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ABSTRACT

The effects of burnt rice husk amendement on soil properties and yield of pepper were evaluated at

Abakaliki in 2007 and 2008 rainy seasons. The experiments were layed out in a randomized completed block

design with five replications. The treatments comprised of four levels of burnt rice husk (0 t/ha; 10 t/ha; 20

t/ha and 30 t/ha). Measurements on soil physical and chemical properties, crop growth and fruit yield were

taken and the data subjected to statistical analysis. The results showed that increasing levels of burnt rice husk

amendment to the soil brought about linear increases in soil total porosity, soil moisture, soil total nitrogen,

exchangeable bases and cation exchange capacity, but reduced soil bulk density and acidity. Plant height,

number of leaves, leaf Area and fruit yield also increased linearly with increasing levels of burnt rice husk

amendment to the soil. Pepper fruit yield increases of 4.1 t/ha in the first year and 6.2 t/ha in the second year

were obtained on soil amended with 30 t/ha burnt rice husk compared to the yield of the soil that had no soil

amendment. The highest pepper fruit yield of 6.80 t/ha in the study occurred on soil that received 30 t/ha burnt

rice husk amendment. The improvement in the pepper growth and fruit yield on the soil amended with burnt

rice husk was attributed to the significant improvements on the soil physical and chemical properties. It was

recommended that the application of large quantities of burnt rice husk amendment to the soil could improve

the production of pepper at Abakaliki.
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Introduction

          

Pepper is one of the vegetable crops that are grown on a large scale in the northern part of Nigeria. The

production of this crop in the eastern Nigeria is largely in the hands of illiterate farmers who are not well

informed on some important cultural practices, like the right quantity of fertilizer to apply, the appropriate age

of transplanting the seedlings, and technologies for combating soil acidity and other fertility problems. These

have resulted in low yield and exorbitant prices per unit weight of the fruit in the area.

The use of organic manure is among the cultural practices or methods that need to be introduced to the

farmers for optimum production of pepper. Organic manure plays a vital role in maintaining high productivity

of soils mostly in the tropics. The choice of the organic manure to be used depends on the soil characteristics,

the nature of the crop to be planted, agro-ecological environment and socio-economic status of the farming

community (Anikwe, 2000). Apart from the role of organic manure in soil fertility improvements, the

incorporation of organic manure into the soil enhances soil structural satiation and also improves soil aeration

and water holding capacity. For the purpose of this study, the organic manure used was burnt rice husk

because it is in abundance in Abalaliki and lying waste and so we wanted to see how it could be put to use

agriculturally.
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The soil in this study area has been recognized to suffer structural impediments, including high bulk
density, low porosity and extreme soil water conditions. (Nnabude and Mbagwu 1991; Anikwe 2000 and

Ogbodo and Nnabude 2004). The soils also have fertility problems that are thought to revolve around high soil
acidity. This study therefore specifically tried to evaluate the possibility of using burnt rice husk to alleviate

these inherent soil constraints. This is felt to be a welcome alternative in the face of exorbitant cost of
commercial line and fertilizer supply.

Materials and methods

Study Location:

The Experiments were conducted at the Research and Teaching farm of the Faculty of Agriculture, Ebonyi

State University, Abakaliki. The site lies at Latitude 16  04` N and Longitude 18  65` E South-east of theO 0

derived Savannah zone of Nigeria. The area has a Pseudo-bimodal rainfall pattern from April to November.

The total amount of rainfall received in the area within this period is about 1700-2600mm.The maximum mean
daily temperature is 27-31 C all through the year (Anikwe et al, 1999). The soil is shallow with unconsolidated0

parent material(Shale residuum)within 1m of the soil surface and classified as Typic Haplustult,(FDALR 1985).
The pre-cropping soil properties are shown in table 1.

Soil Sampling and Laboratory Methods:

The experiments were carried out in the 2007 and 2008 rainy seasons (May – October). The experimental

site was cleared manually using Machete/Cutlass. The residues were removed from the site and pre-planting
soil samples were taken randomly from six points at a depth of 0-20 cm, in the first week of May each year.

The samples were mixed to get a composite sample, used for routine soil analysis (textural properties and
chemical characteristics). Other samples were taken at the same depth from each plot at the end of the

experiment. The samples were air dried at room temperature and prepared for analysis of Soil pH, Organic
carbon, Exchangeable Cations, Available P, total Nitrogen and cation exchange capacity (CEC).

