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Evaluation of Different Plant Active Iron Extractants
under Conditions of Egypt
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RON status in sixty one soils of Egypt cultivated with corn was

studied by determining their total and available (DTPA), iron
content, and active iron in plant using different methods by
determination of Fe in leaf below and opposites the ear collected at
silking stage.

The amount of soil available iron extracted by the DTPA method
ranged from 1.48 to 14.80 mg/kg Fe. According to the critical level
of available iron in soil (4.5 mg Fe/kg), the data showed that 57% of
the tested soils contain adequate quantities, while 23% are within the
margin range, and only 20% are deficient.

As regards the concentration of Fe in the dry leaves collected
during silking stage from corn plants ranged from 208 to 625 mg/kg
Fe. The average values of active iron in leaves extracted by EDTA,
DTPA, O-Ph., 2,2’ Bip. and HCl were 33.78, 46.95, 65.07, 100.43,
and 140.74 mg/kg Fe, respectively.

A highly significant positive correlation coefficient was obtained
between the values of plant active iron extracted by any of the five
extractants and DTPA-soil available Fe. These results clearly
demonstrate that active iron extracted by the five solutions is
favorable to be used for separating iron-deficient from non-deficient
plants.

The critical values of active iron extracted by EDTA, DTPA, O-Ph.,
2, 2’Bip. and HCI were 40.0, 55.00, 80.00, 120.00 and 180.00 mg/kg Fe,
respectively. According to these values, 59, 65, 57, 46 and 62% of the
soils studied are classified as deficient, respectively. Moreover applying
the critical value of Fe soil-DTPA, less than 4.5 mg/kg proved that 43%
of the studied soils are in the deficiency range, In this respect, it is
obvious that such value coincides well with that obtained by the 2,2’Bip
plant active iron (46%). On the other hand, the price of 2,2’Bip is so high
(one Kg= 15000 L.E) that makes, from the economical point of view, the
use of 2,2’ Bip is excluded. Moreover, since the other extractants gave
reliable results the EDTA is very suitable according to its low price(one
Kg=40 L.E).

Keywords: Active iron, Corn plant, Egyptian soils, Extractants.
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Iron chlorosis is a very common disorder of crops grown in calcareous soils. It
is well known that the total iron concentration in leaves is not a valid index for
iron nutritional status of crops and that the total iron concentration in chlorotic
leaves is often similar or even greater than in the green leaves (Neaman and
Aguirre, 2007)

Soil tests provide an indication of nutrient level in the soil and together with
plant analysis are important agronomic tools for determining crop nutrient
needs. The concentration of an essential element in a field grown plant
indicates the soil’s ability to supply that nutrient. Nutrient concentrations in
the plant are also related to the quantity of the available nutrient in the soil.
For iron it is well recognized that soil and plant testing is not very reliable in
predicting iron induced chlorosis. For example the concentration of total Fe in
iron chlorotic leaves can be higher than in green leaves (Marschner,1995) and
although the DTPA extractable soil iron amounts were over the critical
concentration range, visual and analytical symptoms of iron chlorosis can be
seen on the leaves (Katkat et al., 1994 and Basar, 2000 & Basar, 2005).

It is well known that the total concentration of iron in plant leaves is not a
valid index for iron nutritional status of crops and that the total concentration
of iron in chlorotic leaves is often similar or even greater than in the green
leaves. These discrepancies are related to the localization and binding state of iron
in leaves, in which a proportion of iron might be precipitated in the apoplasm of
leaves and might not be physiologically available (Romheld, 2000).

Plant analysis is one of the accepted tools for diagnosing deficiency
disorders. Deficient plants, if analyzed at the right stage usually contain lower
amount of the deficient element than the corresponding healthy checks. Perhaps,
iron is the only essential element which often evades this most simple definition
of deficiency, since instance is not uncommon when the total content of iron in
the chlorotic plants was higher than in the green paints (Rémheld, 2000).

Because of poor development of analytical methods for “active iron” analysis,
diagnosis of iron deficiency is usually based on visual symptoms and/or
positive response to application to iron chelates. However, in addition to iron
deficiency, zinc (and in some cases manganese) deficiencies are very common in
crops grown in calcareous soils .

Several techniques based on plant tissue analysis have been proposed for
diagnosis of iron deficiency in plants (Mehrotra et al., 1985). Various
extractants have been proposed to extract the fraction of total iron, which is
metabolically active and is related to occurrence of iron chlorosis. These
extractants include water, dilute acids (hydrochloric acid, acetic acid, oxalic
acid and citric acid), chelating agents such as EDTA, DTPA, tartaric acid and
some organic solvents including 2, 2’Bipyridyi and its derivatives, o-
phenanthroline and several other compounds.
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1M HCI and 1.5% o-phenanthroline in the fresh leaves and 1 M HCI in
oven-dried leaves were well related to visual chlorosis ratings and chlorophyll
content of the leaves as compared with other methods. The 1 M HCI method
seemed to be the method of choice for producing a suitable index of Fe status of
plants due to lower cost of analysis and ease in handling dry samples.
Concentration of Fe determined by this method from green leaves at the
midpoint position was generally >30 mg kg ™', which may be accepted as the
critical index value for Fe in peach trees. Active Fe in the midpoint leaves was
markedly and significantly higher than extremity leaves. To sample midpoint
leaves may be recommended in determination of active Fe (Basar, 2003).

