
 

 

AJA VOL (3) ISSUE 2, 2016: 40-44 

 
Azarian Journal of Agriculture 

 
 

www.azarianjournals.ir 
 
Azarian Journals 

Research article                                                                                                              ISSN:2383-4420  
 

40 

Some extractable iron contents as influenced by some organic manures application in 
the soils of Lake Geriyo, Adamawa state, Nigeria 
Saddiq Abdullahi Muhammad1*, Solomon Rejoice Ibrahim1, Singh Lillan1 and Musa Aishatu Mala1 

Article Info ABSTRACT 
 
Accepted: 
2 Feb. 2016 
 
 

Organic manures are safer sources of plant nutrients and a good source of 
micronutrients therefore; pot experiments were carried out to estimate some extractable 
iron contents as influenced by organic manure application in the soils of Lake Geriyo, 
Adamawa state, Nigeria. Two types of organic manures; poultry droppings, cow dung 
and control were used for the experiment. Three levels of organic manures; 5, 10 and 15 
tons per hectare (ton ha-1) and three sampling time (30, 60 and 90 DAS were laid down 
in a completely randomized (CRD) design replicated three times.  Results obtained 
revealed that rate, type of organic manures and time of submergence significantly (P ≤ 
0.05) changed Fe content in the soil.  Mean extractable iron concentrations of 42.01, 
56.13 and 24.63 mgkg-1 were recorded for ammonium oxalate extractable iron, Citrate 
Bicarbonate Dithionite extractable iron and sodium pyrophosphate extractable iron in 
the first experiment while 45.81, 59.29 and 28.89 mgkg-1 were recorded for the second 
experiment respectively. However, CBD which extracts both amorphous and crystalline 
Fe recorded the highest Fe contents throughout the treatments with poultry droppings 
applied pots recording superior values than that of cowdung manure. similarly, higher 
values of oxa-Fe and Pyro-Fe were recorded in both manures compared to the control. 
In conclusion poultry droppings may result in iron accumulation and toxicity hence 
should be used with caution in the soil of Lake Geriyo and similar soils to avoid serious 
soil reduction leading to iron toxicity and soil phosphorus antagonism. 
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INTRODUCTION1 

ron (Fe) is ranked fourth in abundance after 
oxygen, silicon and aluminium in the earth’s 
crust (Schulte 2004). It is the most abundant of 

all the elements plants derived from the soil. Total 
iron concentrations in soils ranged from 1-5 % 
(Schulte 2004). Nutritionally, in plants system, Fe 
is classified as a micronutrient or trace element, as 
it is required only in small amounts (Brady and 
Weil 2008). Any problem with iron supply to 
plants is therefore one of availability in the soil 
because, most of the iron in soil is found in 
ferromagnetic minerals or as iron oxides and 
hydroxides, forms that are readily available for 
plant use (Ghodsie and Ahmad 2013). 
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Iron availability is very sensitive to soil pH, 
oxygen and organic matter content of the soil 
(Claudio et al. 2014). Iron solubility increases 
1,000-fold for every one unit change in pH. Soil 
oxygen reacts with iron to create Fe2O3, which is 
basically soil rust, if there is more oxygen in the 
soil, more soluble iron will be converted to soil rust 
(Schulte 2004). Factors that reduce soil oxygen 
include excess soil moisture and microbial activity. 
The addition of organic residue through microbial 
activity reduces soil oxygen because soil microbes 
consume soil oxygen as they decompose the 
residue (Brady and Weil 2008).  

