different expents are
conducted to study the resistance of citrus plémtEe deficiency in soil and in nutrient solutidResults were
different in soil experiments and nutrient solutexperiments; overall result of these experimemdgcated that sour
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orange and troyer rootstocks were more tolerafetaeficiency compared with citrumelo [4, 21]. 8w objective
of this experiment was to study the variation dfivec Fe content in leaves of satsuma mandaCitris unshiu)
grown in calcareous soils of eastern Mazandaraviqoe, Iran.

MATERIALS AND METHODS

This pot experiment was conducted in 2011 at theicAjural and Natural Resources Research Statibn o
Mazandaran Province (Pahnab Juybar Stationr536N, 5255' E and 11 m above the sea level), Iran. The laas a
temperate climate with loam soil texture. Othet pobperties are listed in Table 1.

Table 1. Physico-chemical properties of the testtsisoil.

Soil sample (d';?ﬁl) pH TNV (%) ocC @) K Mg M';ig'l Mn Zn_ Cu
1 064 73 5 107 15 403 490 44 83 3 32
2 089 763 12 17 17 504 690 121 102 38 34
3 061 78 189 18 14 360 537 87 79 069 27

The experiment was conducted in split factorialthe form of a randomized complete block design vidhr

replications. The main factor was sampling dater(¥al6, April 25, June 5 and July 16), and the fawibors were
soil (three soils with different calcium carbonatstent) and rootstock (sour orange, citrumelotamyger citrange).

First of all, soil samples were taken from thedi€¢D-40 cm) and were passed through a 2 mm sidveseT soll
samples were used to determine the physico-chemiogkrties [14] on one hand, and to fill the pmtsthe other
hands.

Atfter filling the 20 kg pots (30 cm diameter x 36 @ept), one year old satsuma mandarin plantsegrafh sour
orange, citrumelo and troyer were planted in this.pbhe first sampling was conducted on March dénfthe soil
around the roots in pots. Theses samples were,dniaghed and passed through a 2 mm sieve. Satuiate was
prepared from these soil samples and extraction a@agucted using vacuum pump. Bicarbonate contetiied
extraction was measured by titration with sulfuriéd 0.05 normal.

The first sampling from young leaves was conductediarch 16. One gram of leaf blade except forrtfaén vein
was weighted and grinded in Chinese mortar. Aftidireg orthophenanthroline 1.5% with pH of 3, anteaR0
minutes, samples were ready for extraction. Fe ddijtent in the extract was determined by specttmpheter
(model, Pharmacia; wavelength, 510 nm) [1]. Otlmnles were taken in the mentioned dates. Data avexlyzed
using MSTATC, the relation of soil solution bicartade content with leaves active Fe content in diffe soils was
evaluated using regression equations, and finalbans were compared by Duncan's multiple rangé¢Re8t05).

RESULTS AND DISCUSSION

Results indicated the effect of soil on leaves é@ent £<0.01); the effect of date and rootstock was natifigant.
Moreover, the interaction of date x soil, date ststock, and date x soil x rootstock had also aifsdgnt effect on
leaves Fe content. The highest leaves Fe cont8rt4angkd) was achieved in date four, which was 71.9% higher
than date two (Fig. 1). Abadia et al. [6] reportiedt Fe induced chlorosis in a garden varied ifedéht times.

Among different soils, soil one had the higheseefffon leaves Fe content (Fig. 2). This resulbiagreement with
those of Mengel et al. [11] and Tagliavini and Ratab[16]. They reported that soil texture, calcigarbonate
content and organic matter affect Fe deficiencylants. Results of this experiment indicated thaydr had the
highest, and citrumelo had the lowest effect owdsa-e content (Fig. 3). Manthey et al. [9] alsporéed that the
ability of plant roots to absorb Fe is differentighe processes in rhizosphere affect Fe deficiency

Studying the interaction of soil x date indicathdttin all soils, the highest leaves active Fe ennivas achieved in
date four and the lowest was achieved in date wich increased by 71.9, 58.4 and 86.5% in soiks, &wo and
three, respectively (Table 2). Wallihan et al. §8lidied orange trees cultivated in calcium carbmmiath soils in
different times and concluded that when the tentpezavas 16, Fe chlorosis was higher than the temperature of
19-22C. They reported that the symptoms of Fe deficieany more common in spring, mainly due to high
precipitation which makes soil saturated, incredsedrbonate content and low temperature.
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Figure 1. The efect of sampling date on leaves active Fe content.
Ti, March 16; To, April 25; T3, June 5; T, July 16.
Same letters indicate no-significant differences between the treatment$€0.05).
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Figure 2. The effect of soil on leaves active Ferdent.
Sy, soil one; $, soil two; S, soil three.
Same letters indicate no-significant differences between the treatment$&0.05).
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Figure 3. The effect of rootstocks on leaves actie content
R1, sour orange; R, citrumelo; Rs, troyer.
Same lettersindicate nor-significant differences between the treatment$€0.05).
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Table 2The effect of interaction of soilx date on leaves active Fe content (mg Ry

Date - S.Oil -
Soilone  Soiltwo  Soil three
March 1¢  19.38b 15.44c 13.91cd
April 25 13.15cd  11.71cd 10.81d
June'! 15.18¢c 13.61cd 13.57cd
July 1¢ 22.61a 18.55b 20.17ab
Same lettersindicate non-significant differences between the treatments (p<0.05).