Several methods for determination of extractable iron (Fe; or so-called
“active Fe”) have been proposed. Three methods of Fe extraction were tested:
1.5% phenanthroline (pH 3) and 1 M hydrochloric acid (HCI) from fresh leaves,
and 1 M HCI from oven-dry leaves. Regressions between the extractable Fe
concentrations and the leaf SPAD-color were statistically significant for
phenanthroline method, while non-significant for HCI methods (Neaman and
Aguirre, 2007).

The aims of the present work are to study the suitability of five chemical
extractants to estimate the amount of iron, as an index of iron nutritional status
in corn plant tissues which grown in newly reclaimed soils at different levels of
available Fe.

Materials and Methods

Sixty one fields cultivated with corn were chosen to represent the most
common types of cultivated areas, i.e., the alluvial soils of Nile Delta and
reclaimed sandy and calcareous soils Egyptian deserts adjacent to the Nile delta.
Each type was represented with the most major texture classes. The studied
soils comprised 34 noncalcareous and 27 calcareous soil samples. Plant and
surface soil samples were collected from each site. Locations of these samples
are given in Fig. 1.

Plant samples

Sixty one samples of the leaf below and opposite the ear just at silting stage
of corn plants were collected form the different fields. Each sample included 25
corn plants grown on the same spot from which the composite sample of the soil
was taken. The leaves of corn plants were washed in 0.1N HCI, and rinsed
several times with redistilled water and then freed from the sticking water drops
by sandwiching them between sheets of clean blotting papers. After that, the
leaves were cut into small pieces with the help of stainless steel scissors. Two
grams of the fresh-chopped subsample were used for active iron determination
by using the five extraction solutions.
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The rest of the leaf samples were dried in an aerated oven at 70°C to
constant weight, ground in porcelain mortar, and preserved in glass containers
for analysis of total Fe, K, Ca and P content.

Soil samples

The collected sixty one surface (0 - 30 cm) soil samples were air dried,
crushed with wooden mallet, and sieved through a 2 mm stainless steel sieve.
Precautions were taken to avoid any contamination. The soil samples were
analyzed for total and available iron. Soil texture, total carbonates (CaCOs,), pH,
EC and organic carbon, were determined in all studied samples.
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' 'Fig. 1. Locations of the collected soil leaf samples of corn plants.

Active iron
Active iron in the fresh plant materials was determined with five specific
reagents as follows:
- O-phenanthroline solution (1.5 %, pH 3.0) (O.Ph) according to the
method described by Katyal and Sharma (1984).
- 2,2" Bipyridyl solution (1.5% , pH 7.0) (2,2’Bip.) according to the
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method described by Abadia et al. (1984).

0.1N ethylendiamine tetraacetic acid pH 7.0 (EDTA) according to the
method described by Mehrotra et al. (1985).

0.1N diethylen triamine pentaacetic acid pH 7.0 (DTPA) according to the
method described by Mehrotra et al. (1985).

1.0N HCl according to the method described by Takkar and Kaur (1984).

The procedure involves extraction of 2 g of washed chopped fresh plant
material by 20 ml of each of the five solution extractants and Fe®* was
determined using atomic absorption spectrophotometer (UNICAM 969 AA).

Total Fe, K, Caand P

Portions of 0.5 gram of plant material were digested according to the method
described by Page et al. (1982).Total Fe and Ca were determined in plant digest
using atomic absorption Spectrophotometer (Unicam 969 AA). Potassium was
determined in plant digest using Flame Photometer as described by Page et al.
(1982). Phosphorus was determined in plant digest using ascorbic acid method
described by Page et al. (1982).

Soil analysis

Mechanical analysis was carried out according to the international
pipette method as described by the Agricultural Education Association
(Klute, 1986).

Soil texture index (TI) was calculated using the equation of Sillanpaa
(1982) as follows:

T1=1.0 x %clay fraction (>0.002 mm) + 0.3 x %silt fraction (0.002 -
02mm) + 0.1 x %sand fraction (>0.02 mm).

Organic carbon was determined according to Page et al. (1982).

Total carbonates were estimated according to Heanes (1981).

pH values were measured in the saturated soil paste by glass electrodes
using Beckman pH-meter.

Electric conductivity of soil paste extract (ECe) was determined
according to Page et al. (1982).

Total iron in soil samples was determined Spectrophotometry
according to Katyal and Sharma (1980 and 1984)

Available iron was extracted by DTPA and determined using atomic

absorption spectrophotometer according to Lindsay and Norvell

(1978).

Results and Discussion

Iron nutritional status in some soils of Egypt was studied based on
determination of total iron content, the level of its availability using soil test
method and active iron in plant leaves under field conditions.
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Since the status of soil iron is controlled by soil physico-chemical
characteristics, the experimental materials handled were selected so as to differ
as wide as possible. The sixty one soil samples were collected from different
locations in Egypt (Fig.1), to represent calcareous and noncalcareous soils, the
two abundant soil types in Egyptian soils, each type was represented with the
most texture classes. The studied soils comprised 34 noncalcareous and 27
calcareous soil samples (Tablel).

TABLE 1. Some characteristics of the studied soils.

