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ABSTRACT

Two organic manures [Farmyard Manure (FYM) and Poultry Manure (PM)] and one inorganic fertilizer

(Urea) were evaluated for their proximate benefit as soil amendments to a severely degraded soil. The studies

were carried out at Item – Ikwo, Ebonyi State Nigeria during the 2005 and 2006 rainy seasons. Four rates (0,

10, 20, and 30 t ha ) each of FYM and PM respectively, and corresponding Urea rates (0, 50, 100 and 150-1

kg N ha ) were applied as soil amendments. On the average, application of 10 – 30 t ha  of organic manures-1 -1

improved soil pH by 8.5 – 19.5% for FYM and 11.5 – 25% for PM respectively compared to the control,

whereas Urea reduced pH by 0.8%. 10 – 30 t ha  FYM and PM improved soil organic matter content by 14-1

– 22 % and 15 – 26% in the first year, while in the second year the range of increase in organic matter were

15 – 24% and 16 – 28%, respectively compared to the control.  Soil N content significantly (P < 0.05)

increased in direct relationship with the rates of both the organic and inorganic manures. The organic manures

produced significant (P < 0.05) improvements in extractable P when compared with the inorganic fertilizer and

the control. Exchangeable K, Ca and Mg significantly (P < 0.05) increased in plots treated with 10 – 30 t ha-1

of FYM and PM, respectively when compared with the Urea treated plots and the control. It was concluded

that FYM and PM raised the fertility status of the soil more than Urea fertilizer, and that 30 t ha  FYM and-1

PM rates can substitute for urea in rice production in the study area. The highest rice grain yield of 4.65 t ha

 was obtained with the application of 30 t ha FYM, followed by 4.55 t ha  with the application of 30 t-1 -1 -1

ha  PM and 4.08 t ha  from 150 kg ha urea.-1 -1 -1  
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Introduction

The soils of the Abakaliki agro-ecological zone, in southeast Nigeria are mainly Ultisols (FDALR, 1985).

These soils commonly suffer from inadequate supply of the major plant nutrients. They are low in cation

exchange capacity (CEC), high in exchangeable Al and suffer deficiencies or toxicities of trace elements, as

well as having less favourable physical properties (FAO, 1986). The successful and continued use of the soils

for crop production requires a planned fertility restoration programme since pressure on the land has continued

to increase. The inhabitants of the Abakaliki agro-ecological zone are mostly rural farmers, who rely entirely

on the soil for their food and income. Land fallowing (for 4 years between crops) had been the soil

conservation practice traditionally used in the area. However, increasing demographic pressure, galloping
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urbanization and agricultural intensification have reduced the fallow periods to almost zero. The cumulative

effects have led to soil exhaustion and declining productivity. There is therefore an urgent need for

economically viable systems of reclamation, if these soils are to provide for sustainable agricultural

developments (Tanton, 1989).

The farmers are aware that use of mineral fertilizers is essential on these soils for successful arable crop

production. Owing to scarcity and high cost of fertilizers, they apply only small quantities that are five to

twenty times lower than the recommended rates. Similar low rates of fertilization have been reported in similar

circumstances elsewhere in the world (Ragland and Boon Puckleel, 1987). Returns on investment may be

negative in these situations.

The poor economic base of the rural farmers means that they need a low cost input as an alternative to

mineral fertilization to enhance the productivity of the soils. Farmers in the agro-ecological area practice mixed

farming, keeping cattle and poultry alongside their crop farming. Heaps of FYM and PM litter the farmers’

compounds and surroundings. These are eventually disposed off without realizing their agricultural benefits.

Application of these organic manures to the soil can serve as a viable alternative to inorganic fertilizers.

Organic manures have been found to improve the productivity of most soils, especially Ultisols by their ability

to supply plant nutrients (Kuo and Baker, 1982; Von Uexkull, 1982; Salim, 1991 and Mbagwu et al., 1994).

Information on the effects of organic manures on soil chemical properties in the Abakaliki agro-ecological

zone is scarce. The study therefore is aimed to determine the changes in soil chemical properties after various

rates of application of PM and FYM, and urea, and their influences on rice growth and grain yield.

