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ABSTRACT- The determination of soil supplying power for Mn and Fe was carried out on ten selected 
soil samples from northwestern coast and Sinai. Total Mn and Fe were determined and the soil samples 
were extracted by DTPA, where eleven successive extractions were obtained for each soil. Greenhouse 
experiment was conducted where alfalfa and sorghum plants were cultivated as test crops in a pot 
experiment. Sex successive cuts were obtained for alfalfa and five cuts for sorghum. 
 
 Results revealed that total Mn ranged between 143 and 305 mg kg-1, the correlations of total Mn with 
the examined soil variables were insignificant. Total Fe ranged between 4400 and 19600 mg kg-1 and 
correlated significantly with the clay and silt in the soils with and without CaCO3 and sand with CaCO3 . 
The successive extraction of Mn and Fe with DTPA showed continuous release of Mn and Fe with the 
successive eleven extractions. The highest extraction values were associated with soils having CaCO3> 
200 g kg-1 and those characterized by loamy texture. 
 
 Total biomass of alfalfa and sorghum followed the same trend of the total extractable Mn and Fe by 
DTPA. Significant correlations were found between total extractable Mn through sequence extractions by 
DTPA and total biomass. Total Mn and Fe uptake by plant followed also the same trend of the total 
extractable elements by DTPA. However, the correlation between the two components were statistically 
significant only in case of Mn. 
 
 During cultivation, the levels of the available forms of both elements representing the “intensity 
factor” increased possibly due to the effects of root exudate on the fractions representing the "capacity 
factor". The initial levels of both elements, particularly Mn, might not, accordingly, be taken as indicative 
of the actual levels upon which a fertilization policy is based.  
Key words: supplying power, iron, manganese, intensity factor, alfalfa, sorghum  
 

INTRODUCTION 
 
 Trace element content of soil is dependent, almost entirely, on the rock from which the soil parent 
material was derived and on the processes of weathering. Both pedogenesis and nature of parent material 
influenced the levels of heavy metals in surface soil horizons (Dudas and Pawlak, 1977). Brennan (1992) 
reported that the main sources of trace elements to plants are their growth media, e.g., nutrient solution or 
soils. One of the most important factors that determines the biological availability of a trace element is its 
binding to soil constituents. 
 
 Manganese and iron are two micronutrients and imply major constituents of the lithosphere. The 
chemistry of Mn in soils and soil solution is governed by pH and redox potential. Although Mn may form 
organic and inorganic complexes, in soil solution Mn2+ is the major species. In well-aerated calcareous 
soils, the solubility of Mn decreases with increasing levels of both CaCO3 and MnO2 due to the 
adsorption of manganese on CaCO3 and its oxidation on MnO2 surface and probably to the precipitation 
of manganese calcite. In calcareous soils, Mn availability to plants is mainly determined by soil structure 
and aeration (anaerobic microsites) and root-induced changes in the rhizosphere (Flessa and Fischer, 
1992). 
 
 Many reactions are involved in the solubility of Fe in soil, but hydrolysis and complexed species 
appear to be most the significant. Lindsay (1991a) reported that solubility of iron is largely controlled by 
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ferric oxides, especially ferrihydrite and amorphous ferric hydroxide and the formation of chelated iron 
drived from soil organic matter or microbial production of siderophores. 
 
 The principal limitation of soil testing methods is that they only characterize some of the factors 
which determine nutrient supply to the roots of field-grown plants. Current models for predicting nutrient 
availability and nutrient uptake under field conditions are therefore based on both soil and plant factors in 
which root parameters are the key element (Sims and Johnson, 1991; Marschner, 1993). 
 
 In soils, two important parameters influence the availability of an element to plant. These are, 1) the 
intensity factor, which is the concentration of an element in soil solution, 2) the capacity factor, which is 
the ability of solid phase in soils to replenish that element as depleted from solution. As plant removes 
ions from solution, the concentration of those ions in the immediate vicinity of roots is reduced and 
diffusion gradients are established (Lindsay and Norvell, 1978). 
 