Soil Total carbonate content % oH OM | EC | Soil | CaCO; | pH | OM | EC
% | dS/m | No. % % | dS/m
No. Noncalcareous soils
1 2.99 782 042 297 18 2.89 790 178 250
2 2.68 790 041 498 19 5.62 772 045 460
3 3.39 800 026 267 20 2.07 785 095 325
4 2.35 790 022 270 21 2.38 782 054 500
5 2.24 792 023 220 22 6.69 770 164 250
6 2.86 800 227 48 23 2.90 780 0.89 848
7 1.08 798 008 28 24 4.62 790 158 530
8 1.26 784 020 238 25 3.01 771 089 6.82
9 345 783 018 329 26 157 790 124 156
10 1.61 730 021 193 27 2.98 780 226 292
11 3.98 790 149 242 28 2.30 770 018 241
12 2.30 780 125 131 29 291 781 079 7.10
13 1.80 780 013 178 30 2.87 793 150 6.84
14 4.98 790 110 293 31 4.63 780 138 295
15 2.00 760 120 148 32 1.70 770 089 178
16 0.80 800 103 146 33 2.88 790 278 3.65
17 1.45 777 060 548 34 3.40 768 140 254
Calcareous soils
35 11.65 810 040 140 49 8.50 795 038 286
36 8.34 810 050 078 50 1420 799 055 3.87
37 9.77 760 051 171 51 2000 798 223 498
38 8.29 770 053 078 52 2829 784 250 455
39 10.82 780 049 088 53 3042 810 234 463
40 9.28 790 025 162 54 3980 820 060 093
41 9.34 790 035 375 55 37.08 801 140 458
42 11.42 790 037 546 56 2689 798 159 385
43 15.48 793 257 234 57 35.42 794 152 341
44 9.52 770 045 593 58 2875 792 167 350
45 9.52 780 046 671 59 1938 810 256 598
46 10.55 780 068 734 60 2895 788 112 482
47 16.00 780 087 215 61 8.96 810 063 280
48 30.58 798 095 255
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Calcium carbonate content of the noncalcareous soils ranged from 0.80 to 6.69%,
while that of the calcareous soils showed a range from 8.29 to 39.80% (Tablel). All
studied soil samples are alkaline with pH values ranged from 7.30 to 8.20.

Organic matter content of the studied soils varied widely and ranged from
0.08 to 2.78% (Table 1). The fine-textured soils showed relatively high values
of organic matter content as compared with coarse-textured soils.

Most of the soils were nonsaline with EC values less than 4 dS/m at 250C.
Only nine soil samples in the noncalcareous group and 10 soil samples in the
calcareous group showed relatively higher EC values that ranged from 4 - 8

dS/m at 259C. One soil sample in noncalcareous group showed an EC value
higher than 8dS/m at 259C.

Wide variations in texture were found among the studied soils of the same
group (Table 2). Noncalcareous soils comprised of two clay, 8 sandy clay loam,
4 sandy loam, 5 loamy sand and 15 sandy soil samples. The calcareous soils
included one loamy soil, 10 sandy clay loam, 5 sandy loam, 5 loamy sand and 6
sandy soil samples.

TABLE 2. Particle size distribution of the studied soil samples.

Soil | Coarse | Fine | Silt | Clay | Texture | Texture
No. sand sand % % index class
% % (TN
Noncalcareous soils
1 72.80 | 2495 2.15 | 0.10 10.52 S.
2 60.00 [ 38.95 | 0.55 | 0.50 10.56 S.
3 58.35 | 40.00 [ 1.00 | 0.65 10.79 S.
4 50.85 | 47.25 | 1.30 | 0.60 10.80 S.
5 65.00 [ 3245 | 2.05 | 0.50 10.86 S.
6 68.00 | 29.40 | 2.10 | 0.50 10.87 S.
7 50.10 | 47.10 | 2.30 | 0.50 10.91 S.
8 55.30 | 42.10 [ 2.00 | 0.60 10.94 S.
9 60.90 [ 35.40 | 3.30 | 0.40 11.02 S.
10 63.46 | 3430 | 1.40 | 0.84 11.04 S.
11 50.65 | 45.80 | 3.00 | 0.55 11.10 S.
12 7492 | 2252 | 1.56 1.00 11.21 S.
13 51.80 | 43,50 | 3.50 | 1.20 11.78 S.
14 48.85 | 42.84 | 5.66 2.65 13.52 S.
15 65.20 | 24.80 | 5.50 | 4.50 15.15 S.
16 54.60 | 26.00 | 15.20 | 4.20 16.82 L.S
17 71.24 1859 | 2.56 7.61 17.36 L.S
18 69.92 1280 | 9.74 | 7.54 18.73 L.S
19 57.98 | 24.97 | 8.60 | 8.45 19.33 L.S
20 66.09 | 19.46 | 5.02 | 9.43 19.49 L.S
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Soil | Coarse Fine Silt Clay Texture Texture
sand sand % % index class
No. % % (Th
21 50.06 25.23 16.07 8.64 20.99 SL
22 67.63 12.42 7.53 12.42 22.68 SL
23 50.27 18.67 17.84 13.22 25.47 SL
24 51.38 2211 11.75 14.78 25.63 SL
25 49.16 17.49 12.20 21.15 31.48 S.C.L
26 45.94 20.71 11.20 22.15 32.18 S.C.L
27 40.88 19.91 18.37 20.86 32.45 S.C.L
28 33.60 21.90 21.50 23.00 35.00 S.C.L
29 46.51 17.14 9.49 26.86 36.07 S.C.L
30 45.18 15.44 10.42 28.96 38.15 S.C.L
31 31.33 24.62 12.72 31.33 40.74 SCL
32 15.10 34.00 18.40 32.50 42.93 S.C.L
33 12.32 13.66 32.15 41.87 54.11 C.
34 17.70 18.06 12.61 51.63 58.99 C.
Calcareous soils
35 60.30 36.90 2.20 0.60 10.98 S.
36 60.40 36.30 2.20 1.10 11.43 S.
37 67.50 27.80 3.90 0.80 11.50 S.
38 65.00 30.50 3.40 1.10 11.67 S.
39 51.90 41.60 5.80 0.70 11.79 S.
40 70.10 26.00 2.45 1.45 11.80 S.
41 50.70 33.50 11.50 4.30 16.17 L.S
42 57.40 24.50 11.90 6.20 17.96 L.S
43 52.72 32.46 7.16 7.66 18.33 L.S
44 50.20 29.50 10.20 10.10 21.13 L.S
45 53.80 17.60 20.20 8.40 21.60 L.S
46 41.80 33.90 13.50 10.80 2242 S.L
47 21.43 49.34 13.93 15.30 26.56 S.L
48 28.44 41.89 12.68 16.99 27.83 S.L
49 25.95 30.00 30.05 14.00 28.61 S.L
50 34.80 25.80 23.60 15.80 28.94 S.L
51 7.72 46.11 26.84 19.33 32.77 S.CL
52 9.33 47.83 20.19 22.65 34.42 S.C.L
53 17.14 37.87 22.79 22.20 34.54 S.C.L
54 22.18 39.35 13.85 24.62 34.93 S.C.L
55 18.28 32.62 26.62 22.48 35.56 S.C.L
56 16.76 37.28 22.25 23.71 35.79 S.C.L
57 7.70 44.20 24.65 23.45 36.04 S.C.L
58 5.94 46.96 20.16 26.94 38.28 S.C.L
59 15.85 36.42 19.97 27.76 38.98 S.C.L
60 5.97 43.90 22.40 27.73 39.44 S.CL
61 21.55 17.20 36.25 25.00 39.75 L.
S. : Sandy
L.S : Loamy sand
SL : Sandy loam
S.C.L :Sandy clay loam
L : Loamy
C. : Clay
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Total iron in the studied soils