Materials and methods

Study site

The investigations were conducted during the 2005 and 2006 cropping seasons, at the Research Farm of

the Ebonyi State Rice Projects at Item – Ikwo. The site is located within longitude 80  15 E and latitude 60 1 0

00  N. The surface soil texture class is of silt clay loam with fairly good drainage. The experiment was1

conducted on land that has been under rice production the previous year. The physical and chemical properties

of the soil before the experiment are presented in Table 1.

 

Experimental design

The experimental design used was a 3 x 4 factorial in a randomized complete block design (RCBD) with

three replications. Four levels each, of PM, FYM and urea formed the treatments. The PM and FYM levels

were: 0, 10, 20, and 30 t ha , whereas the corresponding urea levels were 0, 50, 100 and 150 kg N ha . A-1 -1

total of 36 treatments units were used for the experiment. The experimental area measured 58.5 x 13 m (760.5

m ). Each replicate measured 58.5 x 4 m (234 m ) and each experimental plot measured 4 x 4 m (16 m ).2 2 2

0.5m alleys separated the replicates and plots from each other. Land preparations and treatment applications

were done in the second week of June each year.

Treatments were randomly allocated to the plots in the blocks by a lot method. The rice variety ITA 306

was used as the test crop. Plots were ploughed once and harrowed twice and bonded before cropping. The

organic manure treatments were applied after harrowing and thoroughly incorporated with a hand hoe into the

soil in the appropriate plots, two weeks before transplanting the test crop. The urea was applied in two split

doses. Half the rate was applied basally to the appropriate plots by the end of June, four days before

transplanting, while the remaining half was applied at 75 days after transplanting by hand broadcasting. The

rice seeds were sown in a wet nursery and the seedlings transplanted at 21 days after emergence. The seedlings

were transplanted two per stand at 25 x 25 cm plant spacing giving a plant population of 160, 000 seedlings

per hectare. Weeds were controlled manually, twice before crop maturity.

 

Soil sampling and measurements

In May 2005, prior to tillage operations, composite soil samples were taken at 0 – 20 cm depth from the

experimental area by a free survey method. At the end of each season, soil samples were taken at the same

depth from each plot. The soils were air dried and ground to pass a 2 – mm sieve and sent to the laboratory

for determination of the chemical properties. For soil organic carbon determination, part of the soil was sieved

using 0.5 mm sieve. Organic carbon was determined by the wet oxidation method, and a factor of 1.724 was

used to convert organic carbon to organic matter assuming that soil organic matter consist of 58 % organic

carbon. Soil pH was measured in 1:1 soil to water suspension using a glass electrode pH meter. Exchangeable
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cations were extracted using the ammonium acetate method (Chapman, 1965). Potassium was determined with

a flame photometer, and Ca and Mg were measured by atomic absorption spectroscopy. Extractable P was

extracted by Bray II extractant and determined with a spectrophotometer.

Data analysis 

The data collected were statistically analyzed as outlined in SAS (1999)

 

Results and Discussion

The soil properties (Table 1) indicate that the soil of the study area had relatively low levels of the major

elements and organic matter. Enwezor et al. (1988) established 1.2% as a critical level of organic matter, 1.2

– 1.75% as a marginal range and above 1.75% as an adequate level of organic matter for good fertility status

of soil of the area. The low level of soil organic matter may have affected the level of the major elements in

the soil. Such a soil would require organic manure application for satisfactory crop production. Organic

manures would increase nitrifying activities of microorganism in the soil, decrease nutrients losses and

deficiencies by increasing the buffering capacity and increasing the general soil cation exchange capacity. 

Table 1: M echanical and Chemical Properties of the soil before the research

Particle size distribution (g kg )  -1

Sand 220

Clay 320

Silt 460

 Chemical properties  

Soil pH (1:1; soil : water) 4.60

Organic matter (g kg ) 1.09-1

Total N  (g kg ) 0.08-1

Total P  (g kg ) 57.5-1

Exchangeable Cations (Cmol + kg )  -1

Ca 2.13

K 0.17

M g 1.46

Al 0.36

Base Saturation (%) 58.00

Soil chemical properties 

The chemical properties of the soil after the experiment are presented in Table 2. The composition of

manure might have had a high value in nutrient elements compared with inorganic manure. Farmyard manure

and poultry manures contain high levels of N, P and Mg, organic matter, K, Ca and P. (Ambeager, 1987).

