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Abstract: The soils of Ebonyi State South agro-ecological zone of south-eastern Nigeria are plagued with
characteristics that impede optimal crop production. In order to arrest the declining productivity of the
degraded soils in this zone, an appropriate soil management practices are needed. An investigation to evaluate
the influence of soil amendments (rice husk dust and rice husk ash supplemented with poultry droppings) on
some selected soil chemical properties, growth and yield of maize (Zea mays), was carried out at Federal College
of Agriculture Ishiagu, Ebonyi State. The treatments were fitted into a split- plot in a randomized complete block
design (RCBD) with three replications. Two soil amendments (Rice husk and rice husk ash) were the main plot
treatments, whereas the six levels of the soil amendments (12.5t/ha, 10t/ha,7.5t/ha, 5t/ha, 2.5t/ha and control)
were the sub-plot treatments. The test crop was maize (Orba- super 2 variety). Soil chemical properties evaluated
were pH, organic carbon, total nitrogen and exchangeable bases (K , ca  Mg  and Na ). Others included CEC,+ 2+, 2+ +

exchangeable acidity and available phosphorous, while the maize cob yields was measured. The soil
amendments showed significant improvement on the soil pH, organic carbon and showed no significant effect
on total nitrogen. Generally, essential plant nutrients as exchangeable K , Ca Mg and Na  were improved by+ 2+, 2+ +

the amendments. Similarly the CEC and available phosphorous were equally significantly improved by the soil
amendments. Maize yields even though not enhanced by factor A, but was statistically improved by the
different amendment levels. The study revealed the superiority of RHA and RHD in the improvement of most
of the chemical properties of soil and in production of maize in southeastern Nigeria.

Key words: Agro-ecological zone  Soil amendments  Rice husk dust  Rice husk ash  Soil chemical
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INTRODUCTION effect on the soil needs the supply of the necessary

Maize  is  a \staple food in many parts of the tropics. satisfactory yield [2].
It is also an important food for livestock. Over the years, the intensive cultivation of

The grain is used industrially for starch and oil introduced high-yielding crop varieties has resulted to
extraction. In recognition of the current global food crises, depletion of mineral nutrients and hence increased soil
Nigeria currently pursues policy of expanding the land acidity. Incidentally, the supply of organic manure is not
area under cultivation as well as intensifying crop enough especially in urban areas to substitute the use of
production by continuous cropping system, of which chemical fertilizer that has been increasing the acidity
maize is included [1]. levels of tropical soils, as a quick means of restoring the

The improved performance of maize as a result of soil fertility without possible increase in pH of the soils.
added manure is due to the supply of nutrients elements Soils of southeastern Nigeria are poor in their native
to the plant and maize being a crop that has exhausting availability of nutrients [3-5]. Ash and rice husk dust

nutrients in the correct proportions to produce a
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applications may help in coping with the low nutrient of maize production. In regard to the above reports,
levels in these soils. Witt et al. [6] showed that nutrient continued crop production in soils treated with such
management should  be  offered  greater  attention in amendments can gradually decrease the organic matter
order to obtain appreciable yield. In Ebonyi State of content of the soils and, hence, soil fertility and crop
southeastern Nigeria, large quantities of these fresh and yields. Therefore, applying ash and animal waste to
partially burnt rice-mill wastes accumulate from numerous farmland after recycling has been one effective way to
rice mills in different parts of the State. Despite the improve the physical, chemical and microbiological
magnitude of these wastes generated daily and the properties of soils. 
possible effects on the environment, no serious attempts The objectives of the study aimed to ascertain: (1) the
have been made either for their effective utilization or safe relative improvements of the soil chemical properties and
disposal. The only disposal attempt  is  the  partial maize production by the rice husk dust and rice husk ash
burning of the wastes at the various dumping grounds, in Ishiagu and (2) the level(s) of rice husk dust and rice
after which no agricultural uses of the wastes are made as husk ash that will give best improvement on the soil
a way of recycling. chemical properties and maize yield performance.

