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ABSTRACT

A Series of laboratory and greenhouse experiment were conducted to
evaluate ferrihydrite product and they effects on growth and some chemical
composition of wheat plants. Resuits were noticed that, infrared exammatlon indicated
that decreasing level of silica gave a weak band at 860 Cm’" particularly at 0.125.
However hlgher silica content gave a Iower degree of polymenzatlon as indicating by
a reduction in band intensity at 800cm™ and enhancement at 760cm™. Micro structural
views of ferrihydrite showed the best developed of the crystal particularly when Si/ Fe
ratio increased. Successive extraction of Fe with DTPA showed that, cumulative
amounts of Fe extracted from the ferrihydrite products were ranged between 17.5 and
44.2% for Fe- 0.125 Si and Fe-1.0 Sirespectively, indicating that poorly crystalline
materials had a supplying power for Fe status particularly in calcareous soils.
Application of Fe- 0.5 Siand Fe-1.0 Si to the soil stimulate the yield production (grain
and straw) of wheat plant as compared with other treatments. Increasing levels of Fe
from 25 to 100 mg/kg gradually increased the yield production. Ferrihydrite products
added to the soil gave a remarkable effects on Fe and N uptake. Results also showed
that, increasing ratio of Fe / Si had a positive effect for both Fe and N uptake as well
as total content. Total chlorophyll content were gradually increased with ferrihydrite
addition. It evident that poorly crystalline materials had a good scope of residual
effects which seems to substantial the slow release properties of these was

immobilized.
Keywords : Ferrihydrite, IR, TEM examination, wheat production, calcareous soil.

INTRODUCTION

lron deficiency is still one of the major problems in calcareous soils,
the dynamic of iron (Fe) in calcareous soils is largely controlled by the
dissolution-precipitation equilibrium of more or less crystalline iron oxides
(Lindsay, 1979; Schwertmann, 1991). These minerals are characterised by a
poor solubility products that is decrease which increasing pH (/sabelle and
Philippe, 2000). The total concentration of soluble Fe in solution is thus
always far below the level required for adequate growth of crop species
(Marschner, 1995), Unless pH is very low as occurs in the reducing
conditions of waterlogged soils (Hinsinger, 1993). In calcareous soils,
because of high pH, Fe concentrations in soil solution are very low and plants
often develop severe symptoms of Fe chlorosis (Romheld, 1987: Marschner,
1995).

From the iron chemistry thermodynamics, it is well known that Fe
compounds are very insoluble (Lindsay, 1988). The rate of this solubility
depends on the specific surface of the solid (Schwertmann and Taylor, 1989).
Amorphous materials diOssolve very fast whereas crystalline materials are
quite slow. These factors may act to mobilize labile Fe from soild phase Fe-
containing compounds in the soil. The most readily available labile sources of
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Fe are likely the poorly crystalline Fe oxides, i.e., ferrihydrite, which have high
reactive surface areas. This was corroborated in the recent study by Loeppert
and Hallmark (1985) in which a high negative correlation was observed
between incidence of chlorosis and the amorphous Fe oxide content.

The objective of this study was to evaluate the effectiveness of
ferrihydrite as fertilizer value particularly in calcareous soil and their effects on
growth and some chemical composition of wheat plants.

MATERIALS AND METHODS

Properties and preparation of siliceous ferrihydrate:

The poorly crystalline Fe oxide was prepared by addition of NaOH to
a Fe(lll) salt as is summarized in the following equation :

. -2
Fe' + 3OH'S$>— Siliceous ferrihydrate.
pH 8.2

The presence of silicate influences the poorly crystalline product to
have smaller crystal sizes and a higher surface area (Carison and
Schwertmann, 1980, and Vempali and Loeppert, 1985). The rate of
transformation of ferrihydrite to goethite is inversely related to silica content
(Schwertmann and Thalmonn, 1976). Ferrihydrite (Without any silica)
transforms rapidly at room temperature and high pH into a crystalline phase,
e.g., goethite, but it has been observed that in the presence of silicate the
transformation of these materials is inhibited due to silicate anion sorption at
the surfaces of the crystal nuclei and the retardation of crystal growth
processes (Vempali and Loeppert, 1985). Therefore, in the soil it is likely that
silicate anions in the ferrihydrite structure will inhibit the transformation to
more crystalline phase and thus will enable the product to maintain the labile
pool of Fe for subsequent crops.