Values of total iron content in the 61 studied soil samples ranged from 0.18
to 4.88%, with an average value of 1.65% (Table 3). The highest values are
recorded for the heavy textured soil, whereas the lowest ones belonged to the
sandy soils. The calcareous soils lie in between, but they were closer to sandy
than to the heavy soils. Almost similar range values of total iron were reported
for Egyptian soils by El-Sayad (1983), El-Rais (1984) and Abou-Yossef (1988).

TABLE 3. Total and available iron extracted by DTPA in the studied soils.

Soil Total | Available Soil Total | Available
Sample | Fe % | Fe (mg/kg) | Sample | Fe % | Fe (mg/kg)
No. No.
Noncalcareous Soils
1 0.18 2.72 18 1.84 5.42
2 0.69 3.10 19 0.84 5.50
3 0.55 412 20 0.94 5.20
4 0.50 3.20 21 1.88 6.12
5 0.36 2.38 22 2.20 6.32
6 0.73 3.20 23 2.68 5.99
7 0.32 2.24 24 2.23 14.80
8 0.45 2.60 25 2.87 7.14
9 0.23 2.61 26 2.63 8.78
10 0.80 2.40 27 3.50 12.08
11 0.54 4.40 28 3.04 3.56
12 0.84 6.30 29 0.89 6.45
13 0.63 2.18 30 3.68 6.65
14 0.63 4.45 31 3.87 7.14
15 1.16 6.94 32 3.27 4.18
16 1.46 11.26 33 4.88 7.39
17 0.89 4.56 34 4.50 7.66
Calcareous Soils
35 0.50 1.64 49 1.58 7.90
36 0.54 3.04 50 1.48 8.31
37 0.79 1.48 51 2.30 9.06
38 0.72 2.26 52 2.40 9.74
39 0.52 1.68 53 0.95 10.03
40 0.82 3.25 54 2.45 12.85
41 1.16 1.70 55 2.31 13.50
42 1.51 1.80 56 2.45 13.74
43 0.75 8.78 57 1.90 13.91
44 1.59 2.12 58 1.94 12.01
45 2.12 2.80 59 2.57 13.60
46 1.65 2.28 60 2.31 10.30
47 2.13 8.91 61 3.40 12.22
48 0.95 9.30
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It is well known that the total concentration of iron in plant leaves is not a
valid index for iron nutritional status of crops and that the total concentration
of iron in chlorotic leaves are often similar or even greater than in the green
leaves. These discrepancies are related to the localization and binding state of iron
in leaves, in which a proportion of iron might be precipitated in the apoplasm of
leaves and might not be physiologically available (R6mheld, 2000).

The range and average values of total iron and its correlation coefficients
with soil characteristics in the different soil types are given in Table 4. The data
showed that the variations in the total iron content of the studied soils were due
to variations in soil texture and organic matter content. A highly significant
correlation was found between total iron and both soil texture index (TI) and
organic matter content (OM %). Based on correlation coefficient of simple
effect of either texture index or organic matter on total iron content, it could be
concluded that the former contributed by 76% and the latter by 34% of the
variation in total iron content in the all soils. The texture has more influence
than organic matter content on the total iron content of the soils (Fig. 2).

TABLE 4. Range and average of total soil Fe (%) and simple correlation coefficient
with some soil characteristics in the different soil types.

