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Abstract: This study evaluated animal manure production, management techniques,
utilization and effect on seil productivity in Amuzu Mbaise, Southeastern Nigeria. The
study, which was conducted in 2006 used structured interview schedule at a phase of the
study. In another phase, we studied the effects of amimal manures from muturu (Local
cattle), goats, sheep and pigs on a degraded Isohyperthermic Kandiudult using maize
(Zea mays L) as a test crop. The potted experiment was set up in a greenhouse using a
Completely Randomized Design (CRD), with each treatment replicated 9 times. Five
treatments used included manures from Muturu, goats, sheep, pigs and control. Relevant
measures of central tendency and dispersion were used in the statistical analysis of socio-
economic and agronomic data. Results showed that a greater number of households engaged
in goats and sheep, thereby making their manures relatively more abundant than other
livestock. Majority of the livestock fend for of themselves in rangelands with pigs being
more confined. Ammal manures were collected and used although they were inadequate and
bulky while there was poor knowledge of urine as biofertilizer quality of manures differad
with handing technique and mamure improved maize (Zea mays L.) performance significantly
(p =0. 05). Soil chemical fertility was significantly {(p = 0.05) improved. Integrated studies
especially 1s if affects indigenous knowledge will be helpful.

Key words: Animal manure, handling technique, remediation, soil quality, tropical soil,
utilization

INTRODUCTION

Agriculture remains the backbone of many African economics (Mbabu and Ochieng, 2006),
accounting for 57% of total employment, 17% of Gross Domestic Product (GDP) and 11% of export
carmings in Africa (FAO, 2005). A very important aspect of African agriculture is farm animal
production which according to ITIRR and ACT (2005) provides meat, milk, hides, power and mamure.
But agricultural productivity on the continent continues to raise serious concerns, including under-
utilization of agricultural resources (Hazell ef ef., 2003) and poor information dissemination
(Gachie and Ruault, 2006). In Southeastern Nigeria, livestock production is not keeping pace with
population growth (Onu and Madukwe, 2002) while animal manures are discarded. Often times, animal
manures are wrongly disposed leading to pollution of natural resources and decreased biosafety. It
has been reported that mismanagement of animal manures increases the risk of water pollution
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(Spalding and Exner, 1993) and air contamination ( Sommer and Hutchings, 2001) and this is worst for
some manures such as pig slurry containing greater than 60% NH,” (Sommer and Husted, 1995)
although it is rapidly nitrified in soils after application (Chantigny e# af., 2001) or denitrified and
leached (Chantigny et ¢/., 2004).

Traditional means of increasing crop production by expanding cultivable farmland is not feasible
due to increased demographic pressure and consequently heightened anthropogemic activitics.
Currently, farmers are beginming to shift from extensive to more intensive rmixed crop and livestock
farming systems. But animal manures are mainly disposed by open dump systems, thereby exposing
them to open air when some nutrients, such as nitrogen are lost by volatilization and leaching
(Matsumoto et af., 1997). It becomes necessary to investigate the existing techniques of producing,
managing and utilization of ammal manures and effects on highly degraded soils of the study arca. This
is in line with the recommendations of Tanner ef . (1993) and Onweremadu ef of. (2007) that
indigenous knowledge and practices should be used as starting point for scientific intervention, as such
Agricultural Knowledge and Information System (AKIS) may spill into innovations (Mbabu and
Ochieng, 2006). The major objective of this study was to evaluate animal manure production,
management and utilization techmques and their implications on soil productivity.

MATERIALS AND METHODS

Study Area

Amuzii Aboh Mbaise is in Imo State Nigeria and lies on latitude 5°48'33". 010 N and 7°37'10".
040 E and on an altitude of 90 m using (Handheld Global Positioning System (GPS) Receiver (Garmin
Ltd., Kansas, USA). Soils are derived from Coastal Plain Sands (Benin geological formation) and it has
a lowland geomorphology. The study area is humid tropical, has an annual rainfall of about 2500 mm
and annual temperature range of 27-29°C. It has a rainforest vegetation and mixed farming practices
are dominant among other farming svstems, local cattle, fowls, pigs, goats, turkeys and sheep are
predominant. However, rabbit production is becoming important as a socio-economic activity.
Intensive and semi-intensive livestock production is becoming prominent although extensive systems
are still prominent as they emerge from the people’s tradition.

