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ABSTRACT
Mineral peach leaves contents were investigated for three periods to
assess the response of peach trees to iron chelates in EDDHA-Fe form
addition. Two peach varieties: Elegant Lady and Carnival were
considered and received four treatments of iron chelates (Tc, T1, T2
and T3 corresponding on 0, 20, 40 and 60 grams (g) of chelates/tree).
Results showed that iron chelates improved significantly nitrogen
assimilation by plants and T2 and T1 were the most effective for
Elegant Lady and Carnival respectively. In addition, iron chelates
decreased foliar potassium and magnesium which indicated an iron
deficiency correction. However, iron mobilisation through leaves was
improved at 60 and 90 Days After Full Bloom (DAFB) for Elegant Lady.
So, 60 and 90 DAFB are recommended as the best dates for foliar
diagnosis for Elegant Lady and Carnival respectively.
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INTRODUCTION

Peach (Prunus persica L. batsch) is the third
cultivated fruit tree in world (Mamouni, 2006).
However, iron chlorosis resulting to iron deficiency at
its active form in soil, is the major problem affecting
peach nutrition in Mediterranean region with
calcareous soil, high pH etc. . In fact, iron
solubilisation depends on many soil factors (texture,
pH, active lime, % of organic matter) (Guardia et al.,
1995; Hansen et al., 2007; Rombolà and Tagliavini,
2007). In order to correct iron deficiency, farmers
use available rootstocks (Ryser and Heller, 2006)
and supply synthetic iron chelates. Thus, the soil
application of iron chelates is considered as the most
oil application of iron chelates and is considered the
most common and the most effective method
(Hernàndez-Apaolalza et al., 1997). In addition, iron
deficiency affects peach nutrition. In fact, iron has
physiological functions in plants: respiration, nitrates
reduction and photosynthesis (Perez and Mong,
1995). Ryser and Heller (2006) demonstrated that
chlorophyll synthesis is the principal function of iron.
In this way, we investigated to correct iron chlorosis
on two peach trees. In this way, we investigate to
show the mineral correction and evolution on leaves
in response to iron chelates addition. Then, three
dates for foliar diagnosis were considered (60, 90
and 120 Days After Full Bloom (DAFB)) to determine
Nitrogen, Phosphor, Potassium, Calium, Magnesium
and Iron (N, P, K, Ca, Mg and Fe) foliar contents.
2. MATERIAL AND METHODS

treatments of iron chelates on the ethylenediamineN, N'-bis (2-hydroxyphenylacetic acid-Fe (EDDHAFe) form (Tcontrol, T1, T2 and T3 corresponding to
0, 20, 40 and 60 g/tree respectively) were applied on
the soil. For each repetition of the treatments four
lines with four trees each (16 similar trees in total)
were considered. Doses of iron chelates were
applied on soil near root zone five times during the
vegetative period. The first application was added at
full bloom (100% flower) and the others were
effected between fruit training stage and a week to
ten days before harvest.
2.3

Foliar diagnosis and analysis

Leaves sampling were defected in three replicates at
60, 90 and 120 DAFB. Each sample represents 80
leaves. Leaves were selected then conducted to the
laboratory, washed with distilled water, dried at 65°C
until weight stabilisation and crushed. The collected
dry matter was stored for ulterior uses. One g of dray
matter (DM) was calcined at 450°C and the ash was
extracted with Nitric Acid (1N) solution to determine
P, K, Ca, Mg and Fe concentrations. Indeed,
phosphorus was determined by a spectrophotometer
according to the Olsen method as enounced by
Pawels et al. (1992). Potassium and calcium were
determined by a flame spectrophotometer (Pawels et
al., 1992). Magnesium and iron were determined by
atomic spectrophotometer as enounced by (Pawels
et al. (1992).
The rate of total nitrogen was calculated after
digestion, distillation and acid titration of a 0.1g of dry
matter according to the kjeldhal method enounced by
(Pawels et al. (1992).

2.1 Field characteristics
Experience was conducted during the 2006 and 2007
companies in an irrigated orchard in the North of
Tunisia. Experimental situ belongs in a semi-arid
climate and is characterised by a calcareous soil with
12% of active lime, high pH value (=8) and a low rate
of organic matter.

3.