 The aim of the current study was to estimate the status of Mn and Fe regarding their total content and 
available forms through successive extractions with DTPA. Also, successive extractions with extensive 
cropping using alfalfa and sorghum plants were conducted for determining the pools of these elements or 
intensity and capacity factors as well as their contribution to supplying power. 
 

MATERIALS AND METHODS 
 
 
 Representative surface soil samples (0-40 cm) were collected from ten cultivated soils to determine 
the soil supplying power for Mn and Fe. These soils were collected from northwestern coast (El-Kasr, 
Ras El-Hekma, Burg El-Arab, El-Hamam, El-Nubaria) and from the northern part of Sinai (Rafah, 
Lehfen, Wadi Sudr, Wadi Firan) and El-Salhiya areas. These soil samples are varied in their physical and 
chemical properties as indicated in Table 1 according to Page et al. (1982).  
 
 The soil samples were subjected to; (a) determination of total Mn and Fe contents, as reported by 
Page et al. (1982), (b) extraction and measurement of available Mn and Fe through eleven successive 
extractions by DTPA solution as described by Lindsay and Norvell (1978). (c) biological test using alfalfa 
and sorghum plants in continuous cropping in a pot experiment in a greenhouse to obtain several cuts.  
 

Plastic pots (13 cm depth, 15 cm diameter) were packed with the soil samples at a weight of one and 
half kg per each. Two crops were grown successively in the pots for about 13 months. The crops were 
treated as follows; 1) 100 seeds of alfalfa (Medicago sativa var moapa) were sown in each pot. Six cuts of 
alfalfa plants were taken, the 1st cut was collected after 60 days from planting, while the other cuts were 
taken every 35 days of after the 1st cut, 2) after the last cut of alfalfa plants, the soils of the pots were air 
dried, crushed and repacked in the same pots and then 100 seeds of sorghum (Sorghum vulgare var. 
Sudans) were sown in each pot. After a growth period of 60 days, the 1st cut was taken. Four other cuts 
were collected at 30 day intervals. The soil moisture content was raised initially to about field capacity 
and then the losses in soil moisture, as indicated by weighting, were compensated using distilled water. 

 
 Recommended doses of NPK nutrients were added to the soils after each harvest at the rate of 100 
mg kg-1 N as NH4NO3 and 40 mg kg-1 P and 41.5 mg kg-1 K as KH2PO4. Mg was added at the rate of 15 
mg kg-1/pot as Mg(NO3)2 after the 3rd cut of alfalfa plant and when sorghum seeds were sown. After each 
cut the plant samples were washed by distilled water, dried and ground using porcelain morter. 0.5 g of 
the powdered materials was digested using the ternary acid mixture of the concentrated acids; NHO3, 
HClO4 and H2SO4 as described by Page et al. (1982). 

 
 In order to follow the supplying power of the tested soils for Mn and Fe, six soil samples were 
collected from the pots after 1st 3rd, 5th, 6th, 9th and 11th cuts, in addition to the initial soil samples. 
Available Mn and Fe were extracted by DTPA and determined using an atomic absorption 
spectrophotometer, PYE Unicum SP 90 A 
. 
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Table 1 Some chemical and physical properties of the investigated soils 
Particle size distribution with (+) 

and without (-) CaCO3  

Sand % Silt % Clay % Location 
EC 

(dSm-1) 

pH 

(1:1)

O.M 

(g kg-1) 

CEC 

(C mol 
kg-1) 

CaCO3 

(g kg-1)

(+) (-) (+) (-) (+) (-) 