These relatively high values might have influenced the post application nutrients contents of the soil on the

plots that received organic manure amendment.

Table 2: Effects of Organic and Inorganic Manures on Some Soil Chemical Properties

Manure Rate Organic pH N K Mg Ca P Organic pH N K Mg Ca P
Type Matter Matter
 (t ha -1)   (%)  (%)  Cmol (+) / Kg (mg kg -1) (%)  (%)  Cmol (+) / Kg (mg kg -1) 

 First Year Second Year
----------------------------------------------------------------------------------------------------------------------- -----------------------------------------------------------------------------------------------
FYM 0 1.09 4.67 0.08 0.23 1.40 2.13 41.50 1.08 4.67 0.08 0.23 1.30 2.23 41.05
 10 3.50 5.03 0.14 0.38 1.99 3.77 44.11 3.62 5.20 0.15 0.40 2.07 3.82 46.21
 20 3.63 5.57 0.17 0.41 2.25 4.21 46.47 3.73 5.62 0.18 0.46 2.36 4.51 48.59
 30 3.95 5.57 0.25 0.52 2.48 5.52 51.13 4.07 6.10 0.25 0.55 2.64 5.30 52.10
 Mean 2.50 5.21 0.16 0.39 2.03 3.91 45.80 3.13 5.40 0.16 0.41 2.09 3.40 46.99

PM 0 1.09 4.67 0.08 0.23 1.40 2.13 41.50 1.08 4.67 0.08 0.23 1.30 2.23 41.05
 10 3.63 5.17 0.13 0.30 1.98 3.88 43.99 3.65 5.38 0.13 0.38 2.00 4.16 45.05
 20 3.79 5.97 0.18 0.38 2.29 5.19 45.39 3.82 6.22 0.16 0.41 2.32 5.30 48.20
 30 4.10 5.57 0.24 0.44 2.39 6.55 50.07 4.30 6.50 0.22 0.52 2.56 6.42 52.37
 Mean 3.15 5.35 0.16 0.34 2.02 4.44 45.23 3.21 5.70 0.15 0.39 2.05 4.53 46.67

Urea* 0 1.09 4.67 0.08 0.23 1.40 2.13 41.50 1.08 4.67 0.08 0.23 1.30 2.23 41.05
 10 1.06 4.64 0.13 0.24 1.38 2.14 41.49 1.04 4.60 0.13 0.23 1.40 2.17 41.32
 20 1.08 4.63 0.18 0.23 1.34 2.13 42.44 1.06 4.61 0.19 0.24 1.40 2.13 41.30
 30 1.02 4.64 0.23 0.22 1.39 2.17 41.45 1.03 4.62 0.22 0.23 1.39 2.14 41.33
 Mean 1.06 4.16 0.16 0.23 1.38 2.14 41.75 1.05 4.63 0.16 0.23 1.37 2.17 41.25

F-LSD Source 0.86 1.02 NS 0.10 0.56 1.12 2.31 0.62 0.74 NS 0.09 0.63 1.21 2.24
 (P < 0.05) Rate 1.71 0.28 0.05 0.12 0.58 1.21 1.46 1.56 0.25 0.07 0.10 0.56 1.10 1.32
 Source  1.11 0.26 NS 0.08 0.57 1.02 2.27 1.32 0.24 NS 0.06 0.50 1.04 1.25

x Rate

*Urea rates of 0, 50, 100 and 150 kg N ha  correspond to 0, 10, 20 and 30 t ha , respectively-1 -1

Least significant difference at p<0.05; NS: not significant.
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Soil organic matter

Application of farmyard manure and poultry manure at 10 – 30 t ha  significantly (P = 0.05) raised soil-1

organic matter levels compared with the control (Table 2). Application of urea did not affect soil organic

matter levels. The increased rate of organic matter that was obtained with application of the organic manures

was anticipated. Sweeney and Gratez (1991) and Weixu (1991) had earlier reported that application of animal

manure increased organic matter.

