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Annual changes of iron, manganese, zinc and copper
concentrations in both types of citrus fruit
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Abstract: Annual changes in concentrations of iron(Fe), manganese(Mn ), zinc Zn)and copper (Cu )w ere measured in

whole fruits from parthenocarpic Kamei satsuma mandarin (Citrus unshiu Jand self-pollinated Egan 1 tangerine(C.re-

ticulata dtrees. The results were showed as follows: (1)Zn and Cu concentrations in the ovary of Kamei were relative -

ly high before flow ering and at full bloom, and decreased after flow ering, whereas those of Egan 1 decreased obviously

and were relatively low at full bloom, thereafter significant increases were observed. There were no significant differ-

ences in changes of Fe and Mn concentrations in the ovaries (fruitlets )hetw een the two cultivars, which presented sim -

ilarly decreasing trends after flowering. (2)Fe, Mn, Zn and Cu concentrations were relatively high in whole fruits of

both cultivars during young fruit development, and decreased remarkably during early fruit enlargement (drought

spell), whereas increased dramatically at the middle stage of fruit enlargement, thereafter decreased gradually. Dy-

namics of micronutrients concent rations in developing fruit and their possible relation with fruits development is dis-

cussed herein.
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Fruit mineral concentrations have been related
to ripening, internal disorders and disease severity
in number of fruit (Marcelle, 1995; Tagliavini et
al.,2000). In order to manipulate mineral content
and balance in fruits, it is important to know the
dynamics of nutrients accumulation in developing
fruits. Although there are many reports about dy-
namics of mineral nutrients uptake by fruit during
fruit development (Zavalloni et al., 2001; Storey &
T reeby, 2000, 2002; Xiao et al., 2004b, 2005), as to
seasonal trends of micronutrients such as Fe, Mn,
Zn and Cu in whole fruits from parthenocarpy and
self-pollinated citrus cultivars remain obscure and

no prior studies have been com paratively analyzed.
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It has been reported that dynamics of Ca, K, B and
Mg throughout fruit development of the two typi-
cal citrus cultivars, which indicated that stimulation
of fertilization was very important to Ca and B up-
take by seedy fruit, whereas there was not direct
relationship between K and M g uptake by fruit and
fertilization (Xiao et al., 2004a, b, ¢, 2005). Many
reports demonstrated that Fe and Mn, similar to
Ca, were difficult to move and be recycled in most
phloem of plants, while Zn and Cu were character-
ized as being intermediate phloem-mobile (M ar-
schner, 1995). As for partheno carpic satsuma man-
darin and self-pollinated tangerine, it” s not very

clear that whether or not the same mechanism is
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involved. Therefore, in the present work, the annu-
al changes of Fe, Mn, Zn and Cu concentrations
were investigated in the ovaries (fruitlets ) and
whole fruits from parthenocarpic satsuma mandarin
and self-pollinated tangerine trees, with the aim of
identifying variations of Fe, Mn, Zn and Cu nutri-
ents uptake by fruit and their possible relation with
fruit development, which will play a theoretical and

basic role in taking practical steps for production.

1 Materials and methods

Samples were collected from 8-year-old trees
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Fig.1

of satsuma mandarin (Citrus unshiu cv.Kamei)and
self-pollinated tangerine (C. reticulata cv. Egan 1)
grafted on trifoliate orange rootstock (Poncirus tri-
foliata)growing at the experimental orchard of Re-
search Institute of Fruit Tea Hubei A cademy of
Agricultural Science of China. The experiment was
a randomized complete block design with three rep-
lications, plots consisted of five trees of each culti-
var. Fruits were collected from before flowering to
final harvest. Around flowering, ovaries or fruit-
lets were sampled every 6—7 days, and then sam-
pled every half a month. 2—5 fruits(20— 50 ova-

ries or fruitlets around flowering) were collected
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Changes in concentrations of iron (A), manganese (B), zinc (Cand copper (D)in the ovary (fruitlet Jaround

dtrus flowering. DM, Dry mass. LSDyos was value of the least significant difference (P<0.05). The same bellow .

from each tree at each harvest. Fruits were repre-
sentative of average size of fruits on each tree. Af-
ter sampling, the whole fruits were dried to con-
stant weight in an oven at 75 G, milled through a
0.5 mm stainless steel screen and stored in air-
tight glass container for subsequent analysis.

Fe;, Mn, Zn and Cu concentrations were meas-
ured by an atomic absorption spectrophotometer
(Varian SpectrA A-220)according to the method as
described by Zhuang (1994). M ean separation was
performed by analysis of variance followed by a
test for the least significant difference with a prob-

ability of 0.05(LSDo.os).

2 Results and analysis

2. 1 Changes in concentrations of Fe, Mn, Zn and Cu
in the ovary(frutlet)around flowering

Dynamics of Fe and Mn concentrations were
similar in the ovaries(fruitlets )between Kamei and
Egan | around flowering (Fig.1: A, B). Fe and Mn
concentrations in the ovaries of both cultivars were
relatively high from-6 to 0 days after full bloom
(DAFB), thereafter gradually decreased. In addi-
tion, Fe and M n concentrations in fruitlet of Kamei

were relatively higher than those of Egan 1 from 27
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to 44 DAFB.