DATA ANALYSES

2.2 Plant material

4. RESULTS AND DISCUSSION

Ten years old peach trees varieties Elegant Lady
(seasonal variety) and Carnival (latest variety)
grafted on the GF-677 rootstock and planted in a
Tunisian calcareous soil were considered. For both
varieties, the experience was a randomized block
with three blocks (repetitions). For each block four

4.1 Mineral Leaves Evolution for Elegant Lady
Peach Trees

Results were statistically treated using the
STATITCF software with the Fisher test “F” in a 95%
confidence interval.

The evolution of elemental contents on leaves of
Elegant Lady variety and corresponding to the
different treatments is represented by Table1.

207

Gharbi and Sanaa / Greener Journal of Agricultural Sciences

Table 1 : Total Nitrogen, Phosphorus, Potassium, Calcium, Magnesium and Iron levels evolution on
leaves corresponding to Elegant Lady variety (Tcontrol= 0 grams, T1=20 grams, T2=40 grams and T3=
60 grams of iron chelates)
DAFB
Treatments
Tcontrol
T1
T2
T3
60
3.02 ± 0.00 bc
3.20± 0.26 b
3.81± 0.13 a
3.15± 0.35 b
totalN (mg/g)
90
2.83± 0.00 bc
3.00± 0.09 bc
3.12 ± 0.14 b
3.19 ± 0.23 b

P (mg/g)

K (mg/g)

Ca (mg/g)

Mg (mg/g)

Fe (mg/kg)

120
60

2.91± 0.00 bc
0.20 ± 0.00

2.90± 0.04 bc
0.20 ± 0.05

2.81± 0.14 bc
0.22 ± 0.02

2.59± 0.28 c
0.21± 0.01

90

0.20 ± 0.00

0.19 ± 0.02

0.18 ± 0.02

0.18 ± 0.01

120
60

0.18 ± 0.00
2.4 ± 0.00 d

0.19 ± 0.01
2.63 ± 0.06 cd

0.19 ± 0.01
2.73 ± 0.31 cd

0.14 ± 0.01
2.27 ± 0.47 d

90

3.9 ± 0.00 a

3.1 ± 0.36 bc

3.37 ± 0.12 ab

3.47 ± 0.31 ab

120
60

3.3 ± 0.00 ab
3.00 ± 0.00 a

3.4 ± 0.1 ab
2.27 ± 0.12 c

3.42 ± 0.24 ab
2.30 ± 0.10 c

3.37 ± 0.31 ab
2.70 ± 0.12 b

90

1.60 ± 0.00 d

1.50 ± 0.20 d

1.50 ± 0.10 d

1.57 ± 0.15 d

120
60

1.50 ± 0.00 d
0.68 ± 0.00

1.37 ± 0.26 d
0.58 ± 0.04

1.27 ± 0.12 d
0.50 ± 0.07

1.37 ± 0.23 d
0.62 ± 0.09

90

0.56 ± 0.00

0.48 ± 0.03

0.50 ± 0.03

0.47 ± 0.04

120
60

0.78 ± 0.00
236.30 ± 0.00 a

0.60 ± 0.06
143.83 ± 11.54 bc

0.57 ± 0.03
162.33 ± 43.33 b

0.65 ± 0.07
147.37 ± 18.37 bc

90

211.30 ± 0.00 a

124.53 ± 9.08 bc

106.93 ± 1.46 c

134.70 ± 23.22 bc

120
164.20 ± 0.00 b
123.40 ± 1.87 bc
131.67 ± 16.25bc
140.93 ± 35.45 bc
Averages in the same row’s table and which are not followed by the same letter are significantly different with
at the risck of 5% (test of Newman and Keuls).
4.1.1 Nitrogen evolution
At 60 DAFB, chelates in EDDHA-Fe form contributed
with roots on nitrogen assimilation through soil
solution and leaves corresponding to treatment T2
(40 g/tree) showed the highest concentration of
nitrogen in their tissues (3.81 %). In addition,
between 90 and 120 DAFB, nitrogen mobilization
from leaves to fruits was improved by EDDHA-Fe
addition, and T2 and T3 (40 and 60 g/tree
respectively) were the most effective at this period.

trees and T1 (20 g/tree) was the most effective
treatment. Indeed, excess of potassium in leaves
indicates an iron deficient situation which was
corrected by iron supplement on EDDHA-Fe form.
These results confirm those enounced by Larbi,
(2003) and Mahmoudi et al. (2005) which proved that
chlorotic leaves store potassium in their tissues as a
response to an iron deficit.