All soils Noncalcareous Calcareous
(61) soils (34) soils (27)
Range 0.18 - 4.88 0.18 - 4.88 0.50 - 3.40
Average 1.65 1.67 1.62
Simple correlation coefficient (r)

OM % 0.58** 0.70** 0.41*
Texture Index 0.87** 0.92** 0.82**
Clay % 0.87** 0.90** 0.80**
Silt % 0.68** 0.83** 0.78**
C.Sand % -0.60** -0.74** -0.72**
F.Sand % -0.39** -0.57** -0.04
CaCO; % 0.09 0.12 0.39*
EC 0.23 0.13 0.46*

*: significant at 5% level of probability.
** . significant at 1% level of probability
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Fig .2. Corn leaves samples: leaf below and opposite ear were submit to analysis.
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Multiple regression relating the total iron to texture index value (TI) and
organic matter content (OM %) of all studied soils yielded the following
equation :

Total Fe (%) = - 0.31 + 0.08(TI) + 0.007(OM %)

The multiple correlation coefficient (R=0.87**) Was highly significant, this
means that 75.69% of the variations in total iron content of the studied soils
could be attributed to the variations in texture index value and organic matter
content. The finer the texture and the higher the organic matter content, the
higher the total iron content in studied soil samples.

Available iron in the studied soils

Data of DTPA-extractable available soil iron are given in Table 3. The range
and average values of DTPA-Fe are given in Table 5. It was observed that the
values of DTPA-extractable iron ranged from 1.48 to 14.80 mg/kg in all studied
soils with an average value of 6.18 mg/kg. The amount of available Fe extracted
by the DTPA solution increased with increasing the organic matter, clay or silt
content in soils. A significant positive correlation was obtained between DTPA
extractable iron and the organic matter, clay and silt contents in all soils
(noncalcareous and calcareous soil) (Table 4).

TABLE 5. Range and average of available Fe (mg/kg) and simple correlation
coefficient with some soil characteristics in the different soil types.

All soils Noncalcareous | Calcareous
(61) soils (34) soils (27)
Range 1.48 - 14.80 2.18 -14.80 1.48 -13.91
Average 6.18 5.56 7.34
Simple correlation coefficient (r)
OM % 0.59** 0.54** 0.66**
Texture Index 0.62** 0.41* 0.90**
Clay % 0.59** 0.39* 0.91**
Silt % 0.64** 0.48** 0.70**
C.Sand % -0.63** -0.16 -0.87**
F.Sand % -0.03 -0.56** -0.37
CaCO; % -0.58** 0.20 -0.77**
EC 0.11 0.14 0.10
Fe % 0.34** 0.51** 0.67**

These soil characteristics are the main factors corresponding to the highly
significant positive correlation between DTPA extractable iron and texture
index (TI). The obtained correlation coefficient values in the present study mean
that 40.96% of the variation in DTPA-extractable iron is due to the silt content,
and only 34.81% to the clay content or organic matter in all studied soils.
Similar results are reported by Abadia et al. (1980) and El-Sayad (1983), who
found that a significant positive correlation between the DTPA-extractable Fe
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and either organic matter content or clay content. The most common extractants
are, perhaps, 1.5% phenanthroline (pH 3) and/or 1 N hydrochloric acid (HCI)
solutions used for analysis of fresh or dry leaves. ( Sénmez and Kaplan, 2004).

There was a significant positive correlation coefficient between iron
extracted by DTPA of all studied soils (honcalcareous and calcareous) and total
iron content in soils.

Multiple regressions relating the DTPA-extractable Fe to the organic matter
content and texture index value of 61 studied soils yielded the following
equation;

DTPA-extractable Fe (mg/kg) = 0.85 +1.95(0.M. %) + 0.14(T1)

The multiple correlation coefficient (R= 0.72™™) was highly significant. This
mean that 52% of the variations in the extractable Fe by DTPA of the studied
soils cloud be accounted for variations in organic matter content and texture
index value.

According to the critical levels reported by Lindsay and Norvell (1978), the
data in Table 3 and Fig. 4 of DTPA-available Fe levels showed that 57% (35
samples out of the 61 tested samples) are adequate (containing > 4.5 ppm
DTPA-extractable Fe), while only 23% (14 samples) are within the margin
range (containing 2.5 - 4.5 mg/kg DTPA-extractable Fe), and only 20% (12
samples) are deficient (containing < 2.5 mg/kg DTPA-extractable Fe). The
deficient soils are those sandy in texture and poor in organic matter of either
calcareous or noncalcareous soil type. Similar results were reported by Abou-
Yossef (1988).

Total iron in plant

The concentration of Fe in dry leaf below and opposite the ear collected
during silking stage from corn plants grown on the same soils from which soil
samples were taken is presented in Table 6. The iron concentration in the leaves
ranged from 208 to 625 mg/kg with an average of 339.69 mg/kg for all the
studied soils.

The plants grown on noncalcareous soils had iron concentration in the leaves
that ranged from 228 to 570 mg/kg with an average of 348.9 mg/kg, being in the
same magnitude to those plants grown on calcareous ones which showed
concentrations ranged from 208 to 625 mg/kg with an average of 328.1 mg Fe /kg.

Correlation coefficients relating the available iron in soil samples with total
iron concentration in the leaves are often used as a criterion by which Fe soil
test is evaluated. In this respect, the present study indicated that there was no
relation between total iron content of the leaves and the available iron of the
soil. Correlation coefficients obtained in this study failed to correlate with total
Fe in leaves (Table 7).
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TABLE 7. Range and average of total Fe content (mg/kg) in the leaves below and
opposite the ear collected at silking stage from corn plants, and simple
correlation coefficient with some soil characteristics, K, Ca, P and K/Ca
ratio in the different soil types.