Textural  

Class 

El-Kasr 0.92 7.73 10.5 13.8 166 77.3 62.0 12.5 11.6 10.2 9.8 Sandy loam 

Ras El-Hekma 1.85 8.17 12.4 5.93 638 90.2 24.6 5.5 5.0 4.3 3.6 Sand 

Burg El-Arab 1.43 7.92 12.0 9.78 415 70.3 30.9 14.2 13.2 15.5 14.3 Sandy loam 

El-Hmmam 0.93 8.18 9.30 11.3 407 70.1 31.1 13.8 13.0 16.1 15.2 Sandy loam 

El-Nubaria 4.48 7.75 9.33 11.6 423 58.3 18.8 17.2 16.1 24.5 22.8 Sandy loam 

Rafah 0.81 7.77 12.2 5.25 77 97.7 90.4 2.4 2.8 0.9 0.5 Sand 

Lehfen 4.80 7.65 9.91 4.03 187 80.5 63.4 9.8 9.3 9.7 8.6 Loamy sand 

Wadi Sudr 5.45 7.90 10.7 11.8 561 58.1 2.6 28.8 26.7 13.1 11.6 Sandy clay 
loam 

Wadi Firan 1.47 7.74 9.85 8.37 89 95.1 91.1 4.8 Tr 0.1 Tr Sand 

El -Salhiya 3.70 8.15 5.77 11.9 37 88.8 85.9 6.3 6.2 4.9 4.2 Sand  

 
RESULTS AND DISCUSSION 

 
 
Total Mn and Fe in soils 

Table 2 shows that total Mn ranged from 143 to 305 mg kg-1 and the average was 213 mg kg-1 . The 
data revealed that total Mn varied widely and the studied soils had low to moderate Mn content. Most 
likely, that the soils were derived from various parent materials not originally rich in Mn bearing 
minerals.  
 
 In order to investigate the relation between total Mn and soil properties (EC, pH, OM, CEC, CaCO3 
and textural class) correlation coefficients were calculated and found to be insignificant in all cases. 
These are quite in agreement with Elsikhry (1999). 
 
 The data of total Fe revealed some wide variations between the values over the range 4400 to 19600 
mg kg-1 with an average of 13290 mg kg-1 . The lowest level characterized the sandy soil of Rafah, while 
the highest level was associated with sandy loam soil of El-Hammam. Total Fe was significantly 
correlated with clay and silt (with CaCO3 r = 0.349*, 0.378* and without CaCO3 r = 0.331*, 0.373* for 
silt and clay, respectively), while total Fe with sand containing CaCO3 was negatively correlated. The 
correlations with EC and CEC were below significance. Similar trends were reported by Zhang et al. 
(1997) who found that the variation in total Fe in the soil was significantly correlated with clay content. 
 
Table 2 Total Mn and Fe (mg kg-1 ) in the investigated soils 

Location Mn Fe 
El-Kasr 196 18000 
Ras El-Hekma 148 11700 
Burg El-Arab 143 14700 
El-Hammam 305 19600 
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El-Noubaria 205 14500 
Rafah 203 4400 
Lehfen 213 15700 
Wadi Sudr 266 18200 
Wadi Firan 207 9200 
El-Salhiya 244 6900 
 
Successive extraction of Mn and Fe using DTPA 
 The values of successive DTPA extractable Mn are illustrated in Fig. 1. As an average, data showed 
similar trends for sandy and loamy textured soils. There were variations in the DTPA extractable Mn, e.g. 
after the 1st extraction a drop was noticed followed by minor fluctuation. The soils displayed trends with 
different magnitudes. The summation curves showed differences in the total extractable amounts which 
ranged between 10.3 and 49.0 mg kg-1 with the lowest level associated with Lehfen soil and the highest 
with Nubaria soil. The average for soils containing below and above 200 g kg-1 CaCO3 , were 18.1 and 
31.1 mg kg-1, respectively. On basis of textural variation, the soils were grouped into sandy and loamy 
categories where the associated average were 15.5 and 33.7 mg kg-1 . 
 
 From the levels associated with each extractant, it could be concluded that the soils had low to 
moderate supplying power. Similar trends were obtained by Radwan (1991). The presence of Mn with 
each extractant is the resultant of dissolution of Mn bearing minerals. In this respect, Lindsay (1991 b) 
reported that the higher solubility of Mn in soils may be due to the formation of co-precipitates of Mn 
oxides with other heavy metals, particularly Fe. Other soil properties such as pH, redox potential clay and 
organic matter content can be effective on Mn solubility (Moraghan and Mascagni, 1991). 
 