4.1.4 Calcium evolution
4.1.2 Phosphorus evolution
At 60 DAFB, T2 enhanced phosphor uptake by
plants more than T3 and the respective
concentrations were 0.22% and 0.20%. The lower
phosphor concentration resulting from higher iron
chelates doses could be attributed to the antagonist
effect of iron on soluble phosphorus on soil solution
as was demonstrated by Hansen et al. (2007). In
fact, they showed that excess of micro-elements (Zn,
Mn, Cu or Fe) inhibits the phosphorus’s liberation.
4.1.3 Potassium evolution
Between 90 and 120 DAFB, foliar potassium
concentration were very excessive but it decreased
on leaves corresponding to treated trees more than
on leaves corresponding to the no treated peach

Leaves calcium concentration were significantly
decreased, between 60 and 90 DAFB, for both
treated and no treated trees as a response of higher
levels of potassium at this period. In fact, a negative
interaction between potassium and calcium was
observed by Larbi et al. (2003) and GarciaHernàndez et al. (2006) in iron deficient leaves. This
is why K/Ca ratio increased for most treatments and
during vegetative cycle. In fact, it passes from 0.7-1.3
to 2-2.3 at this period. Addition of 20 g/tree was most
effective at the end and no significant differences
were observed.
4.1.5 Magnesium evolution
Magnesium contents on leaves was lower in treated
trees than no treated one through all foliar diagnosis
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dates and treatment T2 was the most effective at the
end of the vegetative cycle because it caused a
lower foliar magnesium level (0.57%). But no
significant differences were observed. Nevertheless,
higher levels of foliar magnesium contents observed
in leaves corresponding at non treated peach trees
(0.68% at 60DAFB and 0.78% at 120DAFB) indicate
a chlorotics situation of these trees as was
demonstrated by Pissaloux et al. (1995).

iron concentration (236.3% and 211.3% respectively)
which contrasts with the iron deficiency definition.
This phenomenon named iron paradox was defined
as physiological inactive iron storage on nervures of
chlorotics leaves (Alvarado et al., 1995).
4.2 Mineral Leaves Evolution for Carnival Peach
Trees
Evolution of mineral contents on leaves of Carnival
variety and corresponding to different treatments are
summarized on Table 2.

4.1.6 Iron evolution
At 60 and 90 DAFB, leaves corresponding to the
reference peach trees represent a significant high

Table 2: Total Nitrogen, Phosphorus, Potassium, Calcium, Magnesium and Iron levels evolution on
leaves corresponding to Carnival variety (Tcontrol= 0 grams, T1=20 grams, T2=40 grams and T3= 60
grams of iron chelates)
JAPF

totalN
(mg/g)

P (mg/g)

K (mg/g)

Ca (mg/g)

Mg (mg/g)

Fe (mg/kg)