Animal Manure Studies

The study was conducted in 2006. Farming is a major socio-economic activity in Amuzu
Aboh-Mbaise made up of 9 villages. Four villages were surveyed and from each village a simple random
sampling was used to select 20 farmers who practice mixed farming. The villages used included
Umulolo, Umuogu, Nriukwu and Umuebee because of high population of mixed farmers. Personal
communication and structured interview schedule, containing simple, clear, logical, less ambiguous,
close and/or open-ended questions were developed and used for the study. The interview schedule was
divided into four sections, namely census of livestock houschold, feeding systems, manure collection
activities and manure handling techniques, utilization and limitations. Validation of the interview
schedule was done, using content validity method, which is a way of determining the suitability of
items included in the study (Chuta, 1992). Following jury method as used by Ajayi (1996), items
contained in the draft interview schedule for the research work were subjected to thorough examination
and criticism by three lecturers in the Department of Agricultural Extension, Federal Umiversity of
Technology, Owerri, Nigeria. The relevance and suitability of items as determined by the lecturer-
experts formed the base for the development of the final interview schedule which was used to collect
data for the study.
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Manure Sampling

Samples of manure in dumps and stores considered usefiil for fertilization in crop production and
not more than 28 weeks old were collected and used for the investigation. Manure was collected by
scooping from 4 random spots on the manure heap to a depth of 30 cm (Zhang ef @f., 2001} and the
4 samples were mixed together. Representative sub-samples of about 0.25 kg were stored in plastic
bags. Manures samples were kept in a cool base with ice cubes during transportation and later kept
in a deep freezer in readiness for laboratory analvsis.

Laboratory Analyses

Total Nitrogen (N) in the mamures and soil was determined after Kjeldahl digestion with a Kjeltec
Auto 1030 svstemn (Tecator, Hoganas, Sweden). Total manure and soil carbon were estimated after dry
combustion of a Leco model 521-275 {Leco Corporation, Sevenska AB, Upplands Vasby, Sweden).
Organic matter was got by multiplying carbon by 1.724. Cation Exchange Capacity (CEC) was
determined by repeated saturations using I M NH,QAc followed by washing, distillation and titration
(Soil Survey Staff, 1996). Soil pH was measured (1:1 soil to solution) in water (Thomas, 1996).
Exchangeable cations: Calcium, magnesium, potassium and sodium were estimated by inductively
coupled plasma atomic emission spectrometer (ICP-AES) (Integra XMP, GBC, Arlington Heights, I1.).
Available phosphorus was determined by Olsen method (Emteryd, 1989). Particle size distribution
of soils used for the greenhouse study was analysed by hydrometer method (Gee and Or, 2002). The
dry matter content of the manures was obtained by oven drying or sub-sample at 105°C for 24 h.
Carbon-nitrogen ratio was obtained by dividing the value of carbon by that of nitrogen.

Soil Sampling and Experimental Design

Bulked and potted soil samples were collected from the 0-30 cm depths in the study site,
maintained at field capacity (20% gravimetric moisture content) and planted with maize in a
Completely Randomized Design (CRD), with each treatment replicated 9 times. Earlier, soil used for
the greenhouse study was classified as Isohyperthermic Arenic Kandiudult (Onweremadu ez af., 2006).
Maize height and dry matter yield were recorded at 6 weeks after planting. Soil samples were air dried
and sieved using 2 mm sieve before laboratory analysis. These soil samples included those used for
pre-planting and post harvest analyses. Maize seeds were sown at a seed rate of one seed per pot
containing 5 kg of soil.

Statistical Analyses

Socio-economic and soil data were analyzed using SPSS version 10 computer software
(SPSS Inc., 1999). Descriptive statistics, namely means, frequencies, percentages and cross tabulation
were used to determine relationships between variables. Means and standard deviations were computed
for data on nutrient composition of animal manures. Soil and crop data means were separated using
Least Significant Difference (LSD).