The ferrihydrite samples were prepared at initial molar ratios of Si to
Fe of 0.125, 0.25, 0.5 and 1.0 by the procedure described below. For
simplicity, the ratios of siliceous ferrihydrite will be referred to as Fe-0.125 S;,
Fe-0.25 Si, Fe-0.5 Siand Fe-1.0 Si, respectively. To a 100m| erleneyer flask
containing 100 ml of water, 150ml of sodium silicate (concentration was
dependent upon the desired Si: Fe ratio)was added simultaneously with 242
ml of 0.714M ferric suifate under conditions of vigorous stirring. The pH was
adjusted to 8.2 with NaOH, and the products were incubated for four days,
then dialyzed to remove excess sait. The final concentration of Fe in the
sample was adjusted to 4 gm per liter with deionized water. Samples for
transmission electron microscopy (TEM) were prepared by diluting the
aqueous suspension to 20mg Fe per liter with deionized water. One drop of
the diluted suspension was placed on a 400-mesh Cu TEM grid with pur
carbon as the support film. The samples were viewed with a Hitachi HVLLE
TEM operated at 50KeV. Infrared spectrograms of the ferrihydrite treatments
samples were recorded with a Backman IR-4250 spectrometer using KBr-

pellets.
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Two milliliter aliquots of each of the ferrihydrite (8 mg Fe) samples, in
triplicate, were transferred to polypropylene test tubes and extracted
successively for two hours (six times) with 20ml of 0.005M DTPA
(diethylenetriamine-pentaacetic acid) according to the methods described by

Black (1982).

Greenhouse experiment:
Pot experiment was conduct in the National Research Center and

designed as randomized complete block with three replicates in plastic pots
40cm height, 25 cm diameter, each one containing 10kg of air dried sou The
investigated soil was characterized by pH 8.72, E.C. 0.36 ds.m™, CaCO;
11.3% organic matter 0.12%, total-N 0.012% available —Fe 5.3 ppm, clay
1. 73% silt 6.58% and sand 91.69%. Soil were treated with ferrous sulfate
(Fe*d, fernc sulfate (Fe"’) and ferrihydrite with three doses 25, 50 and 100
mg Fe kg™'. The investigated treatments were used as follows :

Treatment mg Fe kg Treatment mg Fe kg

Control

Fe*? 25 Fe-0.25 Si 25
Fe*? 50 Fe-0.25 Si 50
Fe*? 100 Fe-0.25 Si 100
Fe* 25 Fe-0.5 Si 25
Fe* 50 Fe-0.5 Si 50
Fe* 100 Fe-0.5 Si 100
Fe-0.125 Si 25 Fe-1.0 Si 25
Fe-0.125 Si 50 Fe-1.0 Si 50
Fe-0.125 Si 100 Fe-1.0 Si 100

Nitrogen, phosphorous and potassium were applied at rates of
120mg N, 50mg P,Os and 40mg k,O/kg as slow release nitrogen fertilizer,
superphosphate and potassium sulphate respectively. Wheat (Triticum
aestivum L.C.V. Sakha 69) were planted, after 10 days the plants were
thinned to six plants per pot. Plant samples were taken at 30,45 and 60 days
from seedling. Fresh, dry weight, total cholorophyll, ferrous (Fe* ) nitrogen
and iron were determine in plant as described by Cottenie et al., (1982) and
Black (1982).

At physiological maturity, plants were harvested and separated into
straw and grains, dry weight were recorded, and biomass ground and
prepared for analysis. Total-N and iron were determined in grain and straw by
the method described by Cotteni et al. (1982).

Soil samples were taken from each pot after harvesting and air dried.
Fractionation of iron were carried out according to the method described by
Miller et al., (1986) (Table 1). The extraction sequence procedure, were
observed in Table (1). 10 gm of soil sample was placed in centrifuge tube and
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20 mi of extracting solution was added, shacked for 16h and centrifuged. The
remaining solid was washed twice with water and then the next extraction
solution was added. Aliquots of extractants from steps 5 and 6 were
evaporated to dryness, ashed and taken upin 1 M HNO; for analysis. The
extraction solutions were filtered and the filtrates were analyzed. Each soil
sample was taken entirely through to procedure in triplicate.