Ash which is a good acid neutralizing agent and has
the ability to supply the soil with bases can be used to MATERIALS AND METHODS
amend such soils with acidic characteristics. It has been
stated that ash can be used to counteract natural and Experimental Site: The experiment was conducted in 2011
authropogenic acidification of soil and loss of nutrients at the Research Farm of Federal College of Agriculture,
[7]. Also,   rice  husk/dust  can  be  used for  the Ishiagu. The area lies within latitude 05°56´N and
improvement of nutrient status of such soils as it contains longitude 07°41´E in the Derived Savannah Zone of
those elements like Ca, Mg, S, Na, Cu, Mn, Fe, K, P, N and Southeastern Nigeria. The mean annual rainfall for the
other elements necessary in plant nutrition and for soil area is 1350 mm, spread from April to October with
improvement [5, 8]. However, rice husk dust is an excellent average air temperature being 29°C. The underlying
source of organic matter and contains an estimated of geological material is Shale formation with sand intrusions
0.45%,0.25% and 0.45% nitrogen, phosphorus and locally classified as the ‘Asu River’ group. The soil is
potassium respectively and thus, plays a role in nutrient hydromorphic and belongs to the order Ultisol. It has
up-brining [8]. been classified as Typic Haplustult [13]. Using a

Ash is a powdery substance that remains after a composite sample from the top- (0-20 cm) soil region at the
material has burnt, such as wood, leaf or rice husk [9]. study site, the soil was characterized before land
Ojeniyi [10] stated that ash reactivate arable soil of the preparation. The soil is sandy loam with moderate soil
physical, chemical and biological qualities as a result of organic carbon (OC) content, low in pH and cation
inappropriate handling, unfavourable climatic condition as exchange capacity (CEC), with dominance of the exchange
well as continuous cropping, over-usage of land and complex site by calcium and magnesium (Table 1).
persistence use of inorganic fertilizer. Ojeniyi [10] and The  soil  amendments  comprised  partially burnt
Abyhammer et al. [11] also stated that these activities like rice-mill wastes (rice husk ash) and fresh rice-mill wastes
continuous cropping and over-usage of inorganic fertilizer (rice husk dust) collected respectively from a rice-mill
causes increase in soil acidity and degradation in soil industry; all within the vicinity of the study site.
physical properties which lead to crop yield failure.

The acid neutralizing capacity of rice husk ash mainly Field Study: The experimental design was a split-plot in a
depend on the content of oxides, hydroxides and randomized complete block design (RCBD). The factors
carbonates of Ca, Mg, P and K and has been found to were considered, A and B, (rice husk dust and rice husk
increase the microbial activities in the soil [12]. ash as factor A, while the levels of the soil amendments

Adekayode and Olojugba [7] reported that (treatments) represented factor B which were replicated
significantly higher maize grain was obtained in 200 kg/ha three times in each of the main plot. The levels of the soil
NPK 15-15-15 plus 2 t/ha wood ash mixture. Also a amendments  (Rice  husk  dust  (Factor A )  and Rice
combination of both organic and inorganic nutrient husk  Ash  (Factor  A ) include: T  -12.5t/ha; T  - 10t/ha;
sources gave higher maize grain yield than when each was T  - 7.5t/ha; T  - 5t/ha; T  - 2.5t/ha and T  - 0t/ha. Poultry
applied separately and the reduction in the rate of dropping  was  used as basal application at 10t/ha in all
inorganic  fertilizers  would  increase  the  profit  margin the plots except the control plots. The poultry  dropping

1

2 1 2
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Table 1: Some properties of the topsoil (0-20cm) before amendments.
Soil property Value
Clay (%) 18.7
Silt (%) 15.1
Total sand (%) 66.2
Textural class sandy loam
Organic carbon (%) 0.97
Total nitrogen (N) (%) 0.098
pH 4.91
Exchangeable bases (cmolkg )1

Sodium (Na) 0.169
Potassium (K) 0.25
Calcium (Ca) 1.60
Magnesium (Mg) 1.10
Cation exchange capacity (CEC) 1.14
Exchangeable acidity (EA) 2.0
Available phosphorus (mg/kg) 7.83

Table 2: Nutrient compositions (%) in the amendments
Amendment
------------------------------------------------------------------------------
Poultry Rice husk Rice husk 

Property dropping (PD) dust (RHD) ash (RHA)
OC 16.52 33.75 3.89
N 2.1 0.7 0.056
Na 0.34 0.22 0.33
K 0.48 0.11 1.77
Ca 14.4 0.36 1.4
Mg 1.2 0.38 5
P 2.55 0.49 11.94
C:N 7.87 48.21 6.71

applied served as a source of nitrogen which is lacking in
the rice husk ash and little in rice husk dust used.