All soils | Noncalcareous | Calcareous
(61) soils (34) soils (27)
Range 208 - 625 228 - 570 208 - 625
Average 339.69 348.88 328.11
Simple correlation coefficient (r

Available Fe 0.07 0.08 0.11
oM 0.22 0.22 0.22
Texture Index 0.24 0.35* 0.16
Clay 0.25* 0.36* 0.16
Silt 0.11 0.36* 0.13
CaCOg; -0.02 0.22 0.14
K 0.25* 0.41* 0.14
Ca 0.07 0.04 0.08
P 0.12 0.08 0.08
K/Ca -0.04 -0.12 0.07

The contradiction between the soil test method and plant analysis results can
explain the effect of some soil factors which enhanced Fe content by plants.
Aydin et al. (1989) reported that antagonistic and synergistic relationships
between nutrients should be considered in interpreting plant analysis. Allen and
David, (2007) stated that the high nutrient content in plants may result primarily
from the optimum uptake conditions and to a lesser degree from the high
nutrient content of soil. Iron concentration in plant was not a good reliable index
of iron deficiency in soils. Therefore, in the present work calibration of the soil
testing method and estimation of critical levels of either soil test method or
plant analysis were taken in consideration (Allen and David, 2007).

Active iron

Active iron estimation methods mentioned above were used to extr iron in
plant leaf samples. Active iron technique was carried out to evaluate the ability
of the plant analysis to separate Fe deficient from non-defic

Data of extractable active iron in the five above mentioned methods are
given in Table 8. The range and average values of the active iron of each
extractant solution are given in Table 9. The EDTA solution extracts the lowest
amount, while the hydrochloric acid solution extracted the highest one.
According to the extractability power of the extractant solutions, the five
solutions have the ascending order; EDTA < DTPA < O.Ph, <2,2'Bip. < HCI.
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TABLE 8. Active iron (mg/kg) extracted by different methods from the leaf below
and opposite the ear collected at silking stage of corn plants grown in
different soil type.

Soil Active iron (mg/kg)
No. EDTA | DTPA | O-Ph. | 22Bip | HCI
Noncalcareous soils
1 25.86 45.18 50.45 57.61 79.73
2 32.62 42.13 44.88 60.63 99.94
3 38.45 47.35 60.00 92.40 123.15
4 29.62 43.67 45.25 78.26 78.61
5 20.57 30.20 15.02 44.67 72.93
6 35.60 48.00 45.87 76.19 109.45
7 20.53 28.29 25.09 39.87 5.84
8 28.08 4051 4591 64.68 77.42
9 29.99 38.68 44.93 8.08 71.20
10 2420 29.00 22.25 42.68 68.00
11 3881 50.35 79.00 100.32 154.50
12 40.00 55.00 88.32 114.40 167.00
13 16.17 25.00 23.50 31.24 60.00
14 3518 50.53 75.01 105.30 140.50
15  38.50 52.50 80.27 127.68 178.00
16 4355 65.28 84.23 136.84 183.00
17 39.33 50.98 76.51 110.26 130.57
18 41.97 55.59 83.63 114.17 166.08
19 3924 54.24 79.63 121.74 160.90
20 38.20 53.94 84.58 117.21 153.74
21 39.05 50.56 79.68 122.43 170.55
22 39.87 59.07 85.00 125.76 184.86
23  38.84 53.84 78.36 126.16 182.75
24 4544 53.71 84.80 118.66 213,57
25 35.26 52.11 83.65 124.99 183.15
26 37.20 62.72 77.00 127.78 165.20
27 37.85 55.92 79.50 133.02 221.47
28  37.54 45.54 58.00 102.96 119.54
29  41.27 52.41 75.51 131.45 180.07
30 39.86 57.91 83.61 123.75 190.87
31 38.26 56.11 83.30 119.14 192.15
32 3550 51.50 70.20 101.52 133.50
33 4296 58.69 80.30 127.38 174.26
34 39.64 54.31 2.00 12551 186.47
35 7.65 9.00 13.00 16.80 31.00
36 29.50 38.00 38.00 47.96 85.50
37 8.29 8.49 17.00 19.44 45.00
38 18.00 22.17 34.00 35.20 45.00
39 8.59 10.23 15.00 17.44 37.00
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TABLE 8. Cont.

Soil Active Soil Active Soil Active
No. iron No. iron No. iron
(mg/kg) (mgrkg) (mg/kg)
Calcareous soils

40 31.50 48.00 50.50 87.84 120.19
41 10.49 11.19 16.00 19.76 52.00
42 12.17 11.89 18.00 20.64 45.50
43 40.45 60.55 90.50 120.12 200.00
44 13.96 16.24 42.50 40.92 48.50
45 32.00 33.50 38.50 46.60 86.00
46 23.05 36.00 32.00 23.76 76.00
47 42.84 52.84 86.00 123.63 206.16
48 40.77 60.29 79.15 125.74 209.01
49 38.32 57.85 93.44 135.69 198.41
50 43.48 58.74 84.80 127.13 173.60
51 38.20 54.99 79.36 122.05 237.27
52 41.79 63.63 95.00 131.11 182.13
53 42.44 53.44 100.00 128.35 194.14
54 40.00 55.00 82.50 132.56 170.00
55 42.50 64.69 80.10 132.56 200.03
56 41.79 61.35 88.40 135.19 192.13
57 39.38 58.68 90.05 128.19 182.55
58 44.62 62.18 88.58 132.78 197.07
59 4447 60.77 87.91 147.49 181.15
60 38.04 59.04 88.23 119.24 179.94
61 41.14 53.55 85.33 135.11 180.92

381

TABLE 9. Range and average values of extractable active iron (mg/kg) extracted in
different methods from the leaf below and opposite the ear collected at

silking stage from corn plants grown in different soil type.