 Iron concentrations in the successive extractions are illustrated in Fig. 2. Unlike the trend for Mn 
depletion, Fe maintained a high level over the first four extractions. This was followed by decreases in the 
Fe content with some irregularities. The total amount extracted ranged between 24.2 and 42.8 mg kg-1 , 
the former being associated with Wadi Firan soil and the latter with Nubaria soil. On comparative basis, 
the total DTPA extractable Fe was twice as much as total DTPA extractable Mn, particularly in the case 
of sandy soils. The levels were also higher in the highly calcareous soils. The average are outlined in the 
following: 

CaCO3 > 200 g kg-1 
soil 

CaCO3 < 200 g kg-1 
soil  

Loamy  
soil 

Sandy  
soil 

39.1 26.5 27.6 31.7    mg kg-1 
 
 The results are in agreement with those obtained by El-Mohtasem (1995). In this respect, Lindsay and 
Norvell (1978) mentioned that CO2 may increase the activity of CaCO3 as to promote the effectiveness of 
DTPA in complexing Fe in the highly calcareous soil. Furthermore, soil texture plays an important role 
connected with the range of particle size in which the soil mineral occurs. Rajkumar et al. (1990) 
observed that release of iron through weathering and transformation of clay and silt could be the main 
factor responsible for its high content in the soil formed from clay deposits.  
 
Biological Evaluation of Soil Supplying Power for Mn and Fe 

Dry matter production.  Fig. 3 includes data on the dry matter production for the successive cuttings 
of alfalfa and sorghum plants. In case of alfalfa, the depicted values are not indicative of any specific 
trend. However, the variation with CaCO3 content and texture could be indicated. Noteworthy, that sandy 
soils, which contained low levels of CaCO3 in the same time, were not able to produce alfalfa beyond the 
5th cut. 
 
 In case of sorghum, continuation of cropping was conducted on the same pots after removal of alfalfa 
roots. Unlike the trend for alfalfa, sorghum showed noticeable increase in dry matter production in the 
first cut, followed by rapid and progressive decreases towards the 5th cut. However, the production varied 
with the soil CaCO3 content and soil texture. As could be seen from Fig. 3, sorghum raised on sandy soils 
was not obtained beyond the 1st cut except for Ras El-Hekma soil which was sandy yet highly calcareous. 
Apparently, the higher production was associated with the highly calcareous and loamy soils. 
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 The highest level for total biomass (total dry matter production for both alfalfa and sorghum) was 
associated with El-Kasr soil which happened to be low calcareous and loamy in texture. For comparison, 
the lowest production was associated with El-Salhiya soil which was not able to produce beyond the 5th 
cut of alfalfa. High dry matter production from the soil containing relatively higher content of clay and 
silt may be ascribed to the continuous supplying power for both macro and micronutrients as compared 
with the other soil types. Similar findings were obtained by Ahmed (2000) who found that the highest dry 
matter yields were obtained from alfalfa plants grown on alluvial soil samples followed by those grown 
on calcareous and sandy ones. 

Manganese and iron uptake by plant . Manganese uptake by alfalfa plants is illustrated in Fig. 4. 
Ras El-Hekma soil displayed the highest uptake (1586 µg pot-1 ), while Wadi Firan soil showed the lowest 
uptake (430 µg pot-1) that it  was not able to produce any yield beyond the 5th alfalfa cut. Grouping of 
soils on basis of CaCO3 content and texture grade showed the following: 

 
> 200 g CaCO3 kg-1 

soil  
< 200 g CaCO3 kg-1  

soil  
Sandy  

soil 
Loamy 

soil 
1020 769 867 922  µg Mn pot-1 

 
Obviously, the higher values were associated with high CaCO3 content and loamy texture. 
 
 Regarding the total Mn uptake by sorghum plants, data in Fig. 4 show that the highest values 
characterized El-Kasr soil and the lowest ones associated with Wadi Firan soil. The grouping of data on 
basis of CaCO3 content and texture showed the following: 
 
> 200 g CaCO3 kg-1 

soil  
< 200 g CaCO3 kg-1 

soil  
Sandy  

soil 
Loamy 
soil 

881 912 516 1198  µg Mn pot-1 
 
Furthermore, the sandy soils were not able to produce any yield beyond the first sorghum cut. 
 