Field Preparation, Data Collection and Analysis: The
experimental site was cleared and the topsoil samples were
taken for initial soil characteristics. The poultry dropping
as basal and rice husk dust were applied one week before
planting, while rice husk ash was applied two days before
planting. The maize seed used was Orba super 2 variety.
The seed was treated with apron plus before planting to
avoid pests attack before germination. It was planted with
the spacing of 75cm and 50cm, inter and intra rows,
respectively. Three months after planting (early August,
2011), maize dried cobs were harvested and de-husked.
This was followed by shelling of the grains, which were
later sun dried and the yield computed at 90% dry matter
content. At the end of the harvest, soil samples were
collected from all the plots for chemical analyses. The soil
samples were air-dried and sieved with 2-mm sieve and
analysis done using the soil fractions less than 2 mm. Soil
pH was measured in a 1:2.5 (soil:0.1 M KCl) suspensions.
The soil OC was determined by the Walkley and Black
method  as  described  by  Nelson  and  Sommers  [14].

The total nitrogen was determined by the method
described by Bremmer and Mulvancy, [15]. Exchangeable
bases were determined by the method of Thomas [16].
The CEC was determined by the method described by
Rhoades [17], while exchangeable acidity (EA) was
measured using the method of McLean [18]. Available
phosphorus was measured by the Bray II method [19]. 

Statistical analysis of all the data was performed by
the analysis of variance (ANOVA) test and statistical
differences among treatment means were estimated by
Fishers Least significant Difference (F-LSD).

RESULTS AND DISCUSSION

Effect of Soil Amendments on Soil Ph, Total Nitrogen
(%) and Soil Organic Carbon (%) on 0-20cm Top Soil:
The effects of the soil amendments on the soil pH, OC and
TN are shown in Table 3. Generally, the amended plots
showed a significant (P < 0.05) improvement in soil pH
over the control plots. The results (Table 3) showed a
statistical difference in both factors (RHA and RHD) on
the soil pH. The result also indicated that rice husk ash
(RHA) increased the pH statistically higher than the rice
husk dust (RHD) in most treatment levels. Generally, the
increase in pH was higher in plots amended with higher
levels of both factors. In the case of the RHA, it could be
due to its higher contents of Ca, Mg and K compared to
the RHD. It has been shown that the oxides and
hydroxides of Ca, Mg and K contained in ash from plant
residues makes its mode of actions similar to that of burnt
or hydrated lime [20].The result therefore showed that all
the treated plots improved pH higher than the control.
This confirms the findings of Ohiri and Ano [21] who
stated that the use of plant materials as organic manures
increases the pH of the soil and hence the performance of
a crop. This increase in pH level could be attributed to the
significant improvement in the exchangeable bases of the
soil [1]. Similar observation has been reported elsewhere
[22].

The results (Table 3) showed that total nitrogen was
not significantly improved by both amendments.
However, the better improvement made on plots treated
with RHD than RHA amended plots could be attributed to
the burning effect on the rice husk which has caused the
volatilization of N. The results agreed with Obatolu and
Agboola [23], that burning decreased the nitrogen
content of organic matter by about 50%, while
fermentation of organic matter increases the total nitrogen
content of the soil. The low level of improvement in the N
by  RHD  could  agree  with  Sobulo  and  Osiname  [24],
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Table 3: Effect of soil amendments on the soils pH, organic carbon and total nitrogen.
RHA RH
------------------------------------------------------------ ----------------------------------------------------------

Amendments Treatments level pH TN (%) OC (%) pH TN (%) OC (%)
12.5t/ha 6.7 0.055 0.66 6.4 0.066 0.52
10t/ha 6.8 0.056 0.56 6.5 0.066 0.45
7.5t/ha 6.4 0.056 0.48 6.1 0.07 0.45
5t/ha 6.4 0.056 0.45 6.1 0.042 0.47
2.5t/ha 6.3 0.055 0.47 6.2 0.04 0.34
0t/ha 5.7 0.028 0.32 5.7 0.035 0.26
\-LSD (0.05)
Factor A 0.19 NS 0.02 0.19 NS 0.02
actor B 0.12 NS 0.05 0.12 NS 0.05
AxB 0.12 Ns 0.05 0.12 NS 0.05
NS  = Not Significant
RHA = Rice Husk Ash
RH = rice Husk

Table 4: Effect of soil amendments on the soils exchangeable bases (K , Ca , Mg  and Na ) (cmol/kg) + 2+ 2+ +

RHA RHD
---------------------------------------------------------- -----------------------------------------------------------------