Traitements
T1
T2
3.76 ± 0.11 a
3.22 ± 0.06 bcd

60

Tcontrol
3.25 ± 0.00 bc

T3
3.48 ±0.42ab

90

2.80 ± 0.00 def

2.98 ± 0.12 cde

3.04 ± 0.17 cde

3.03 ± 0.06 cde

120
60

2.55 ± 0.00 fg
0.21 ± 0.00

2.86 ± 0.10 cdef
0.21 ± 0.01

2.74 ± 0.03 ef
0.23 ± 0.01

2.37 ± 0.30 g
0.21 ± 0.02

90

0.22 ± 0.00

0.20 ± 0.02

0.23 ± 0.04

0.20 ± 0.02

120
60

0.17 ± 0.00
2.40 ± 0.00 d

0.16 ± 0.01
2.73 ± 0.21 c

0.20 ± 0.03
2.93 ± 0.12 c

0.21 ± 0,03
2.87 ± 0.12 c

90

3.50 ± 0.00 ab

3.83 ± 0.15 a

3.70 ± 0.17 ab

3.70 ± 0.26ab

120
60

3.60 ± 0.00 ab
3.80 ± 0.00 a

3.30 ± 0.35 b
3.07 ± 0.23 c

3.30 ± 0.00 b
3.07 ± 0.25 c

3.40 ± 0.00 b
3.43 ± 0.21 b

90

1.60 ± 0.00 d

1.70 ± 0.00 d

1.67 ± 0.06 d

1.63 ± 0.06 d

120
60

1.80 ± 0.00 d
0.63 ± 0.00

1.53 ± 0.06 d
0.53 ± 0.03

1.63 ± 0.15 d
0.56 ± 0.03

1.67 ± 0.06 d
0.60 ± 0.02

90

0.62 ± 0.00

0.51 ± 0.04

0.44 ± 0.02

0.52 ± 0.14

120
60

0.70 ± 0.00
142.20 ± 0.00 b

0.64 ± 0.03
141.93 ± 4.80 b

0.61 ± 0.06
227.43 ± 65.26 a

0.63 ± 0.01
139.70 ± 9.92 b

90

106.60 ± 0.00 b

114.53 ± 15.93 b

98.77 ± 6.08 b

122.43 ± 17.84b

120
128.04 ± 0.00 b
126.73 ± 20.48 b
129.33 ± 11.49 b
142.27 ± 28,95b
Averages in the same row’s table and which are not followed by the same letter are significantly different with
at the risck of 5% (test of Newman and Keuls).
4.2.1 Nitrogen evolution
At 60 DAFB, iron chelates addition improved
Nitrogen assimilation and highest foliar concentration
was 3.76% N for leaves corresponding to treatment
T1. However, between 90 and 120 DAFB, treatment
T3 (40 g/tree) was the most effective with 3.48% N (a
value near the norm proposed by (Gautier, 1975) and
it enhances nitrogen mobilization from leaves to
others parts of the plant and especially fruits.
4.2.2 Phosphorus evolution

Leaves corresponding to treatment T1 showed an
important decrease on phosphorus between 60 and
120 DAFB (from 0.21% P to 0.16% P). Nevertheless,
no significant differences were observed between the
different treatment with iron chelates and the control
plants that are no treated.
4.2.3 Potassium evolution
Foliar potassium contents decreased between 90
and 120 DAFB by iron supplement and the best
effect was observed in leaves corresponding to
treatment T1 which caused a significant decrease at
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this period (from 3.83% K to 3.3% K) indicating a
good mobilization of the element through plants. But
no significant differences were observed at this
period between all iron treatments.
4.2.4 Calcium evolution
At 60 DAFB, calcium levels were lower in leaves
corresponding to iron treatments than in leaves
corresponding to the reference. This variation may
be attributed to calcium migration to fruits at this
period knowing that soil was sufficient on calcium at
this stage.
4.2.5 Magnesium evolution
There were no significant differences between all
treatments for foliar magnesium concentration but
leaves of non treated peach trees showed the
highest level of magnesium.
4.2.6

Iron evolution

Iron assimilation and mobilization was improved by
iron chelate application as soon as the case of the
seasonal variety. This result confirm those
demonstrated by Huang et al. (2012) which showed
that Fe-EDDHA application significantly increased Fe
nutrition in iron deficiency citrus trees. Actually,
assimilation was better with T3 at 90 DAFB (122.43%
Fe) and with T1 at 120 DAFB (126.73 % Fe) and no
significant differences were distinguished. Yet,
increase of foliar iron between 90 and 120 DAFB can
be an analytic symptom of iron deficiency
appearance at this time.
5.

CONCLUSION

Results showed that iron-chelates on the EDDHA-Fe
form improved significantly the assimilation of some
elements such as N, K, Ca and Fe, through soil
solution and their mobilization through peach tissues,
for both varieties. Best results were observed on the
Elegant Lady variety. This may be due to shortness
of the vegetative cycle of the seasonal variety in
comparison with the latest one which did not benefit
from the first application. So, timing of the ironchelates application was very approached for
Elegant Lady than Carnival variety.
We noted that excess of iron did not contribute
to mineral assimilation especially for the seasonal
variety.
60 DAFB and 90 DAFB are recommended as
the best time for foliar diagnosis for Elegant Lady and
Carnival respectively.
Foliar diagnosis must not be considered for
iron deficiency revealing because of iron paradox
phenomenon and choice of foliar diagnosis date
which depends on many factors such as climate
variation.
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