Soil pH was determined using glass electrode pH meter in water, in the ratio of 1:25, (Mclean, 1982).
Mechanical analysis was carried out using hydrometer method by Bouyoucous, 1951. Organic carbon was

measured by the Walkley-Black procedure (Nelson and Sommers, 1982). Exchangeable cations were determined
according to the procedure described by Tel and Roa, 1982.Available phosphorus was determined using Bray

II method, (Bray and Kurtz, 1945); while total Nitrogen was determined by the Macro-Kjeldahl method,
(Bremmer, 1965). Soil bulk density, total porosity and soil moisture were also measured on each plot. Bulk

density was analyzed using core method assuming a particle density of 2.659/cm  as proposed by Blake and3

Hartage, (1986), while porosity was calculated from bulk density data.  Soil moisture was determined using

the gravemetric method described by Stolt 1996.

Experimental Design, Field Layout and Treatment Allocation:

The Experiment was designed as a randomized complete block (RCBD) with four treatments and five
replications. The treatments comprised of four levels of burnt rice husk, viz – 10 tha , 20 tha  30 tha  burnt-1 -1 -1

rice husk and the control.  The test crop was green pepper sourced from the National seed service. Each
experimental plot measured 4 x 4 m (16m ) giving a total of 20 plots. The distance between each replication2

was 1 m apart and each plot was separated from the other by a distance of 50cm. 
The seeds were planted in a nursery at the rate of 5g/m , at a spacing of 10cm apart and at depth of 1cm.2

The plants were transplanted on raised beds, in the second week of May and the treatments applied
immediately after cultivation. The treatments were incorporated into the seedbeds 14 days prior to transplanting.

The different levels of burnt rice husk were randomly applied to appropriate seedbeds.  Transplanting to the
main field was carried out in the first week of June, at 30 days after germination.  The seedlings were

transplanted at a distance of 25 cm between plants and 50 cm between rows. Chemical fertilizer (Urea) at the
rate of 100 kg per hectare was applied, in two split doses. Half the dose was applied basally 4 days before

transplanting, while the second application was done 5 weeks after transplanting.

Agronomic Measurements:

The crop attitudes measured included plant height, number of leaves, leaf area, shoot dry matter and fruit

yield. The leaf area was determined at 9 weeks after planting by measuring the length and width of all the

leaves on five randomly selected plants on each plot with a meter rule, and the mean obtained. The plant

height was also measured at 9 weeks after planting with a meter rule, from the shoot base to the last leaf. The
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average of the five plants was used as the plant height. The number leaves of the five plants were counted

and the average number of leaves of the five plants from each plot was determined. Shoot dry matter was

measured at 11 weeks after planting. The shoots of five plants randomly selected at the bother rows were cut,

washed and oven dried to a constant weight and measured with a sensitive weighing balance. The mean was

assumed as the plant shoot dry matter.  Pods were harvested at green majority from a net plot of 2m x 2m

in the centre of each plot at four days intervals, and the yield converted to tons per hectare.

Data Analysis:

The data collected were analyzed using Analysis of Variance (ANOVA) table and the mean separation

by the least significant difference (LSD) as described by (SAS, 2006).    

Results and discussion

Soil Physical Properties:

The influence of the different levels of burnt rice husk amendment on the soil physical properties is

presented in Table 2.

Soil Bulk Density and Total Porosity:

The plots without burnt rice husk amendment recorded the highest values of bulk density while the lowest

values of bulk density were recorded at the plots with the highest level of burnt rice husk amendment. Bulk

density of the soil without burnt rice husk amendment was significantly (p<0.05) higher than that amended

with 10 t/ha, 20 t/ha and 30 t/ha burnt rice husk treatment. Bulk density at the soil amended with 10 tons/ha

burnt rice husk was significantly (p<0.05) higher than that of 20 t/ha and 30 t/ha burnt rice husk amendment.

There was an observed reciprocating improvement in soil total porosity to the level of reduction in soil

bulk density in the study.  The influence of the levels of burnt rice husk amendment on soil total porosity was

in the order 30 t/ha > 20 t/ha > 20 t/ha > 0 t/ha.  The soil total porosity increased with increasing levels of

burnt rice husk amendment.