Organic matter has the strongest attraction for 
iron than any other nutrient, therefore, it is a great 
storehouse for iron and helps maintain soil iron in a 
highly available chelated form that is readily taken 
up by the plant (Turner and Leytem 2004). 
However, the organic manure source is a 
determining factor in the quantity of iron 
complexes and released for plant uptake (Chen and 
Avnimelech 1986).  Many arid soils contain 5 to 50 
percent free limestone (CaCO3) and iron is readily 
adsorbed to the surfaces of the limestone mineral. 
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Soils with clay or silt size have much more mineral 
surface area to adsorb iron than soil that contains 
predominantly sand or gravel-size limestone (Parsa 
et al. 1979). Clay and silt texture are therefore, 
more susceptible to iron toxicity. Iron toxic soils 
have high amounts of reducible Fe, low pH, and 
low CEC and exchangeable K content (Ottow et al. 
1982). These may be associated with P and Zn 
deficiency and H2S toxicity (Kirk 2004). Schulte 
(2004) also linked Fe toxicity to water logging and 
anoxic soil conditions.  

The amount of extractable Fe2+ increases with 
the source and quantity of organic matter and 
reduced soil conditions (Ghodsie and Ahmad 
2013). It is enhanced by low initial soil pH, a 
sustained supply of organic matter and the absence 
of compounds with a higher oxidation state than 
Fe(III) – oxide (Ponnamperuma 1972). It also, 
increases with the duration of sub-mergence, 
potentially reaching peak values at about 2–8 
weeks after soil flooding and remains constant 
thereafter (Sadana et al. 1995). When field are 
drained, which results in a re-oxidation, Sahrawat 
(1979) reported that extractable iron content of the 
soil decreased significantly leading to 
detoxification of Fe2+ to Fe3+ (This re-oxidation has 
been shown to be either an enzymatic process 
involving aerobic microbes or an anaerobic 
microbial iron oxidation, involving both 
phototrophic and nitrate-reducing bacteria. 

MATERIALS AND METHODS 
The experiment was laid out in a completely 

randomized design (CRD) (as the soil samples 
were collected from the field and made into a 
composite sample before weighing it into the 
experimental pots i.e soil samples were 
homogenize as such, variation was eliminated 
hence the absence of blocking but replications to 
increase precision) replicated three (3) times with 
the following treatments; Organic manure source 
(three treatments): control, cow dung and poultry 
droppings; Organic manure level (three 
treatments): 5 ton ha-1, 10 ton ha-1 and 15 ton ha-1 

and Incubation time (three treatments): 30, 60 and 
90 days after submergence (DAS). 

The study was conducted at the Modibbo 
Adama University of Technology (MAUTECH), 
Yola, Soil Science Laboratory and Landscape unit, 
Girei Local Government Area of Adamawa State. 
The soil samples were collected from Geriyo which 
is located 2km North of Jimeta metropolis, Yola 
North Local Government Area, Adamawa State, 
within the savannah ecological zone of Nigeria 
(Tya Tahye 2011).   

Two organic manures; Cow dung and poultry 
(Broilers) droppings sourced from the university 
farm and other farms around were used. Nine kg (9 

kg) of soil samples (at field moisture condition) 
was collected from Geriyo and weighed into 
perforated plastic pots of height = 23.5cm, diameter 
= 22.5cm. This was kept under submergence at 
MAUTECH land scape unit.  

The organic manures; Cow dung and Poultry 
droppings were air dried and ground using 
porcelain mortar and pestle, sieved through a 2-mm 
sieve for laboratory analysis. Manure for 
incorporation into the experimental pots was 
ground to increase the surface area, before 
incorporating it into the soil for ease of 
decomposition. 

Soil samples were taken randomly across the 
experimental field (Geriyo) to a depth of 20 cm and 
bulked for laboratory analysis before the 
commencement of the research. In the laboratory, 
the soil samples were air-dried, crushed using a 
porcelain mortar and pestle and then sieved through 
a 2-mm mesh sieve. The sieved samples were 
stored in labeled polythene bags for laboratory 
analysis at the Modibbo Adama University of 
Technology (MAUTECH), Yola, Soil Science 
laboratory.  