Amendments/Trt. levels K ca Mg Na K ca Mg Na+ 2+ 2+ + + 2+ 2+ +

12.5t/ha 0.08 2.3 1.7 0.21 0.08 2.3 1.1 0.18
10t/ha 0.08 2.2 0.6 0.18 0.07 1.8 1.2 0.17
7.5t/ha 0.12 2 1.2 0.21 0.07 2.4 1.2 0.16
5t/ha 0.08 2.1 1.8 0.2 0.05 1.8 1.2 0.16
2.5t/ha 0.05 2.3 0.6 0.19 0.06 2.4 0.4 0.2
0t/ha 0.04 1.7 0.3 0.16 0.04 1.5 0.3 0.14
F-LSD (0.05)
Factor A 0.04 0.04 0.11 0.03 0.04 0.04 0.11 0.03
Factor B 0.01 0.12 0.15 0.02 0.01 0.12 0.15 0.02
AxB 0.01 0.12 0.15 NS 0.01 0.12 0.15 NS
RHA = Rice Husk Ash
RH = Rice Husk

who  reported  that  low  N  might  be  as  a   result of both treatments. It equally indicated that the interaction
early mineralization of nutrients especially N for maize of both factors significantly improved the exchangeable
uptake. bases except on the exchangeable sodium. The significant

Soil organic carbon was significantly (P< 0.05) improvement in the exchangeable bases could be as a
improved in  both  factor A and B, including their result of the release of the organic forms of these elements
interactions (Table 3). The results showed that statistical in these materials. The result is in conformation with
higher OC was obtained from RHD amended plots Nwite et al. [5] who stated that soil exchangeable bases
compared to RHA  treated  plots.  This  agrees  with  the are improved when rice husk dust decomposes, hence,
reports of Anikwe [25] who stated that rice husk serves as increases the yield of maize.
organic manure when applied to the soil, hence increases However,  the  little  difference  on  the  enhancement
the organic carbon of the soil. However, the overall low of the   exchangeable   bases   by   the   RHA  treated
magnitude in the enhancement of OC by the RHA plots above the RHD amended plots could be related to
amendments when compared to RHD amendments the  fact  that, the residue ash specifically had liming
suggests therefore, a situation of high levels losses in effect on the soil owing to the higher levels of Ca, K and
surface soil OC levels through burning and crop residual Mg  detected  in  the  ash  material  [1, 28]. This also
removal [26] and Biederback et al. [27]. agrees with Ogbodo [29]; Odedina et al. [30] and Ayeni et

Effect of Soil Amendments on Exchangeable Bases significantly   higher   levels   of   exchangeable  bases
(Potassium, K ; Calcium, Ca ; Magnesium, Mg  and than  other  crop  residues. This result is in agreement+ 2+ 2+

Sodium, Na ) on 0-20cm Top Soil: Table 4 shows that the with Mbagwu [32], who reported an increase in+

exchangeable bases (K , Ca , Mg  and Na ) were exchangeable magnesium by ash application as organic+ 2+ 2+ +

significantly (P < 0.05) improved by the application of soil amendment.

al. [31], that plots treated with crop residue ash had
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Table 5: Effect of soil amendments on the soil cation Exchange capacity (CEC), Exchangeable Acidity (EA) and Available phosphorus (Avail. P) on 0-20cm
top soil.

RHA RHD
------------------------------------------------------------- ---------------------------------------------------------------

Amendments:Treatments CEC EA Avail. P CEC EA Avail. P
12.5t/ha 20.4 0.6 45.7 14.5 1.1 23.4
10t/ha 19.6 0.7 45.0 16.5 1.1 19.6
7.5t/ha 16.5 0.8 22.9 20.4 1.2 23.6
5t/ha 26.5 0.8 30.9 23.4 1.2 19.7
2.5t/ha 15.5 0.9 21.5 16.6 4.2 19.1
0t/ha 14.3 1.3 18.7 12.3 6.1 12.1
F-LSD (0.05)
Factor A 0.14 0.20 1.10 0.14 0.20 1.10
Factor B 0.34 0.28 0.45 0.34 0.28 0.45
AxB 0.34 0.28 0.45 0.34 0.28 0.45

The result also goes in line with observations of levels of soil bases, their retentions and the soil buffer
Nottidge et al. [9] who confirmed an increase in capacity, hence, low acidity. On the other hand, the result
exchangeable Na  through ashing. also agrees with the ostentation of Erikkson [12], Lal and+

Generally, the result however underlines the Cummings [34] that where forest thrash was pilled and
importance of the crop residue materials (RHD and RHA) burnt, had higher soil fertility and lower acidity.
in  coping   with   the  high  level  of  K  leaching  in  this The result indicated a highly significant difference on
sub-humid tropical environment. soil available phosphorus (Table 5). The reveals a