Soil Moisture:

There was consistently in the influence of burnt rice husk amendment on soil moisture. Soil moisture

content was highest on the plots where 30 tons/ha burnt rice husk amendment was applied, and least on the

plots without burnt rice husk amendment. Soil moisture increased significantly (p<0.05) with increasing levels

of the amendment applied to the soil.

Soil Chemical Properties:

Table 3 shows the changes in soil chemical properties as a result of the application of different levels of

burnt rice husk amendment.  

Soil pH:

Higher pH values were detected in plots with the highest burnt rice husk amendment, while the least

values were recorded in the plots with no burnt rice husk amendment.  Increasing levels of burnt rice husk

amendment to the soil brought about increasing values of soil pH than the preceding level of burnt rice husk

amendment.

Soil Organic Matter:

Soil organic matter of the soil amended with 30 tons /ha burnt rice husk was significantly (p<0.05) higher

than the soil amended with 20 t/ha, 10 t/ha and 0 t/ha burnt rice husk. Also organic matter of the soil amended

with 20 t/ha burnt rice husk was significantly (p<0.05) higher than that of the soil amended with 10 t/ha and

0 t/ha burnt rice husk. However, there was no significant differences in the organic matter content of the soil

amended with 10 t/ha burnt rice husk and the soil that was not treated with burnt rice husk.
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Soil Total Nitrogen:

Total nitrogen was significantly (p<0.05) higher in the soil amended with 30 t/ha burnt rice husk than the
soil amended with 10 t/ha and 0 t/ha burnt rice husk. The soil total nitrogen of the soil amended with 30 t/ha
and 20 t/ha were statistically the same, whereas the total Nitrogen values of the soil amended with 20 t/ha
burnt rice husk and with 10 t/ha on one hand and the soil amended with 10 t/ha and the control on the other
were statistically comparable respectively.

Soil Exchangeable Cations:

The soil exchangeable cations measured were always highest in the soils amended with the highest level
of burnt rice husk, and least on the soil that received no amendment. Soil exchangeable calcium and
magnesium content increased with the increasing levels of application of burnt rice husk amendment. However,
there was no consistent trend in the influence of burnt rice husk amendment on the soil exchangeable sodium
content in the study. The value of exchangeable potassium of the soils that received 30 t/ha burnt rice husk
amendment were significantly (p<0.05) higher than the soil amended with 20 t/ha, 10 t/ha and 0 t/ha burnt rice
husk, while the exchangeable potassium content of the soil that received 20 t/ha burnt rice husk amendment
was also significantly (p<0.05) higher than the exchangeable potassium of the soil that was amended with 10
t/ha burnt rice husk and the control plots. However, there were no significant differences in the soil
exchangeable potassium content between the plots amended with 10 t/ha burnt rice husk and the control plots.

Cation Exchange Capacity:

Soil cation exchange capacity values increased as a result of burnt rice husk amendments. The values of
the soil CEC increased linearly with the increasing levels of burnt rice husk amendment. The highest CEC
values were detected on the soil amended with 30 t/ha burnt rice husk whereas the least was recorded on the
soil that was not amended with burnt rice husk.

Plant Growth:

The influence of the different levels of burnt rice husk amendment on some crop growth attributes is
presented in Table 4. Plants growth was superior where the soil was amended with burnt rice husk compared
to where there was no rice husk amendment.

Table 1: Some Soil Physical and Chemical Properties of the Experimental Area

Physical Properties Values

Sand (%) 82
Clay (%) 17
Silt (%) 7
Textural class loamy sand

Chemical Properties 

2pH (H 0) 4.60
Organic Matter (%) 1.37
Total Nitrogen (%) 0.11
Exchangeable Ca (Cmol+kg-1) 1.20
Exchangeable Mg(Cmol+kg-1) 0.80
Exchangeable K(Cmol+kg-1) 2.40
Exchangeable Na(Cmol+kg-1) 0.80
CEC(Cmol+kg-1) 24.20

Table 2: Effect of Different Levels of Burnt Rice Husk on Some Soil Physical Properties

Treatment(Tons/ha) Bulk Density g/cm Porosity (%) M oisture Content (%) Bulk Density g/cm Porosity (%) Moisture Content (%)3 3

---------------------------------------------------------------------------------------------------- --------------------------------------------------------------------
2007 2008