Soil pH

The organic amendments raised the pH status of the soil whereas the soil pH declined with inorganic

amendment. Application of 10 – 30 t ha  of farmyard manure and poultry manure brought about significant-1

improvements in soil pH compared to the control and where corresponding levels of urea were applied to the

soil. The reduction in soil pH with addition of urea amendment was as a result of changes in pH of the soil

medium. Most N fertilizers are known to increase the soil acidity. The N fertilizers form nitrate in the soil

when leached down, it removes equivalent amount of lime forming cations (Ca and Mg). Kang et al. (1997)

also reported that N fertilizer application induces acidity and in turn reduce the availability of other nutrient

elements. On the other hand, the organic amendments increased the soil buffering capacity. The improvement

in soil pH associated with the application of organic manures was attributed to their high content of Ca and

Mg which had liming effect on the soil. It is also most likely that the displacement of hydroxyl ions (OH )-

from charged oxide surfaces of sesquioxides by organic anions by both organic manures applied might have

reduced exchangeable acidity. Similar liming effects were obtained with cowpea residue (Arya et al., 1991)

and other organic manure (Wahab and Lugo-Lapez, 1980; Okpara-Nadi et al., 1987; Holland et al., 1989 and

Tropsoils, 1991).

 

Soil N

There was no significant “main” effect of amendment type on the soil N level. Both the organic and

inorganic amendments significantly (P < 0.05) increased soil N as the rate of application increased. All the

cases of increase in applied amendment rates significantly increased the levels of soil N compared to the

control. The result revealed that adequate quantity of organic manure could mineralize and release into the soil

an amount of N that can substitute for inorganic nitrogen (N). Salim (1991) also found that net mineralization

and release of N and other nutrients from organic materials containing high amount of nutrient compares

favourably with that from inorganic N from urea.

 

Soil extractable P

Source of manure produced significant differences in soil extractable phosphorous. The organic manure

sources produced significant (P < 0.05) improvement in extractable P compared to the inorganic fertilizer and

the control. There was no significant improvement in soil extractable P as a result of application of urea. All

application rates of farmyard manure and poultry manure significantly (P < 0.05) increased soil extractable P

compared to the corresponding levels of inorganic fertilizer and the control. The rates of urea did not produce

significant differences in soil extractable P. The significantly increased levels of soil P observed in plots treated

with 10 – 30 t ha  of organic manure in the study was attributed to the mineralization and liberation of-1

organic P bound in the organic manures into the soil. Singh et al., (1981), and Kuo and Baker (1982) also

reported that organic manure considerably increased soil available P, most of which remained on the topsoil

2(0.30 cm). It is possible also that other products of mineralization such as CO  and carbonic acid could have

dissolved iron and aluminum phosphate, thereby liberating phosphorous into the soil solution and making it

more available, as was found by Salim (1991).

 

Exchangeable K, Ca and Mg

There was a significant difference in soil exchangeable cations among the manure sources. Soil

exchangeable K, Ca, and Mg levels were significantly (P < 0.05) higher in the plots treated with FYM and

PM than in the urea treated ones and the control. The higher levels of soil exchangeable K, Ca and Mg

observed may be due to the higher organic matter levels in those plots. Soil organic matter is a reserviour of

these nutrients elements, and the decomposition and mineralization of the manures led to the release of higher

levels of the elements into the soil. It was believed that the significantly higher levels of Ca and Mg contained
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in the organic manure sources raised the soil pH. This condition could contribute to better cation levels and

retention (Iwuafor et al., 1991).