Soil samples were collected from the 
experimental pots after every 30 days and were 
analyzed for pH, Available P and three extractable 
Fe (Ammonium oxalate, Citrate Bicarbonate 
Dithionite and Sodium pyrophosphate extractable 
iron) the soil pH was determined as described by 
Jaiswal (2003), Available P was determined as 
described by Bray and Kurtz (1945). Oxalate 
extractable iron, CBD extractable and 
pyrophosphate extractable iron were determined as 
described by Haluschak (2006). The data collected 
were analyzed using Statistical analysis software 
(SAS) (Arthur, 2013) and the means were separated 
using least significant difference (LSD) (Gomez 
and Gomez, 1984). 

RESULTS AND DISCUSSION 
Result on the effects of organic manures on 

ammonium oxalate extractable iron (oxa-Fe) 
showed that, there were highly significant 
differences (P≤0.01) among the level of organic 
manures on Oxa-Fe concentration in the first 
experiment (Table 1). The increase in oxa-Fe 
concentration with time of submergence and 
applied organic manures may not be unconnected 
to increased available P with Time and added 
organic manures. Studies have shown that greater 
availability of soil P under flooded condition is 
related to increased ammonium oxalate extractable 
iron (Khalid et al. 1977; Willet 1986). Similarly, 
Shahandeh et al. (1994) reported increased oxalate 
extractable iron in soils of southern U.S.A and 
attributed it to phosphorus availability.  
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Similar to Oxa- Fe, highly significant 
differences (P≤0.01) were observed among the type 
and rate of organic manures on citrate bicarbonate 
dithionite extractable iron (CBD-Fe) in the first 
experiment (Table 1). Increased concentration of 
Citrate bicarbonate dithionite extractable iron by 
applied organic manures was not consistent to 
support their influence on the concentration of 
CBD-Fe. However, CBD-Fe concentration 
increased with increasing time of submergence. 
Similar result was reported by Sadana et al. (1995). 

They reported that the extractable iron content 
increased with duration of sub-mergence, 
potentially reaching peak values at about 2–8 
weeks after soil flooding and remain constant 
thereafter. They linked the increase to the quantity 
of decomposable organic matter, temperature, 
and amount of available redox buffers. Similar 
result was also reported by Ghodsie and Ahmad 
(2013). The rise in CBD-Fe concentration with 
time of submergence may be attributed to the 
increase in Oxa-extractable iron (amorphous iron) 

Table 1. Effect of Rate, Time and Type of Organic Manures on soil pH, AVP and Some Soil Extractable Fe for First 
Experiment 

Trts pH AV.P (mg Kg-1) Oxa-Fe (mg kg-1) CBD-Fe (mg kg-1) Pyro Fe (mg kg-1) 
Level      

5 ton ha-1 7.09 5.47 42.08 55.67 23.16 

10 ton ha-1 7.01 6.28 41.94 56.19 24.30 

15 ton ha-1 6.92 7.45 42.00 56.52 26.40 

Mean 7.01 6.40 42.01 56.13 24.63 
LSD 0.227 0.941 0.03 0.063 0.031 
Time      

30 DAS 7.20 5.29 41.70 54.73 22.34 

60 DAS 7.01 5.79 41.93 56.60 24.47 

90 DAS 6.81 8.11 42.39 57.06 27.06 
Mean 7.01 6.40 42.01 56.13 24.63 
LSD 0.227 0.941 0.03 0.063 0.031 
Type      

Control 6.77 5.59 41.56 56.34 23.55 

Cow dung 6.91 6.12 42.07 55.84 25.62 

Poultry D. 7.34 7.48 42.39 56.21 24.71 

Mean 7.01 6.40 42.01 56.13 24.63 
LSD 0.227 0.941 0.03 0.063 0.031 

DAS = Days after submergence, Poultry D. = Poultry droppings, Oxa-Fe = Ammonium oxalate extractable iron, CBD-Fe = 
sodium citrate bicarbonate dithionite extractable iron, pyro Fe = sodium pyrophosphate extractable iron 

Table 2. Effect of Rate, Time and Type Organic Manures on soil pH, AVP and Some Soil Extractable Fe for Second 
Experiment 