0 2.10 20.74 21.25 1.98 25 22.00
10 1.87 29.44 25.10 1.72 35 28.72
20 1.66 37 32.80 1.56 41 35.54
30 1.54 17 38.40 1.49 44 42.25
LSD(p<0.05) 0.09 3.64 3.25 0.06 2.85 4.80

Table 3: Effect of Different Levels of Burnt Rice Husk on Some Soil Chemical Properties
Treatment pH OM Total Ca Mg K Na CEC pH OM Total Ca Mg K Na CEC

2 2(t/ha) (H 0) (%) N (%) -------------Cmol+kg --------------- (H 0) (%) N (%) -------------Cmol+kg ----------------1  -1  

---------------------------------------------------------------------------------------------------------------- -------------------------------------------------------------------------------------------------------
2007 2008

0 4.46 1.37 0.11 1.10 1.80 2.40 0.80 24.20 4.46 1.28 0.10 1.08 1.74 2.20 0.78 20.16
10 4.63 1.96 0.14 9.55 2.75 3.20 0.90 30.80 4.70 2.00 0.103 12.26 4.42 5.35 1.13 32.00
20 5.00 2.79 0.108 14.30 6.55 6.80 1.20 34.40 5.40 3.20 0.218 18.34 8.28 8.10 1.24 38.40
30 5.44 2.90 0.290 28.50 8.80 8.40 1.25 38.75 6.24 3.96 0.20 25.62 12.51 10.97 1.32 42.32
LSD (p<0.05) 0.23 0.68 0.12 3.20 1.64 1.10 0.78 3.16 0.20 0.70 0.10 4.62 2.12 2.00 0.70 3.34
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Table 4: Effects of Different Levels of Burnt Rice Husk on Plant Growth Parameters

Treatment (t/ha) Plant Height No of leaves Leaf area Shoot dry Plant Height No of leaves Leaf area Shoot dry 

(cm/plant) (cm /plant) matter (g/plant)  (cm/plant) (cm /plant) matter (g/plant)2 2

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

2007 2008

0 12.91 15 0.85 0.63 11.00 15 0.78 0.50

10 13.63 20 0.94 0.78 14.27 24 1.25 1.21

20 15.12 24 1.69 1.67 18.72 28 2.10 2.64

30 18.57 32 1.93 1.86 22.68 36 2.83 3.55

LSD(p<0.05) 4.20 5.0 0.65 0.35 3.12 6.00 0.44 0.64

Plant Height:

The plants were taller at the plots where 30 t/ha burnt rice husk amendment was applied than where 10

t/ha was applied and the plots without burnt rice husk amendment. There were no significant differences

between the plant height of the plants grown on the soil amended with 30 t/ha and 20 t/ha burnt rice husk.

Number of Leaves:

The number of plants leave increased with increasing levels of burnt rice husk amendment to the soil. The

plants grown on the soil amended with 30t/ha burnt rice husk had the highest number of leaves, while the ones

grown on the plots without soil amendment had the least number of leaves.

Leaf Area:

The plant grown on the soil amended with 30 t/ha and 20 t/ha burnt rice husk was significantly ((p<0.05)

higher leaf area than those plants grown on the soil amended with 10 tons/ha burnt rice husk and the soil

without burnt rice husk amendment. There was no differences in the leaf area of plants grown on the plots

amended with 30 tons/ha and 20 tons/ha burnt rice husk on one hand, and the leaf area of the plants grown

on soil amended with 10 t/ha burnt rice husk and  those that did not receive burnt rice husk amendment on

the other.

Shoot Dry Matter:

The plants grown on soil amended with 30 t/ha and 20 t/ha burnt rice husk had significantly (p<0.05)

higher shoot dry matter than the plants on the soil amended with 10 t/ha burnt rice husk and the soil without

burnt rice husk amendment. Application of 30 t/ha and 20 tons t/ha burnt rice husk amendment to the soil did

not produce significant differences in shoot dry matter. Shoot dry matter of the plants grown on the soil with

10 t/ha burnt rice husk amendment and the control plots were also statistically similar.