 Throughout, the experimental duration, Mn deficiency symptoms did not appear on the leaves of the 
test crops, plant analysis confirmed the conditions as it revealed the presence of Mn above the critical 
level, 20 ppm, set by Jones (1991). The above data indicate greater Mn uptake under conditions of high 
CaCO3 content and loamy texture soils. In this respect, Uren and Reisenaure (1988) stated that increased 
solubility of MnO2 by root exudates seems to result mainly from organic acids. Chelation of Mn2+ 
prevents its reoxidation and increase the mobility of reduced manganese in the rhizosphere. Warden 
(1991) added that in calcareous soils, mobilization of sparingly soluble Mn oxides in the rhizosphere can 
be the result of both root and microbial activity. Significant correlations were obtained between DTPA 
extractable Mn and total Mn uptake by alfalfa and sorghum plants (r = 0.798* and 0.808*). 
 
 
 
 Concerning Fe uptake by alfalfa plants, Fig. 5 shows variations ranging between 24.4 and 4131 µg 
pot-1 . The former characterized El-Hammam soil and the latter pertained Ras El-Hekma soil. The highest 
uptake values were observed in the second cut for the sandy soils of Ras El-Hekma and Rafah which 
contained the highest amounts of organic matter. In this respect, Mashhady and Rowell (1978) found that 
in alkaline soils with a high organic matter content the concentration of organic iron chelates in the soil 
solution can reach  values of 10-4 to 10-3 M. the average Fe values calculated on basis of CaCO3 content 
and texture showed the following values: 
 
 
> 200 g CaCO3 kg-1 

soil  
< 200 g CaCO3 kg-1 

soil  
Sandy  

soil 
Loamy  
soil 

2938 2507 2918 2526  µg Fe pot-1 
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 Regarding the Fe uptake by sorghum plants, Fig. 5 shows variations associated with CaCO3 content 
and textural class of soil. This could be indicated from the following set values: 
 
> 200 g CaCO3 kg-1 

soil  
< 200 g CaCO3 kg-1 

soil  
Sandy 

soil 
Loamy  
soil 

1635 1969 1155 2286   µg Fe pot-1 
 
 Generally, Fe uptake by sorghum was less than that by alfalfa. This may be due to the lower recovery 
rates of phytosidrophore secretion in sorghum plants compared with the other cereal species grown in 
calcareous soils (Singh et al., 1993). 
 

The correlations between cumulative DTPA extractable Mn and Fe and both of total biomass (alfalfa 
+ sorghum) and total plant Mn and Fe uptake were significant in case of Mn and not significant in case of 
Fe. The correlation coefficients associated with the significant relations were; between plant Mn uptake 
and total DTPA extractable Mn (r = 0.708*) and total biomass and total DTPA extractable Mn (r = 
0.726*). 
 
Changes in available soil Mn and Fe contents with continuous cropping 
 Mn and Fe in the studied soils were determined after 1, 3, 5, 6, 9, and 11 plant cuts using DTPA 
extractant, and presented in Table 3. It could be seen that available Mn increased with cropping above the 
initial level in soil. This could be the resultant of Mn transformations with irrigation and cropping over 
the 13 months duration of the experiment. In this respect, Grass et al. (1972) pointed out that the cropping 
sequence and longevity of some crops under irrigation resulted in the maintenance of reducing conditions 
in the soil. As a sequence, Fe and Mn compounds could be dissolved. This could be the same for the 
experimental soils having above and below 200 g CaCO3kg-1 (sands and loams). However, the sandy soils 
were not able to produce yield beyond the 5th cut of alfalfa. In case of the other soils which were able to 
continue to produce yield towards the 11th cut, DTPA extractable Mn droped after 3rd cut, yet still above 
the critical level which was set at 1.2 mg kg-1 (Elgala et al., 1986). Marschner (1995) reported that when a 
large organic carbon supply from the roots is combined with a low O2 partial pressure in the rhizosphere, 
high microbial activity might increase availability of Mn.  
 