Extractant | Soil type | Rang Average
EDTA
AS 7.65 - 45.44 33.78
NCS 16.17 - 4544 | 3544
Cs 7.65 - 44.62 31.68
DTPA
AS 8.49 - 65.28 46.95
NCS 25.00 - 65.28 49.17
Cs 8.49 - 64.69 44.16
AS 13.00 - 100.00 | 65.07
NCS 15.02 - 88.32 | 59.48
Cs 13.00 - 100.00 | 63.48
AS 16.80 - 147.49 | 100.43
NCS 31.24-136.84 | 89.25
Cs 16.80 - 147.49 | 90.86
HCI
AS 31.00 - 237.27 | 140.74
NCS 55.84 - 221.47 | 142.03
Cs 31.00 - 237.27 | 139.12
AS : All soils (61 samples).

NCS : Noncalcareous soils (34 samples).
CS : Calcareous soils (27 samples).
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The values of leaf EDTA active iron ranged from 7.65 to 45.44 mg/kg with
an average value of 33.78 mg/kg. Those of the DTPA ranged from 8.49 to
65.28 mg/kg with an average value of 46.95 mg/kg. The amount extracted in O-
Ph ranged from 13.00 to 100.00 mg/kg with an average value of 65.07 mg/kg.
Corresponding range for 2,2°Bip was from 16.80 to 147.49 with an average
value of 100.43 mg/kg. While, that of HCI extractant was from 31.00 to 237.27
mg/kg with an average value of 140.74 mg/kg.

It is of interest to mention that the average values of each extractant were
similar in both noncalcareous and the calcareous soils.

From the statistical point of view, high significant correlations were
obtained between plant active iron extracted using the five extractant solutions
and each of DTPA-soil available Fe, total iron, organic matter, clay and silt
contents of the soil (Table 10). Noncalcareous and calcareous soils behaved the
same in this connection.

Regarding to the relations between leaf active iron and both leaf Ca content
and K/Ca ratio, highly positive correlation was obtained for former and a
negative one for the latter (Table 11). However, no relation was obtained
between leaf-active iron and either its total iron and potassium content.

No positive correlation coefficients were obtained between plant active iron
extracted using of the five methods and each other's (Table 12).

The multiple regression equations between the different extractants and
some soil properties and chemical composition of the leaves were calculated.
The multiple correlation coefficients are presented in Table 13. These data
illustrate that 70.60, 72.25, 79.21, 82.80, and 84.60% of the variations in the
values of leaf extractable active iron by EDTA, DTPA, O-Ph, 2,2’ Bip. and
HCI, respectively, could be accounted for variations in organic matter, available
soil Fe, texture index value, pH, EC, CaCO3;, K, Ca, P and Fe concentration in
leaf.

The values of DTPA - extractable soil iron (available) are calibrated against
the values of the plant leaves active iron content extracted by the different
extractants to find out the critical concentration of plant active iron. The ability
of the different active iron extractants to separate Fe deficient from non-
deficient plants according to DTPA-soil test is illustrated in equations (1- 5).
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TABLE 10. Correlation coefficients between active iron extracted in the leaf below
and opposite the ear collected at silking stage from corn plants by

different methods as well as some soil characteristics.

Soil characteristic

Soil
type Available Total O.M.% | CaCO3% | Clay% Silt% TI
Fe (mg/kg)
EDTA extractable active Fe
AS 0.73** 0.43* 0.51* 0.21 0.51** .0.44** 0.52**
NC 0.69** 0.44** 0.50** 0.34 0.38* 0.43** 0.39*
CS 0.87** 0.57** 0.59** 0.59** 0.79** 0.66** 0.79**
DTPA extractable active Fe
AS 0.76** 0.43** 0.50** 0.24 0.51** 0.46** 0.53**
NC 0.71** 0.48** 0.51** 0.30 0.39* 0.42** 0.40*
CS 0.88** 0.58** 0.58** 0.61** 0.80** 0.66** 0.80**
O-Ph. extractable active Fe
AS 0.79** 0.46** 0.52** 0.30* 0.55** 0.50** 0.56**
NC 0.69** 0.46** 0.40* 0.36* 0.39* 0.39* 0.40*
CS 0.90** 0.56** 0.64** 0.64** 0.84** 0.69** 0.84**
2,2'Bip extractable active Fe
AS 0.81** 0.50** 0.53** 0.59** 0.52** 0.60** 0.60**
NC 0.74** 0.54** 0.48** 0.30 0.48** 0.52** 0.50**
CS 0.93** 0.59** 0.61** 0.65** 0.84** 0.69** 0.84**
HCI extractable active Fe
AS 0.84** 0.53** 0.59** 0.33** 0.59** 0.55** 0.61**
NC 0.85** 0.60** 0.57** 0.38* 0.50** 0.51** 0.52**
NC 0.88** 0.54** 0.63** 0.63** 0.80** 0.79** 0.80**
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TABLE 11. Correlation coefficient between extractable active iron in the leaf below
and opposite the ear collected at silking stage from corn plants by
different methods and each of total iron (mg/kg), K (%), Ca(%), P (%)
and K/Ca ratio in the ear leaf of corn plant at silking stage.