Table (1) : Extraction conditions for seuqgential extraction procedure
used in determining Fe forms in soil (after Miller et al., 1986)
. . Conditions ]
Extrectmg solution Time h Temp.°C |
Water soluble 16 2 |
exchangeable 0.5 M Ca (NO3)..
0.44M 8 22
Acid soluble CH; COOH +
0.1MCa(NO3), pH 5
Associated with 0.01M NH,OH.HCI+ 0.5 22
Mn oxides 0.1MHNO; pH 2
Organically bound | 0.1M K,P,0; pH 10 24 22
Amorphous oxides | Oxalate reagent 0.5 80.water both ..
. . Oxalate reagent + 0.5 80waterboth
Crystalline oxides ascorbic acid
Residual 10mL HF+ HNO; 2 110

RESULTS AND DISCUSSION

Infrared spectroscopy:
Infrared examination in Fig. (1) showed that, in the presence of

lowering silica concentration (Fe-0.125 Si) the ferrihydrites product has a
higher degree of polymerization. However, higher silica content gave a lower
degree of polymerization as indicating by reducing the band intensity at 800
and enhancement of 760 cm™ band.

It was observed that silica addition at rate of 0.5 Si gave the broad
band at about 800 c¢m™, and increasing Si at rate of 1. Othe intensity of this
band is doubled and lts position is shifted to 760 cm™ i.e., the lower wave
numbers. However decreasing the level of Sito 0.125, the band becomes
weaker and is shifted to 860 cm™ i.e., to higher wave number Fig. (1). The
shift towards lower wave numbers is therefore explained by Si bound to Fe-
OH functional groups of the surface, thereby forming Si-O-Fe bonds i.e., to
nonpolymerized silica (Wijnija and Schuithess, 2001).
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The ferrihydrites preparation without Si does not show any band
between 760-860 cm™ (Fig. 1). In contrast, in all Si containing preparations, a
band with a maximum at 860 cm™ exists which intensifies approximately
linearly with Si content. The broad I.R. band of the Si containing ferrihydrite
can be attributed to Si-O streching. A shift this band towards lower
frequencies has been observed in Fe-Si ferrinydrite (Shuman, 1991) and
interpreted as due to Si-O-Fe instead of Si-O-Si bonds in the structure.

Fe-0.25 Si Fe-0.5 Si Fe-1.0 Si
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Fig. (1) : L.r. spectra of frrihydrites containing increasing amounts of Si.

Transmission electron microscopy :

Micro-structural views of ferrihydrite in Fig. (2) observed a best
developed crystal of ferrihydrite at increasing ratio of Si/Fe, very small
spherical particles as well as small acicular crystals of ferrihydrite are formed.
However decreasing ratio of Si/Fe gave a highly aggregated of ferrihydrite.
This may be explained by the partial inaccessibility of the.internal surface to
formation the crystallization (Schwertmann and Comell., 1991).

A negative linear correlation exists between the proportion of
ferrihydrite and the silica content of the ferrihydrite mixture formed. High Si/Fe
ratio (Fe-1.0 Si), less crystalline was formed which have rather rough
surfaces. Minimizing aggregation mainly due to sorption of silicate anion at
the surfaces of the crystal nuclei and the retardation of crystal growth
processes (Vempati and Loeppert, 1985).

Serrated and shorter plates are formed at increasing SifFe ratios,
decreasing the level of Si/Fe non serrated laths are formed and minimize with
an increasing content of spherical of ferrihydrite. It is therefore believed that
during the precipitation processes ferrihydrite were formed, first and then
takes up most of the Si and thereby purifieed the solution. This concept is
supported by the fact that at the higher initial of Si/Fe ratio, ferrihydrite
crystals are formed because the maximum amount of ferrihydrite which can
be formed obviously is high enough to purify the solution sufficiently.
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Fig. (2) : Electron microgra{:hs of four ferriydrites sample : A- Fe-1.0 Si,
B-Fe-0.5 Si, C-Fe-0.25 Si and D-Fe-0.125 Si

DTPA extraction :

Several successive extraction with DTPA were examined (Fig. 3) in
order to evaluate the supplement value of the ferrihydrite product was slow
release Fe- fertilizer particularly in calcareous soil. Results observed that
during the first extraction the Fe-0.125 Si gave the lowest value of iron
release as compared with other treatments. Increasing Fe/Si ratio enhanced
the release of iron, this results may be due to the presence of silicate which
influences on the poorly crystalline produce to have smaller crystal size and
higher surface area (Carlson and Schwertmann, 1980 and Vempati and
Loeppert, 1985).