Changes of Zn and Cu concentrations in the o-
varies (fruitlets) were obviously different between
the two cultivars (Fig. 1: C, D). Zn concentration

was relatively high in the ovary of Kamei before
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flow ering, followed by a progressive decline coming
to the lowest value at 44 DAFB, whereas that of
Egan 1 was relatively low at flowering, thereafter
increased significantly and reached the peak at 20
DAFB, thereafter decreased (Fig.1:C).
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Fig.2 Changes in concentrations of iron(A), manganese (B), zinc(C)and
copper (D)in whole fruit during citrus fruit development

Similarly, Cu concentration in the ovary of Ka-
mei was at relatively high level before flowering
and at full bloom, thereafter decreased progressive-
ly, whereas that of Egan 1 decreased significantly
and remained relatively low at flowering, and sig-
nificant increase was detected at 7 DAFB, thereaft-
er presented decreasing trend (Fig.1: D).

2.2 Changes in concentrations of Fe, Mn, Zn and Cu
in whole fruit during fruit development

Seasonal trends were the same in whole fruits
for micronutrients betw een Kamei and Egan 1(Fig.
2). During young fruit development(from 61 to 72
DAFB), Fe; Mn, Zn and Cu concentrations in whole
fruits were relatively high, followed by decreases to
the relatively low values at 96 DAFB, whereas sig-
nificantly increased at 112 DAFB, with exception of
Cu in whole fruit from Kamei that changed slightly
to 141
DAFB, thereafter presented decreasing trends up to
final harvest. In addition, from 61 to 112 DAFB, Fe

and M n concentrations in whole fruit of Kamei was

and remained relatively high from 61

relatively higher than that of Egan 1 (Fig.2: A, B),
while fruit Zn concentrations were significantly

higher in Kamei than in Egan 1 from 112 DAFB to
final harvest (Fig. 2: C).

3 Discussion

The present research shows that Zn and Cu
concentrations in the ovary (fruitlet) from parthe-
nocarpic Kamei satsuma mandarin were at relative-
ly high levels before flowering and at full bloom,
thereafter decreased, but Zn and Cu concentrations
in the ovary (fruitlet) from self-pollinated Egan 1
tangerine was in the reversed trend, being at rela-
tively low level at full bloom, and significantly in-
creased after flowering (fertilization finished ),
which were similar to Ca and B uptake by seedy
fruit (Xiao et al., 2004a, b, ¢). However, no signifi-
cant differences in changes of Fe and Mn concen-
trations were observed in the ovaries (fruitlets )be-

tween the two cultivars, which showed decreasing
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trends after flowering, as revealed by Fig. 1, indica-
ting that there was no direct relation between the
uptake of Fe and Mn by fruit and fertilization,
which were similar to K and M g found in other cit-
rus fruit Xiao et al., 2004h, 2005). Tt has been re-
ported that seeds in self-pollinated fruit are impor-
tant sites of hormone production, especially auxin
and gibberellin, that can enhance fruit growth and
facilitate mineral elements(Xiao et al., 2004c; Buc-
cheri & Vaio, 2004). The data from current work
show that change patterns of Zn and Cu between
parthenocarpy and self-pollinated ovary (fruitlet )
were reverse around flow ering, whereas those of Fe
and Mn were of little differences (Fig. 1). Thus,
the differences in Fe, Mn and Zn, Cu nutrients up-
take by ovary(fruitlet)and their metabolism in the
ovary (fruitlet Jaround flowering may be related to
endogenous phytohormones and interactions be-
tween mineral elements.

The results of the present study demonstrate
that Fe Mn, Zn and Cu concentrations in whole
fruits of both cultivars experienced sharp decreases
during early fruit enlargement (at 96 DAFB)and
dramatic increases at the middle stage of fruit en-
largement (at 112 DAFB) (Fig.2), which were simi-
lar to dynamics of B in the pulp during the same
time (Xiao et al., 2005). In 2003, severe drought
experienced in Huazhong district of China during
early fruit enlargement, which induced that micro-
nutrients concentrations decreased dramatically in
fruit because fruit growth and development were
seriously restrained during this time (eg. at
96DAFB), while fruit growth came back to normal
situation at 112 DAFB, micronutrients concentra-
tions increased rapidly in fruit (Fig.2), this season-
al trends were conspicuously different to accum ula-
tion characteristics of macronutrients such as Ca, K
and Mg reported before in both types of citrus fruit
(Xiao et al., 2004a b, 2005).
thought that the stage of fruit enlargement was the

Therefore, we

key phase for micronutrients uptake by fruit, al-

though the accumulations of Fe, Mn, Zn and Cu
were strongly affected by environment stress such

as drought.
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