 The trends of seasonal variation in DTPA extractable Fe associated with cropping, are different to 
those previously reported for Mn. Apparently the values showed within narrow limits without no specific 
trend. There was only one exceptional case associated with Rafah soil which released excessive Fe with 
cropping. In general, the values which did vary greatly with cropping, could be taken as indications of 
soil supplying power for Fe. Takkar (1969) stated that the lower amount of Fe and the time lag in its 
release in calcareous soils could be related to the presence of Fe oxides in highly crystalline forms. The 
sandy soils which failed to produce yield beyond the 5th cut could be considered as exceptional due to 
exhaustion of the nutrients. 
 
 During cultivation, the levels of the available forms of both elements representing the “intensity 
factor” increased possibly due to the effects of root exudates on the fractions representing the “capacity 
factor”. In this respect, Zhang et al. (1991) reported that in a particular type of root exudation exists in 
graminaceous species such as sorghum, the release of nonproteinogenic amino acids, the so called 
phytosiderophores is increased. Root exudates of iron-sufficient are able to mobilize iron and other 
micronutrient cations from calcareous soils. The mobilization of Mn is much high than other cations, this 
probably relating to Mn reduction by organic acids in the exudates. 
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Table 3 DTPA extractable Mn and Fe (mg kg-1) at the indicated cuts in the selected soil samples  
             which were taken during the successive cuttings of alfalfa and sorghum plants 

Mn Fe 
Cut No. Cut No. 

Before 
cropping 

1st 3rd 5th 6th 9th 11th Before 
cropping

1st 3rd 5th 6th 9th 11th 

Soil location

Sandy soils 
Ras El-Hekma 3.77 10.0 5.5 4.0 4.9 3.2 1.9 3.53 4.6 6.2 2.5 4.6 3.8 4.1 

Rafah 6.61 11.1 9.9 6.0 - 0.9 1.2 4.07 13.7 2.5 6.7 - 3.3 3.4 

Lehfen 2.03 6.2 11.0 8.3 - - - 3.20 3.4 1.9 1.2 - - - 

Wadi Firan 2.72 2.9 3.0 1.8 - - - 3.83 3.8 5.5 3.5 - - - 

El-Salhyiya 3.44 4.5 8.4 4.6 - - - 3.41 2.4 2.0 2.4 - - - 

 Loamy soils 
El-Kasr 7.72 20.2 26.9 21.0 12.0 6.0 2.6 2.33 3.5 3.7 3.3 1.9 4.8 4.3 

El-Hammam 4.71 8.0 4.1 11.4 9.7 15.0 1.6 3.50 1.0 2.1 2.6 1.5 2.6 1.9 

Burg El-Arab 4.90 15.4 20.8 20.1 5.5 1.0 0.8 3.81 2.0 1.8 3.2 1.0 2.5 3.7 

El-Nubaria 4.10 21.9 32.8 22.5 11.1 8.7 1.8 6.61 3.2 7.5 1.6 3.9 4.5 4.4 

Wadi Sudr 3.95 7.7 11.4 7.6 2.3 - - 4.73 3.3 2.6 2.8 3.4 - - 

* first 6 cuts pertaining to alfalfa and others for sorghum  
 The initial levels of both elements, particularly Mn, might not accordingly be taken as indicative of 
the actual levels upon which a fertilization policy is based. However, such conclusion needs additional 
extensive work to be established.  
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Fig. 2 Cumulative curves of Fe extracted by DTPA from the 

soil samples. 
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Fig. 1 Cumulative curves of Mn extracted by DTPA from 

the soil samples. 
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Fig. 2 Cumulative curves of Fe extracted by DTPA from the soil 
          samples. 
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Fig. 3 Cumulative curves of total dry matter yield of alfalfa and 

sorghum (first 6 cuts pertaining to alfalfa and others for 
sorghum). 
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Fig. 4 Cumulative curves of total Mn uptake by alfalfa and sorghum     
          plants (first 6 cuts pertaining to alfalfa and others for sorghum). 
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Fig. 5 Cumulative curves of total iron uptake by alfalfa and sorghum   
          plants (first 6 cuts pertaining to alfalfa and others for sorghum). 
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