The cumulative amount of Fe removed from the materials ranged
from 17.5 for (Fe-0.125 Si) to 44.2% for (Fe-1.0 Si), indicating that, poorly
crystalline materials had a good scope of residual effect, which seems to
substantial the slow release properties of these materials.
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Plant growth :
Table (2) observed that the addition of ferrihydrite increased both

fresh and dry weight of wheat plants at different stages of plant growth. The
ameliorative effect of ferriyhydrite depends on the level of Si/Fe ratios and the
rate of Fe application. For Fe-1.0 Siwas more effective as compared with
other treatments. This result may be due to the solubilization of the
amorphous ferric hydroxide or ferrihydrite which gave higher amounts of Fe in
the soil solution than those caused by crystalline hydroxides (Lindsay, 1979
and Perez-Sanz and Lucena, 1994).

The addition of Fe*? or Fe*? slightly improved fresh and dry weight of
plant growth as compared with the control. While the application of low level
of Fe from Fe-0.25 Si was more pronounced effect on fresh and dry weight of
wheat plants than high level of Fe from Fe*? or Fe* respectively. This result
may be related to a possible contribution of some other mechanisms for the
mobilization of Fe ions from ferrihydrite which can regulate the Fe status in
the soil, when excreted at large rate in the rhizosphere, these organic anions
can dissolve substantial amount of Fe from Fe-bearing solid phases and
eventually supply thereby enough Fe to meet plant's demand, at least when
Fe is supplied as an amorphus Fe phase (Jones-et al., 1996 ; Isabelle and

Philippe, 2000).

Grain and Straw yield :
Data in table (2) show that the addition of Fe treatments increased

gram and straw yield as compared with control. However the application of
Fe' and Fe*® does not effective as compared with Fe/Si at different ratios.
This could be due to the sorption mechanisms particularly in calcareous soil
which characterized by high both of pH and CaCO, %.

The addition of Fe-0.5 Si and Fe-1.0 Si stimulate the yield production
for both grain and straw yield as compared with Fe- O 125 Si and Fe-0.25 Si.
Increasing the levels of Fe from 25 to 100 mg Fe kg™ gradually increased the
grain and straw yield production of wheat plants.

It was observed that the addition of Fe*® were more pronounced
effect on the grain and straw yield of wheat plants as compared with Fe*
This results may be related to the Fe*? reactlon with calcium carbonate to
form lepidocrocite and goethite, whereas Fe*® polymerizes in solution to form
a poorly crystalline phase (ferrihydrite), seems to substantial the slow release
properties of these and also to avoid the precipitated of the soluble fraction of
Fe in soil- water system (Loeppert and Hossner, 1984).

Table (2) shows that grain/ straw ratio could be affected by the
ferrinydrite and the level of Fe addition. It has been noticed that Fe treated
with silica was markedly increased grain/ straw ratio as compared with other
treatments. Increasing levels of Fe increased the grain/straw ratio of wheat
plants. Therefore data in grain/ straw ratio confirmed that the forms of poorly
crystaliine Fe oxide i.e., ferrihydrite, which have high reactive surface areas.
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Table (2) : Effect of ferrihydrite on fresh, dry weight and total yield of
wheat plant growing in calcareous soil (gm/plant)

Fe level Fresh weight Dry weight Grain | Straw | Grain/

Treatment| mg Fe yield lield g/ straw
kgg" 30 45 6o 30 45 60 o Iantyplant ratio

ontrol 6.30 | 10401522 1.91 | 431 | 6.32 | 1.41 | 632 | 0.22
Fe* 25 692 |11.03|1734| 20 | 462 | 6.90 | 253 | 8.13 | 0.311
e'? 50 7.03 (1260|1766 222 | 4.90 | 6.92 | 2.86 | 8.72 | 0.32
Fo'? 100 715 |1265(18.20 2.31 | 495 | 699 | 3.0 9.0 | 033
o" 25 7.0 1213|1796 | 20 | 490 | 696 | 3.03 | 9.16 | 0.33
e" 50 733 (1290|1853 242 | 493 | 712 | 342 | 9.83 | 0.34
Fe" 100 7.92 |1340|18.92| 266 | 50 | 7.52 | 3.86 | 10.12 | 0.38