 

Pepper Fruit Yield:

Figure 1 shows the yield response of pepper to the different levels of burnt rice husk amendment to the

soil. Increasing the levels of burnt rice husk amendment to the soil brought about significant increases in

pepper fruit yield in the study. Soil amended with 30 t/ha burnt rice husk produced 2.17 t/ha, 3.27 tons/ha and

4.10 t/ha and 2.25, 3.80 and 6.32 t/ha significantly (p<0.05) higher fruit yield than the soil amended with 20

t/ha, 10 t/ha and the soil without burnt rice husk amendment in the first and second years respectively.  Yield

increases of 10 t/ha and 1.93 t/ha and 1.55 and 4.07 t/ha in the first year and 1.55 and 4.1 t/ha in the second

year were obtained by amending the soil with 20 t/ha burnt rice husk compared to amending the soil with

10tha burnt rice husk and when the soil received no amendment. The fruit yield of pepper grown on the soil

that was amended with 10 t/ha burnt rice husk was also 0.83 and 2.2 t/ha significantly (p<0.05) higher than

the yield of pepper grown on the soil where burnt rice husk amendment was not applied in the first and second

years.

Discussion:

The result of the experiment showed that amending the soil with burnt rice husk had significant effect on

the entire physical, chemical and growth parameters that were measured including pepper fruit yield.

Adequate amount of burnt rice husk application to the soil helped in maintaining favorable state of

physical properties and this result agrees with the report of Lal, (1999). Application of burnt rice husk
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amendment increased the soil moisture content and total porosity but brought about a decrease in the bulk

density of the soil; with increasing levels of burnt rice husk application. At the control plots, moisture content

and total porosity had values as low as 21.25% and 20.74% respectively. There was an increase in the moisture

content of the soil with increasing levels of burnt rice husk amendment. This agrees with the findings of

Etiegni and Campbell (1991) and Lanney (2001) who reported that it is advisable for mulch to be applied in

the cultivation of pepper to prevent loss of soil moisture and to keep the crops free of weeds. Lawes (1994)

also reported that proper maintenance of organic manure in the soil increased soil moisture. Burnt rice husk

did not only serve as organic manure in this study but also as a mulch material thereby preventing the loss

of water and thus conserving soil moisture. Bulk density recorded its highest value of 2.10g/cm  on plots3

without burnt rice husk amendment. Moisture content and total porosity recorded the highest values of 30.40%

and 57.11% respectively at 30 t/ha burnt rice husk amendment; bulk density recorded the least value of

1.49g/cm . This result is in agreement with the observation of Tim, (2008) who reported that organic manure3

loosens the soil and in turn increases the amount of pore spaces and this has several important effects. He also

reported that the density of the soil decreases (it becomes less compacted) upon application of organic manure

and the soil structure improves. Ulery et al. (1993) also reported that the ash derived from burnt organic matter

is known to reduce bulk density and increase aggregate stability and porosity of the soil. Because of this rise

in pore spaces, the soil air and water holding capacity increases; as a result water infiltration increases with

less compaction. This situation agrees with Hulugalle and Palada (1990), Etiegni et al. (1991), and Nyle and

Ray 1999 who reported that organic manure loosens soil, increases macropores and channels, increasing water

holding capacity, reducing evaporative water loss, and reducing soil temperature.

Application of burnt rice husk amendment to the soil reduced the acidity of the soil, the pH of the soil

increased with increases in the levels of burnt rice husk amendment. pH of 6.24 was recorded at the highest

level of burnt rice husk amendment (30 t/ha), while pH of the control plot was 4.46. The increased pH

increased soil buffer capacity hence reducing the tendency to decline to acidity. This is a great improvement

in soil conditions for an area noted with high soil acidity. This result is in agreement with Kahl et al. (1996),

Krejsl and Scanion (1996) and De-lannoy (2001) observation, who reported that pepper has an average

tolerance to acidity (pH = 5.50-6.80). Also a similar observation was made by Odedina et al. (2003) who

reported that ash derived from burnt organic matter is known to reduce soil acidity and increase the availability

of nutrients. The observed improvement in soil organic matter is very remarkable for the study area which is

noted for low organic matter content (Enwezor et al., 1988), this led to increased nutrients in the soil, since

organic matter is recognized as the store of nutrient elements (Asadu and Akamigbo, 1990, Vorkes, 1992).