Crop Growth and Yield

The result of the effect of the amendments on growth and yield of the crop is presented in Table 3. The

manure sources did not produce significant differences in crop attributes measured. The plant height, tiller

number, and grain yield were statistically comparable among the plots treated with corresponding rate of FYM,

PM and Urea. Plant height, tiller number and grain yield increased linearly with increasing rates of organic

and inorganic manure amendments. There was a slight increase in the growth and yield of the crops on organic

manure amended plots in the second year compared to that of the first year. The higher yield in the second

year was attributed to the residual effect of the organic manure amendments. On the other hand, grain yield

dropped by 0.44 t ha  in the inorganic manure amended plots during the second year compared to that of the-1

first year. This situation was ascribed partially to the acidifying effect of urea on soils, and its adverse effect

on soil chemical conditions. Soil acidity limits the releases of essential nutrients and also encourages the

release of trace elements e.g. Lead (Pb), Iron (Fe) and Aliminum (Al) which are toxic and inhibits the growth

and yield of crops. The highest grain yield of 4.46 t ha in the experiment occurred in the plots treated with-1  

30 t ha FYM, followed by 4.55 t ha  grain yield in the plots treated with 30 t ha  PM and 4.08 t ha  grain-1  -1 -1 -1

yield in plots treated with 150 kg N ha  as urea. It was observed that the continued application of organic-1

amendments could remedy the observed soil chemical constraints and lead to improvement in the soil fertility.

The improvement in the organic matter levels, in the organic manure amended plots led to the improvement

in the fertility of the soil and comparable grain yield with the inorganic manure amended plots. This occurred

not only because of the N contents of the organic amendments, but also the additional macro – and – micro

nutrients content of the organic manure. There could also be improvement in the soil structure which could

have brought improvement in the soil aeration, porosity, root penetration and reduced loss of nutrients through

surface flow. Soil organic matter had been reported to be a store of plant nutrient elements, and that the benefit

is not only in its ability to supply plant nutrient elements but that it also influences other soil properties

including infiltration, bulk density, cation exchange capacity (CEC) and biological activities all of which are

important determinants of crop growth and yield (Jeff – Mitcheell et al., 1996). 

Table 3: .Effect of Different Sources and Rate of Soil Amendm ent on Some Crop Attributes

1   Year 2    Yearst nd

---------------------------------------------------------------------------------------------------- ----------------------------------------------------------------

Crop Attributes M anure type M anure Rates (t ha )* M anure Rates (t ha )*-1 -1

---------------------------------------------------- ----------------------------------------------------------------

0 10 20 30 M ean 0 10 20 30 M ean 

Plant Height (cm) FYM 47 151 170 181 137.25 48 184 191 196 154.75

PM 47 152 173 180 138.00 48 185 191 198 155.50

Urea 47 152 164 174 138.25 48 184 189 192 153.25

Tiller Number FYM 16 28 31 46 30.75 18 28 45 48 32.25

 (Per Stand) PM 16 28 35 42 30.25 18 27 40 44 34.75

Urea 16 20 27 36 30.75 18 20 36 40 28.50

Grain Yield (t ha ) FYM 1.08 2.63 3.73 4.10 2.89 1.05 2.70 3.84 4.65 3.06-1

PM 1.08 2.59 3.68 4.15 2.88 1.05 2.66 3.89 4.55 3.04

Urea 1.08 2.49 3.59 4.08 2.59 1.05 2.67 3.75 4.54 3.00

Plant Height Tiller Num ber (Per Plant) Grain Yield (t ha )-1

------------------------------------ --------------------------------------- ---------------------------------------------------

1  Year 2  Year 1  Year 2  Year 1  Year 2  Yearst nd st nd st nd

(P  = 0 .05)FLSD 

Source NS NS NS NS NS NS

Rate 6.83 4.75 3.26 2.22 0.28 0.67

Source x Rate NS NS NS NS NS NS

*Urea rates of 0, 50, 100 and 150 kg N ha  correspond to 0, 10, 20 and 30 t ha , respectively-1 -1

Least significant difference at p<0.05; NS: not significant.

Conclusion

The study confirmed the relevance of soil organic amendments in improving the fertility of degraded soils.

Soil pH, organic matter, P, K, Ca and Mg content were significantly improved with application of 10 – 30

t ha  organic manure when compared with the inorganic fertilizer amended soil and the control. From overall-1

assessment of the study, it was concluded that farmyard manure and poultry manure application could serve

as an alternative soil amendment input towards raising the fertility status of the soil, and that 30 t ha  FYM-1

and PM rates can substitute for urea in rice production in the study area. 
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