e-0.1258Si 25 756 |14.16[20.15| 2.35 | 550 | 8.36 | 4.76 | 12.56 | 0.37
Fe-0.125 Sil 50 812 [14.35[21.23| 3.02 | 566 | 845 | 4.94 {13.03( 0.37
e-0.125 Si| 100 864 1528|2224 | 314 | 591 [ 893 | 529 | 1391 0.38

e-0.25 Si 25 8.29 . 15312220 | 3.0 | 534 | 866 | 492 | 1442 0.34
e-0.25 Si 50 8.75 (16.72(2307 | 3.22 | 6.12 | 9.01 | 549 (1493 0.36
Fe-0.25 Si | 100 903 |16.93 (2481 | 3.60 | 6.72 | 9.32 | 5.76 | 15.23 | 0.37

e-0.5 Si 25 910 |16.82)23.52| 362 | 6.55 | 891 | 531 | 16.63 | 0.31
Fe-0.5 Si 50 934 (17642461 371 | 693 | 9.22 | 586 [17.18) 0.34
e-0.5 Si 100 10.50 |18.30 | 25.90 | 411 | 7.06 [ 996 | 593 | 17.86 | 0.33

e-1.0 Si 25 100 |18.21(24.82| 390 | 7.0 | 935 | 6.10 | 19.13 | 0.31
Fe-1.0 Si 50 10.61 | 18.90 | 26.32 [ 4.26 | 7.21 [10.31 | 6.67 | 19.68 | 0.33
Fe-1.0 Si 100 11.03 |19.65|26.93 | 443 | 7.82 | 10.46 | 6.92 | 20.23 | 0.34

Nutrient uptake :
a-N and Fe uptake at different stages of plant growth :

Data in table (3) showed that the addition of ferric sulfate increased
the uptake of N and Fe than ferrous sulfate. Wnereas different ratios of re/Si
enhanced the N and Fe uptake by wheat plant as compared with Fe*? or Fe®
treated soil. This result may be due to forms and crystallinity of the
precipitated Fe oxide.

It was noticed that the addition of Fe-0.5 Si and Fe-1.0 Si were more
pronounced effect on the uptake of N and Fe of wheat plants than the other
treatments. Increasing the levels of Fe up to 100 mg kg'1 increased the
uptake of N and Fe of wheat plants. the addition of Fe-1.0 Si at a rate of 100
mg kg gave a remarkable effect on N and Fe as compared with other
treatments. This result can be explained by the interactions of nitrogen with
iron through changes in pH. When ammonium nitrogen is absorbed, plants
release protons causing the growth medium to become more acid and iron
availability is increased (Marscher et al., 1982).
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Table (3) : Nitrogen and iron uptake (mg/plant) as affected by the
addition of ferrihydrite to wheat plant at different stages of

plant growth.
Fe level mg N mg/plant Fe mg/plant

Treatment| " “rokg® | 30 | 45 80 30 45 60

Control 14.29 43.1 56.88 0.19 0.43 0.63
Fe*2 25 218 51.74 77.97 0.40 0.92 4.14
Fe* 50 2442 | 5537 | 78.88 0.66 3.43 5.53
Fe*? 100 2587 | 56.43 80.38 0.69 4.45 6.99
Fe 25 23.0 56.84 81.43 0.80 3.92 5.56
Fe* 50 28.79 | 59.16 92.56 1.21 443 6.40
Fe* 100 3192 | 625 99.26 1.59 5.0 8.27
Fe-0.125 Si 25 2867 | 68.2 105.3 1.17 495 7.52
Fe-0.125 Si 50 3775 | 71.88 109.0 1.81 5.66 9.29
Fe-0.125 Si 100 39.87 | 74.49 116.0 2.19 6.37 10.72
Fe-0.25 Si 25 38.7 7059 | 114.31 1.80 5.34 9.52
Fe-0.25 Si 50 40.89 | 80.17 | 1198 2.25 7.95 10.81
Fe-0.25 Si 100 46.8 89.37 125.8 2.88 10.08 12.11
Fe-0.5 Si 25 47.78 | 87.77 | 121.7 2.53 9.17 10.69
Fe-0.5 Si 50 49.34 | 94.24 128.1 2.96 11.08 11.98
Fe-0.5 Si 100 55.07 | 9742 | 1394 3.69 12.00 13.94
Fe-1.0 Si 25 52.65 95.9 129.9 3.12 1.2 12.15
Fe-1.0 Si 50 57.93 | 9949 | 1464 3.82 12.97 14.43
Ee-1 .0 Si 100 60.24 L 108.6 156.9 5.44 m.ss 15.69

b:N aid Fe content in graiii ainda siraw :