Trts pH AV.P ( mg Kg-1) Oxa-Fe ( mg Kg-1) CBD-Fe ( mg Kg-1) Pyro-Fe ( mg Kg-1) 
Rate      

5 ton ha-1 6.81 15.88 45.85 58.88 25.93 

10 ton ha-1 6.93 17.51 45.77 59.97 26.40 

15 ton ha-1 6.97 20.72 45.81 59.33 28.34 

Mean 6.91 18.03 45.81 59.29 26.89 
LSD 0.142 1.43 0.143 0.179 0.259 
Time      

30 DAS 7.09 21.82 45.44 58.40 25.22 

60 DAS 6.80 11.83 45.76 59.49 26.48 

90 DAS 6.83 20.45 46.24 59.97 28.98 

Mean 6.91 18.03 45.81 59.29 26.89 
LSD 0.142 1.43 0.143 0.179 0.259 
Type      

Control 6.56 15.92 45.39 59.14 25.60 

cow dung 6.86 17.87 45.90 59.62 27.75 

Poultry D. 7.30 20.31 46.15 59.11 27.33 

Mean 6.91 18.03 45.81 59.29 26.89 
LSD 0.142 1.43 0.143 0.179 0.259 

DAS = Days after submergence, Poultry D. = Poultry droppings, Oxa-Fe = Ammonium oxalate extractable iron, CBD-Fe = 
sodium citrate bicarbonate dithionite extractable iron, pyro Fe = sodium pyrophosphate extractable iron 

Table 3. Characterization of Organic Manures 

 
Moist (% ) N (g kg-1) P (mg kg-1) %K OC (g kg-1)  pH        Fe (g kg-1) 

Poultry droppings 28.45 21.6 4250 3.01 220.1 8.2        0.2 
Cow dung 34.63 19.2 800 2.75 318.2 7.8        0.05 
Adopted from Solomon et al. (2014 a and b) only Fe (g kg-1) was determined during this experiment. 
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as well as increased clay content with time on the 
application of organic manures. Wongchandaeng 
and Keerati- kasikorn (2002) obtained similar result 
and attributed increased CBD-Fe content to the 
percentage clay content of the soil. Higher CBD-Fe 
was recorded throughout and treatments compared 
to either ammonium oxalate or sodium 
pyrophosphate. This concurred with the report of 
Wongchandaeng and Keerati- kasikorn (2002). 
They reported that CBD extracts both crystalline 
and amorphous iron whereas, ammonium oxalate 
and sodium pyrophosphate extract amorphous and 
organically bound iron respectively. 

The effects of organic manures on sodium 
pyrophosphate extractable iron (pyro-Fe) showed 
highly significant differences (P ≤ 0.01) in the first 
and second experiments (Table 1 and 2). Results 
obtained (Table 1 and 2) indicate synergy between 
pyro-Fe and time of submergence. Although the 
application of organic manures increased pyro-Fe 
concentration, type of the organic manures had 
greater impact on its concentration. The higher 
pyro-Fe concentration recorded by the cow dung 
application may not be unconnected with the 
organic carbon content of 31.82 % (Table 3) of the 
applied organic manure. Wongchandaeng and 
Keerati- kasikorn (2002) obtained similar result and 
reported that pyrophosphate extractable iron as well 
as crystalline and amorphous iron oxides was 
related to total organic matter and carbon. Turner 
and Leytem (2004) also reported that organic 
matter has the strongest attraction for iron than any 
other nutrient  and is a great storehouse for iron and 
helps maintain soil iron in a highly available 
chelated form that is readily taken up by the plant. 

CONCLUSION  
Concentrations of ammonium oxalate, CBD and 
sodium pyrophosphate extractable iron increased 
with time and application of organic manures. 
However, poultry droppings applied pots recorded 
higher extractable iron values which may result in 
iron accumulation and toxicity. Poultry droppings 
should therefore be used with caution in the soils of 
Lake Geriyo and similar soils to avoid serious soil 
reduction leading to iron toxicity and soil 
phosphorus antagonism. 
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