For every increase in burnt rice husk amendment, there was a corresponding increase in the organic matter

content of the soil. The plot amended with 30 tons/ha of burnt rice husk recorded the highest level of organic

matter content (3.96); and the control plot had the least value of organic matter content (1.28). This is in

agreement with the findings of Triplett et al. (1998) who reported that for every increase in soil organic

manure, there is a corresponding increase in organic matter and these has a positive response on crop yield.

Organic matter present in the soil brings about availability of plant nutrients, as the organic matter further

decomposes, considerable amount of Ca, Mg, NH4+ and K and other nutrients are released and made available

to the plants.

There was a drastic increase in the levels of Ca, Mg, K and Na in the soil with increase in burnt rice husk

amendment, but total Nitrogen increased moderately. This agrees with the observation of Demeyer et al. (2001)

and Bales (2002) who reported that crop residue contains an estimate of nutrient element which are generally

rich in K, low in P and poor to medium in N. Nnadi, (2001) also stated that about 40% of N and P, 86% of

K, 92% of Ca, 72% of Mg and 59% of S removed from the soil by crops are returned back to the soil.

Therefore the application of burnt rice husk helped in returning the nutrient element removed from soil back

into the soil; these led to the increase in the nutrient content of the soil, making them available for plant use.

The cation exchange capacity of the soil was also increased upon the application of burnt rice husk

amendment. The highest level of CEC was recorded at the plot with the highest level of burnt rice husk

amendment. The ash buffered soil pH (making the soil more resistant to changes in pH) and retained nutrients

through its contribution to CEC. The result agrees with the observation of Voundi et al. (1998) Foloronsho

(1999), who reported that ash derived from burnt organic matter increases the CEC of the soil.

Plant height, leaf area, number of leaves, shoot dry matter and fresh pepper yield increased with the

increasing levels of burnt rice husk amendment. The highest level of vegetative growth and fresh weight pepper

yield was at 30 tons/ha and the least was at the control plot. This increase may be attributed to increased root

development leading to the absorption of mineral nutrients, water and air as a result of low bulk density and

high total porosity. Organic manure improves soil structure, water holding capacity, aeration, and drainage

thereby producing a favorable environment for crops to grow (Lal, 1999). A similar observation was made by

Triplett et al. (1998), who reported that increase in organic manure and the corresponding increase in organic
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matter has a positive response on crop yield. De-Lannoy (2001) also discovered that pepper roots require a

good supply of oxygen and tighter compacted soils or areas of poor drainage should be avoided. Therefore the

low bulk density of the soil allowed for proper movement of water and air. It also enabled the root to

penetrate deep down into the soil to absorb adequate water and nutrients.

The performance/growth of the vegetative parts contributed to the pepper fruit yield. Fresh weight pepper

fruit yield was highest at the level where plant height, number of leaves, leaf area and shoot dry matter was

highest. These could be attributed to the different functions of the plant vegetative parts. The taller the plant

,the easier it is for the plant to trap sunlight which is required for photosynthesis to take place; also increase

in the number of leaves and the leaf area increases the processes of photosynthesis and transpiration. The shoot

helps in transporting nutrients to all parts of the plants and also functions as support for the plants. The

combination of the different functions of the plant parts contributed to the increase in yield. The increase in

the soil pH aided the availability of nutrient elements for plant absorption and optimum yield. This agrees with

the report of Muse and Michell (1995), Krejsl and Scanion (1996), Voundi et al. (1998), Demeyer et al. (2001)

and Odedina et al. (2003). High CEC helped to release nutrient elements from the soil colloids and make them

available to plants; thereby increasing crop productivity. Burnt rice husk reduced the acidity of the soil and

increased the availability of cations in the soil; it also improved the vegetative growth of pepper and the

nutrient content of the soil for optimum yield. The highest fruit yield of 6.80 tons per hectare obtained in this

study comes closely to the yield of 6 – 8 t/ha obtained in some other African countries noted for pepper

production including Sudan, Chad and Mauritania (De-Lannoy 2001); showing that it is possible to sustain

pepper production at Abakaliki with the amendment of the soil with 30 t/ha burnt rice husk.

 

Conclusion;

Results obtained from this experiment shows that large quantities of burnt rice husk can be used as soil

amendment to improve the soil properties and yield of pepper in Abakaliki. It has also been confirmed from

this study that 30 t/ha of burnt rice husk amendment could be the adequate level of burnt rice husk application

to the soil for the production of pepper in Abakaliki.
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