Table (4) noticed that the addition of ferrihydrite at different ratios of
silica gave a remarkable effect on N and Fe content in grain and straw.
Whereas increasiing the ratic of silicate were more pronounced effect on N
and particularly Fe content in grain and straw of wheat plant. This result may
be probably due to, most soluble fraction of iron was depieted to some extent
only in the rhizosphere, caused an increase systematically through maobilizing
Fe from ferrinydrite and not only dissolved amorphous Fe but also some Fe
from the ferrihyrite it self (Schwertmann, 1991). Results showed that
increasing the rate of Fe increased the content N and Fe grain and straw.
The percentage of increasing in Fe for both grain and straw at 100 mg kg" of
Fe-1.0 Si and Fe-0.5 Siwere 14.26, 10.34 and 11.34, 15.05% as compared
with the same treatments at a rate of 25 mg kg''. Whereas the percentage of
increasing Fe in Fe-1.0 Siand Fe- 0.5 Si at a rate of 25 mg kg™ were 52.11,
49.4 and 42.91, 36.19% as compared with Fe-0.125 Si at the same rate.

There is a relationship between Fe and N, data observed that
increasing ratios of Fe/Sithe N uptake increased. While increasing levels of
Fe enhanced the nitrogen content in both grain and straw of wheat plant.
Similar result were observed by (Kafkafi and Ruth, 1985).

5129



El-Aila, H.l.

Table (4) : Nitrogen and iron uptake (mg/plant) in grain and straw of
wheat plant as affected by of ferrihydrite treated soil

Fe level mg Fe kg Grain Straw

Treatment 1 N Fe N Fe
Control 26.79 2.36 316 0.92
Fe*? 25 53.88 3.15 36.09 1.03
Fe*? 50 61.20 363 38.04 1.52
Fo*? 100 64.5 3.94 39.8 - 1.93
Fe* 25 65.75 3.78 40.7 1.67
Fe* 50 78.66 5.31 426 1.78
Fe" 100 89.55 5.62 45.96 2.65
Fe-0.125 Si 25 107.5 5.44 56.9 3.42
Fe-0.125 Si 50 113.1 6.81 62.7 3.85
Fe-0.125 Si 100 121.4 6.96 66.0 3.91
Fe-0.25 Si 25 114.1 7.24 70.1 4.06
Fe-0.25 Si 50 127.9 8.32 76.3 462
Fe-0.25 Si 100 | 1353 9.01 80.7 4.91

e-0.5 Si 25 125.3 9.53 81.3 5.36
Fe-0.5 Si 50 140.0 10.2 86.2 5.91
Fe-0.5 Si 100 142.3 10.75 88.6 6.31
Fe-1.0 Si 25 145.7 11.36 91.7 6.76

e-1.0 Si 50 161.4 12.17 934 7.09

e-1.0 Si 100 173.0 13.25 98.6 7.54

Total chiorophyll and ferrous content :
a-Total chlorophyll content :

Chlorophyll content as a measure of Fe-stress in plants is presented
in table (5). It was noticed that the addition of ferrhiydrite with different ratios
of silica increased the total chlorophyll as compared with ferrous and or ferric
treated soil. The addition of Fe-1.0 Si enhanced the chlorophyll content in
wheat plants at different stages of plant growth. This phenomena may be due
to the formation of poorly crystalline product to have smaller crystal size and
higher surface area maintaining Fe in available forms as observed in Fig. (2)
(Carlson and Schwertmann, 1980 ; Vempati and Loeppertk, 1985)

It was observed that increasing the rate of ferric sulfate from25 to100
mg kg increased the total chlorophyll. Whereas the application of Fe**
treatments did not alleviate the Fe stress. The addition of Fe-0.125 Si and Fe-
0.25 Si treatments were more effective for mitigating chlorosis at different
stages of plant growth. Whereas the addition of Fe-0.5 Si and Fe-1.0 Si were
more pronounced effect on the total chlorophyll.