Effect of Soil Amendments on the Soils Cation Exchange t/ha and 10 t/ha giving the highest improvement on the
Capacity (CEC), Exchangeable Acidity (EA) and Available available phosphorous with an average values of
Phosphorus (Avail. P) on 0-20cm Top Soil: The results of (45.7mg/kg) and (45.0mg/kg) respectively. Generally, all
the effect of soil amendments on the soils CEC, EA and the treated plots improved avail. P relatively higher than
Avail. P were shown in Table 5. The results indicated that the control plots. The increased available P in the
cation exchange capacity was highly significantly amended soils could be attributed to increase in the soil
enhanced on the soil by both amendments at 5% (p<0.05) pH which must have released the fixed P in the soil
probability level. Hulugalle and Maurya [33] reported colloids. Generally, this result is in line with the findings
increases in soil CEC and soil nutrient on residue treated of Martins [35]. Claphan and Ziblske [36] and Lickazz [20]
soils compared to the untreated ones. Lal and Cummings that P availability was enhanced in some P-deficient
[34] equally reported that where forest thrash was pilled agricultural soils by applied RHA and RH.
and burnt had higher soil fertility and lower acidity. This
result conforms to the report of Mbagwu [32] who stated Effect of Soil Amendments on Mean Yield of Shelled
that rice husk dust and rice husk ash can be used to Maize Grain (t/ha): The effect of soil amendments on the
increase the CEC of degraded tropical ultisol. maize grain yield showed that factor A did not

However, the result showed higher statistical significantly affect the mean shelled grain yield weight of
improvement of RHA on the CEC over the RHD in most maize. The result on the other hand indicated significant
levels. differences among the levels of the treatments on this

The result revealed a statistically significant parameter. The result also indicated that rice husk ash
difference in both factors (RHA and RHD) and their performed better than the rice husk dust and plots treated
interactions on the soil exchangeable acidity. Generally, with 12.5 t/ha and 10 t/ha of both RHA and RHD gave the
EA drastically decreases positively with increase in the highest maize grain yield weight of 4.4, 4.3 (12.5 t/ha) and
amendment levels. The result also showed that RHD gave 3.2, 3.1 (10 t/ha), respectively (Table 6). In both factors,
higher levels of potential acidity than the RHA. However, the control plots gave the least mean value of yields
the use of RHA and RHD reduced the risk of soils (Table 6). The highest yield shown by treatments 12.5t/ha
becoming acidic as can be deduced from result on EA and 10t/ha  in both amendments could be as a result of
(Table 5). This situation might be as a result of higher the higher nutrients content of these amendment levels.
levels of organic matter on RHD which increases the A  similar  yield  result  was  reported  by  Nwite  et  al. [1],

significant difference among the factors with RHA at 12.5
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Table 6: Effect of soil amendments on mean weight yield of shelled maize
grain (t/ha)

Amendments:Treatment levels RHA RHD
12.5t/ha 4.4 3.2
10t/ha 4.3 3.1
7.5t/ha 3.7 2.7
5t/ha 3.7 2.2
2.5t/ha 3.6 2.0
0t/ha 1.3 1.1
F-LSD (0.05)
FactorA NS NS
Factor B 0.3 0.3
AxB NS NS
NS = Not significant

where a significant improved maize grain yield was
obtained from plots treated with RHA than wood ash and
leaf ash treated plots. The result is in line with the
findings of Odiete et al. [37] that the application of ash to
young maize plants significantly increased the grain yield.
The relatively high yield increase recorded in RHA
compared to other treatments might be attributed to high
Mg2+ produced in plots treated with RHA which Modi
and Asanzi [38] reported to be a major constituent of
chlorophyll, proto-chlorophyll, pectin and phytin in maize.
These constituents are directly related to plant grain yield.

CONCLUSIONS

Soils of the tropics are so poor in nutrients, low in pH
and exchange capacity, that the only way to improve on
these soils is by application of soil amendments like rice
husk dust and rice husk ash to be supplemented by
poultry droppings.

The result of the study revealed that pH and organic
carbon were significantly improved by the factors A and
B and also their interactions. However, the treated plots
generally improved both the soil chemical properties and
maize grain yield over the control plots. The result
showed that the exchangeable bases were significantly
improved by the soil amendments, especially their
interactions.

Moreover, soil amendments had a significant
influence on cation exchange capacity (CEC),
exchangeable acidity (H ) and available phosphorus (p).+

It may be concluded from the study that the organic
farming practices under maize based crop diversification
is a practical means to enhance productivity and soil
health in maize fields. The findings also gave the view that
the practice is a holistic production management system,
which promotes and enhances agro-ecosystem health
involving biodiversity, biological cycles and soil
biological activity.
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