Simple Correlation Coefficient (r)

Soil type | Total Fe | K (%) | Ca (%) | P (%) K/Ca
(mg/kg) ratio
EDTA extractable active Fe

AS -0.01 -0.12 0.71** | -0.14 -0.71%*
NCS -0.14 -0.28 0.65** | -0.48** | -0.60**
CS 0.04 0.05 0.75** 0.14 -0.76**

DTPA extractable active Fe

AS -0.03 -0.12 | 0.70** -0.17 | -0.71**
NCS -0.11 -0.27 | 0.59** [ -0.55** | -0.58**
CS -0.03 0.03 | 0.76** 0.10 | -0.78**

O-Ph. extractable active Fe

AS -0.01 -0.14 0.76** | -0.15 -0.73**
NCS -0.04 -0.36* | 0.70** | -0.48** | -0.67**
CS -0.01 0.07 0.79** 0.12 -0.77**

2,2'Bip extractable active Fe

AS -0.04 -0.13 0.75** | -0.16 -0.75**
NCS -0.01 -0.33* | 0.67** [ -0.46* | -0.67**
CS -0.01 0.05 0.79** | 0.11 -0.79**

HCI extractable active Fe

AS 0.01 -0.13 0.72** | -0.17 -0.71**
NCS 0.05 -0.40* | 0.63** | -0.56** | -0.67**
NC -0.02 0.06 | 0.78** | 0.12 -0.78**
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TABLE 12. Correlation coefficient between active iron extracted by different
methods in leaf below and opposite the ear collected at silking stage
from corn plants in the different soil types.

Simple correlation coefficient

[ EDTA | DIPA | O-Ph. | 22Bip
All soils (61)
HCI 0.89** 0.90** 0.93** 0.94**
2,2'Bip 0.93** 0.94** 0.96**
O-Ph. 0.91** 0.92**
DTPA 0.96**
Noncalcareous soils (34)
HCI 0.86** 0.87** 0.91** 0.93**
2,2'Bip 0.91** 0.93** 0.93**
O-Ph. 0.90** 0.93**
DTPA 0.90**
Calcareous soils (27)
HCI 0.93** 0.94** 0.95** 0.96**
2,2'Bip 0.94** 0.95** 0.97**
O-Ph. 0.94** 0.94**
DTPA 0.97**

TABLE 13. Multiple regression equation and correlation coefficient (R) of all
extractants as related to some soil properties and chemical composition
of the leaves.

Method of Multiple Correlation Coefficient

active iron Multiple regression equation R

EDTA | y=1.87 +1.080M% +1.49available Fe + 0.15 Texture Index 0.84"
+2.52pH + 0.40EC -0.18CaCO3;% -1.70K in leaves
% +23.11 Ca in leaves % -1.54 in leaves P% -

0.01total Fe in leaves (ppm)

EZ3

DTPA | y= 0.27 + 0.36 OM% + 2.37 available Fe + 0.37 Texture 0.85
Index + 5.11 pH + 0.22 EC - 0.21 CaCO3% - 2.88
K in leaves %+ 30.84 Ca in leaves % -7.61 P in

leaves % - 0.02 total Fe in leaves (ppm)

EZ3

O-Ph. | y=145.67 + 1.15 OM% + 3.68 available Fe + 0.51 Texture 0.89

Index - 12.23 pH + 0.92 EC - 0.02 CaCO3% - 4.82

K in leaves % + 68.90 Ca in leaves % -17.23 P in
leaves % - 0.02 total Fein leaves (ppm)

EZ3

2,2’Bip. | y=86.29 + 1.68 OM% + 6.74 available Fe + 0.83 Texture 0.91

Index - 4.14 pH + 0.52 EC - 0.54 CaCO3% - 5.52

K in leaves % + 95.67 Ca in leaves % -16..55 P in
leaves % - 0.04 total Fe in leaves (ppm)

EZ3

HCl | y=205.91 + 4.58 OM% +9.27 available Fe + 0.87 Texture 0.92
Index - 13.95 pH + 0.2.35 EC - 0.27 CaCO3% -
13.38 K in leaves %+ 116.57 Ca in leaves % -21.13

P in leaves % - 0.07 total Fe in leaves (ppm)
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The critical value of plant active iron of each extractant was worked out
by fitting the regression of active iron content (y) against DTPA-soil available
iron (x). The functional relations between y and x were as follows:
y= 879+ 7.40x-036x* (1)
y= 527+11.46x-056x* (2)
y=-756+19.98x-0.98x> (3)
y=-16.72+30.64 x - 1.48 X*  (4)
y=-19.27 +42.76 x - 2.02x*  (5)

for EDTA, DTPA, O-Ph., 2,2°Bip. and HCl, respectively.

The (y) values for maximum active iron content were; 40.00, 55.00, 80.00,
120.00, and 180.00 (mg/kg) active iron for EDTA, DTPA, O-Ph, 2,2’Bip. and
HCI, in the same order.

According to the abovementioned active iron content values, 59, 65, 57, 46
and 62% of the soils studied are classified as deficient. Moreover applying the
value of less than 4.5 (mg/kg) Fe soil-DTPA as the critical level reported by
Lindsay and Norvell (1978) proved that 43% of the studied soils are in the
deficiency range, In this respect, it is obvious that such value coincides well
with that obtained by the 2,2’Bip plant active iron (46%). However, the price of
such material is so high (one Kg = 6500 L.E) that makes, from the economical
point of view, the use of 2,2’Bip is excluded. Moreover, since the other
extractants gave reliable results, the EDTA is very suitable according to its low
price (1 Kgcost 185 -200 L.E.).

It could be concluded that to determine how well a fertilizer program is
meeting the needs of corn crop, leaf plant sample must be analyzed at an early
stage of growth throughout the growing season, then comparing the active iron
analysis of these samples to the critical values. Therefore one could detect and
correct impending nutrient deficiency before it occurs, and to change the timing
or method of fertilization to make sure that fertilizer needs of the crop are fully
met.
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