it was concluded- that Fe supplying ability of the treatments
particularly at a rate of 100mg Fe/kg decreased in the following order :
ferrihydrite (1.0 Si) > ferrihydrite (0.5 Si) > ferrihydrite (0.25 Si) > ferrihydrite
(0.125 Si) > Fe™ > Fe *2.
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b-Ferrous content :
Concerning ferrous leaves content, the results in table (5), observed

that the addition of ferrihydrite with different ratios of silicate had a positive
effect on ferrous content in leaves of wheat;plants at different stages of plant
growth. The effect of silicate were capable to forms smaller crystal sizes with
ferric sulfate which retardation the transformation of ferrihydrite to goethite,
and was more effective in the availability of ferrous to the grown plant (Sidhu
et al., 1981, Schwertmann and Cornell, 1991; lonoue et al., 1993).

With respect to the levels of silicate, it was observed that increasing
the levels of silicate had matching amelorative effect in ferrous leaves
content. However decreasing the levels of Fe mg kg™ decreased the ferrous
content in the leaves of plant at 30, 45 and 60 days. Resuits also observed
that there is a good relation between the chiorophyil content and the ferrous
content in the plant tissue as noticed in table (5).

It may be concluded that the application of ferrihydrite had a positive
effect for maintaining Fe in an active form as Fe*?in leaves of the wheat
plants and furthermore, on the of chlorophyil content to an extent of healthy
plants. The ability to overcome the adverse effects of high pH particularly in
calcareous soil and other ions and then correcting iron chiorosis.

Table (5): Total chlorophyll and ferrous content (mg/plant) as affected
by ferrihydrite to wheat plant at 30, 45 and 60 days of

transplanting
24 )

Treatment Fe Ievel_:ng Total chlorophyil mg/g F.W Fe '~ mg/plant
Fe kg 30 45 60 30 45 60
Control 0.55 0.32 0.26 0.20 0.18 0.15
e 25 0.75 0.96 0.99 0.22 0.35 0.37
o2 50 0.77 0.96 1.0 0.25 0.36 0.37
O 100 0.80 0.97 1.0 0.26 0.37. | 0.9
Fe'* 25 0.75 1.0 1.2 0.25 0.37 0.39
e* 50 0.92 0.99 1.3 0.28 0.39 0.40
e*? 100 0.92 1.2 15 0.29 0.40 0.41
e-0.125 Si 25 0.79 1.2 1.35 0.25 0.38 0.4
e-0.125 Si 50 0.82 1.25 1.37 0.30 0.40 0.40
e-0.125 Si 100 0.98 1.32 1.39 0.32 0.42 0.45
e-0.25 Si 25 0.79 1.31 1.36 0.28 0.39 0.42
e-0.25 Si 50 1.02 1.33 1.42 0.33 042 0.43
@-0.25 Si 100 1.25 1.39 1.48 0.35 0.46 0.48
2-0.5 Si 25 0.96 1.45 1.50 0.31 0.43 0.45
Fe-0.5 Si 50 1.18 1.52 1.67 0.37 0.46 0.49
Fe-0.5 Si 100 2.06 1.46 2.19 0.46 0.50 0.52
Fe-1.0 Si 25 1.28 1.46 1.53 0.39 0.48 0.49
Fe-1.0 Si 50 1.69 2.02 2.35 0.41 0.44 0.53
bm .0 Si 100 2.15 2.45 2.73 0.52 0.55 0.59
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Fractionation of Fe in soil :
Sequential extraction of Fe are presented in table (6), were allowed

to distinguish seven fraction of Fe, which differ in mobility and plant
availability. The most available forms of Fe in soils are the water soluble and
exchangeable fraction (Shuman, 1991). This fraction contains Fe which is
loosely held by surface associations and therefore is the most mobile. Water
extractable fraction is very low in all treatment and does not exceed 1.0 mg
Fe kg™ soil. The largest amounts of the most mobile Fe forms were observed
in Fe-1.0 Si 1.6 mg Fe/kg. Existence of such low amounts of plant available
Fe is related to high pH and CaCO,. (Olomu et al., 1973).

In the second extracting step acid soluble Fe was determined
through removing adsorbed and weakly bound of Fe, in calcareous soils only
small amount of Fe is associated with carbonates. Fe concentration in this
fraction is very low due to buffenng capacity of the calcareous soil and
ranged between 1.2 and 10.5 mg kg™ soil.