Studying the interaction of rootstockdateindicated that in all rootstocks, the highest leagetive Fe content wi
achieved indate four and the lowest was achieve date two. Active Fe content was the highest in ssange >
date four and the lowest in citrumelo x date (Fig. 4).
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Figure 4. The effect ofinteraction of rootstock x dateon leaves active Feontent.
R1, sour orange; R, citrumelo; Rs, troyer.
Ti, March 16; T,, April 25; T 3, June 5; Ty, July 16.
Same letters indicate no-significant differences between the treatment$€0.05).

Studying the effects of rootstockseil interaction showed that troyer x soil one liagl highest active Fe conte
(18.66 mg k) which was12.4% higher than sour orange x soil . In soil two and three, sour orange had hic
active Fe conterbut citrumelo had lower effect (Fe content (Table 3). This result was found in otheeriment:
[5, 7, 13, 17]. Nikolic and Romheld 3] reported that high bicarbonate content in soil tmtuis not the only factc
that increases soil pH amhctivate Fe in leaves, but root reaction in défe soils is also importa

Table 3. The effect of interaction of rootstocixsoil on leaves active Fe content (mg R

Soil
Soilone  Soiltwo  Soil three
Sourorang 16.6abc  15.39bcd  15.92bcd
Citrumelc 17.47ab  14.25cd 13.28d
Troyel 18.66a  14.85bcd  14.65cd
Same lettersindicate non-significant differences between the treatments (p<0.05).

Rootstocl

The threefold interaction of soil x rootsto x date indicated that leaves active Fe content2gasl m(kg™ in date

four x soil one x troyerand reduced to 9.54 1 kg® in date two x soil three x citrumeltn soil twe, active Fe

content in date four x sour orange was 87.7% highen date three x citrumelo (Table Pestana et al. [15]
reported that different citrus species have difieability in Fe absorptiorMaribela et al[19] and Hamze et al. [12]
also studked citrus trees in calcareous soils icategorized trees to four groups including higtdgistant, partiall

resistant, semi resistant and maesistant, based on chlorosis symptoms inducednhg. lin their categorizatiol

citrumelo was non-resistant@itroyer was semi resista
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Table 4. The effect of threefold interaction of rootstock x soil x date on leags active Fe conter (mg kg?).

Date Soil one Soil two Soil threx
Sour orange  Citrumelo Troyel  Sour orange Citrumelo  Troyer  Sour orang€itrumelc  Troyer
March 16 18.6b-g 18.85a-g 20.67«e 15.24dj 15.46¢i 15.61c-i 15.52c-i  12.49jj 13.73g-j
April 25 11.61ij 14.22fj 13.62¢j 11.62ij 11.41ij 12.11ij 12.4ij 9.54] 10.48ij
June 5 15.02e+j 14.55fj 15.96¢i 14.96e-j 10.51ij 15.36¢-j 14.78fj 12.66h-j  13.28g-j
July 16 21.16abc 22.25ab  24.41: 19.73a-f 19.63a-f  16.31c-i 20.98a-d 18.42b-h  21.1la-c

Same lettersindicate non-significant differences between the treatments (p<0.05).

Results of this experiment indicated tldate and the interaction of date x soil signifibamtffected leaves F
content ap<0.01; the effect of soil was also significanip<0.05. The highest bicarbonate content was obsernv
date one which was 31.27% higher than date two. &)i These reults are in agreement with thoseZuo et al.
[22].

A
1500 -
- B
3 B B
[y
8 1000 -
Q
RS
[@)]
8 E 500 -
[
Q
o]
% 0 T T T 1
(9]
T1 T2 T3 T4
Date

Figure 5. The effect of sampling date obicarbonate content.
Ti, March 16; To, April 25; T3, June 5; T, July 16.
Same letters indicate no-significant differences between the treatment$€0.05).

The highest bicarbonate content in soil solutiors whserved in soil two whicreducedby 18.18% in soil three
(Fig. 6).The interaction of date x soil significantly affedtsoil bicarbonate content; the highest bicarl®nahten

was observed in datene x soil two (1881 n I") and the lowest in date one x soil three (711." 1) (Fig. 7).

Same results were reported by Aleaaet al. [2]. They studieffe deficiency in various trees and reported thgi

precipitation makes the soil saturatédcreases bicarbonate content, inhibits root depremt and reduces |

availability to plants.
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Figure 6. The effect of soil on bicarbonate conter
Sy, soil one; S, soil two; S, soil three.
Same letters indicate no-significant differences between the treatment$€0.05).
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Figure 7. The effect of interaction of soil x dat®n bicarbonate content
S,, soil one; g, soil two; S, soil three.
Ti, March 16; T,, April 25; T 3, June 5; Ty, July 16.
Same letters indicate no-significant differences between the treatment$€0.05).

CONCLUSION

Results of this experiment generally indicated soil bicarbonate content varied in different tinin the way that it
reducedn date four in soils one and t but increased in date four in soil three. In date,tbicarbonate content w
the highest irsoil three. The highest active Fe content in leavas achieved isampling date four. Soil one had
highest effect on active Fe conteimong the rootstocs, troyer had the highest, and citrumelo had the#b effect
on Fe content. Briefly, troyer rootstock x soil onelate four had the highest effect on active Fetertt in leaves
but citrumelo x soil three x date two had the lovedfect
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