Fraction-3 contains Fe bound to manganese oxides. The content of
Fe associated with manganese oxides was low and did not exceed 59.4mg
kg' soil.  Thus, this fraction, together with the previous two fractions,
generally found to represent minor pool of the total metal concentration of the
calcareous soil.

Substantial amounts of iron were found in the organically-bound
fraction (Fe-4) was determined by extraction with a complexing agent (e.g.,
potassium pyrophosphate at 0.1 M concentration). The amounts of Fe
associated with organically bound were in the range between 102.3 and
315.1 mg kg" soil. These data are in agreement with (Shuman, 1991).

Soil extractable fraction of Fe was predominantly present in the
amorphous Fe oxide fraction (Fraction- 5). The amount of Fe in this fraction
were ranged between 159.6 and 490.3 mg Fe kg™ soil. Amorphous Fe oxide;
ferrinydrite and poorly- crystaline Fe phases have been identified as
compounds that affect Fe solubility in near neutral, well aerated soils
(Schwertmann and Taylor, 1977, loeppert and Halmark, 1985).

The crystalline Fe oxide fraction is smaller as compared to
amorphous Fe oxides (table. 6). This phenomenon well explained by
schwertmann and Taylor (1977), they reported that soil organic and
particularly humic substrances may interact with surface bound Fe and this
process could inhibit the formation of crystalline Fe-oxides in favour of
amorphous Fe-oxides ferrihydrite. Also soil properties ¢can play and important
role for immoblization the Fe, under such condition with high pH and CaCO,
content, iron is immobilized in fcrm of hydroxide or hydrated oxides. Itis
believed that pH and CaCO, may be responsible for inhibit with formation of
crystalline particularly in calcareous soil than organic matter effect. Since
organic matter in our calcareous soil is quite low.

Iron held within silicate mineral structures, was extracted in the final
step using an HF based method. The amounts of Fe that is fixed in the crystal
lattice of minerals. This is in agreement with the result of (Shumon, 1991).

Inspit of the total content of Fe is quite abundant, the mobile fraction
is low due to the specific properties of calcareous soil. Data also observed
that amorphous and poorly crystalline of Fe phase influence the quantity of
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plant available Fe (Geiger and Loeppert, 1986). The plant available Fe was
correlated with the organic fraction (Loeppert and Halmark, 1985).

Table (6): Effect of ferrihydrite on iron fraction (ppm) in calcareous soil
after harresting of wheat plant ~
Fe level | Fe-1 | Fe-2 | Fe-3 |Fe-4 Fe-5 Fe-6 Fe-7
Treatment| mg Fe |(sol +|(acid| (Mn- | (OM- [(amorph)|(Cryst)| (Resid.)
_kg'  exch)| sol.) |assoc.)| bound)

Control 025 | 1.2 18.6 102.3 69.6 25.4 256
Fe" 25 030 | 24 20.4 110.0 156.2 40.1 348
Fe" 50 032 | 26 23.6 115.6 169.3 45.6 362
Fe*? 100 033 | 35 26.8 120.0 201.4 48.1 396
Fe" 25 032 | 24 25.2 135.6 222.9 46.1 418
Fe" 50 034 | 29 293 1428 243.5 49.3 426
Fe* 100 035 | 3.9 35.2 150.9 269.7 52.7 435

Fe-0.125 Si 25 065 | 3.0 30.4 190.4 290.8 50.3 452
Fe-0.125 Si 50 069 | 3.6 36.7 220.6 3101 59.4 466

Fe-0.125 Si 100 0.78 | 4.8 38.9 233.2 326.2 63.8 488
Fe-0.25 Si 25 070 | 4.0 37.3 2424 352.1 61.2 474
Fe-0.25 Si 50 083 | 56 40.6 253.8 366.4 66.3 500
Fe-0.25 Si 100 095 | 67 45.4 260.9 384.8 729 525
Fe-0.5 Si 25 0.81 6.2 434 2721 405.6 79.3 536
Fe-0.5 Si 50 046 | 6.9 48.9 279.6 435.8 52.1 566
Fe-0.5 Si 100 1.1 7.3 57.6 283.4 454.6 88.5 572
Fe-1.0 Si 25 094 | 71 50.1 246.7 466.3 40.3 589
Fe-1.0 Si 50 13 8.2 54.2 305.8 481.2 43.4 591
Fe-1.0 Si 100 16 | 105 | 544 315.1 490.3 96.7 612
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