RESULTS AND DISCUSSION

Livestock Farming

The mean number of different forms of livestock in the study site is shown in Table 1, with local
catfle (Muturu) indicating the least mean value of 8+0.3. The low value in Muturu could be attributed
to long gestation period, high population density and shortage of rangeland pastures. Personal
communication shows that large herd of local cattle characterized past livestock history due to
abundance of forage in the ranges. The trend is also typical of goats and sheep. Domestic pig
population was low (9.1+2.1) as its introduction and adoption was not too long. Before then,
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Table 1: Distribution of livestock per household in Amuzu Mbaise

Livestock type No. of households Mean=SD Livestock range Tatal No. of animals
Muturu* 12 8.0+0.3 2-15 96
Goats 22 11.5+0.9 3-19 253
Sheep 18 10.8+0.9 2-17 116
Pigs 7 9.14+2.1 1-5 64

SD = Standard Deviation; * = Local cattle

Table 2: Feeding systems of different livestock types

Livestock type Grazing free system Confinementtethering (cut and carry)
Muturu (N =12) 3(25) 9(75)
Goats (N =22) 17 (77 5(23)
Sheep (N=18) 12(67) 6(33)
Pigs(N=7) 104 6 (86)

Numbers before brackets are number of the households; Numbers within brackets are the percentages of the households

inhabitants knew of the wild pigs, associated the docile domestic pig with worm infestation but the
trend is changing with agricultural extension services on modern techniques of pig husbandry. These
relatively low values of livestock population in the study area implics low output of amimal mamures,
more so with a preponderance of local livestock. Crossbred dairy cattle produce 4 to 5 kg dry matter
manure daily whereas their local counterparts vield 2 to 2.5 kg dry matter mamure daily
(Fernandez-Rivera et al., 1995; Raussen, 1997).

Livestock Feeding

Table 2 shows livestock systems in the study site, indicating a predominance of free grazing in
goat (77%) and sheep (67%) husbandry while 86% of pigs were confined and 75% of Muturu tethered.
With increasing human population, a greater portion of rangelands have been converted to arable crop
production and animals on free grazing browse and graze in these crops leading to social strife and
conflicts. However, free grazing still flourishes since most farmlands are communally owned and left
fallow for soil fertility regeneration. Similar trend was recorded in Tanzamia (Msangi and Kavana, 2002)
who reported that natural pasture species were owned by communities and utilized by ruminant
amimals. Feeding systems of Muturu losses which is consistent with the findings of Schleich (1986)
that free grazing local cattle and goats lost 60-70% of the manure. Less losses were less associated with
pigs because of confinement and use of housshold wastes as feed sources.

Manure Collection and Management

Higher values of droppings from goat and pigs are applied as manure (Table 3) the popularity of
goat mamure application is possibly due to its less bulkiness and convenience when compared to other
manures-while high application of pig manure is a matter of necessity as its removal would increase
pen hygiene. However, pig mamures, were commonly removed after 2-3 days (57%) and this is
attributable to high animal hygiene against the belief of many that pigs are naturally unhygiemnic
livestock. Greater values of daily ammal manure removals in goat {91%), Muturu (83%) and sheep
(55%) 1s a cultural imperative. This contrasts yearly removal of local cattle manure in southern
highlands of Tanzanma (TARMW, 1998). It was also observed that the use of beddings is unpopular
in the pens and urine collection is not considered as an enfity since it mixes with excreta. Urine capture
is a good practice since it contains a lot of nitrogen (Raussen, 1997) and this can be preserved by use
of beddings.

Husbandsmen rarely compost collected animal manure but dumps them on homestead farms
(75%). In large herds, animal manures are dumped around pen environment. Storage before disposal
is for a short time in all the animal manures before they are used. Results show that animal manures
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Table 3: Manure collection from pens

Livestock type
Variables Muturu (N =12) Goats (N =22) Sheep (N=18) Pigs N=T)
Application manure 8(67) 19(86) 6(33) 5(7D)
Daily removal 10(8%) 20(91) 10(55) 3(43)
2-3 days rermoval 2017 2(9 843 4(57)
Knowledge of urine as fertilizer 2(17) 34 1(5) 1(14)

Nurmbers before brackets are mumbers of the households; Numbers within brackets are the percentages of the households

Table 4: Manure handling techniques, utilizations and limitations

Variables Muturu (N =12) Goats (N =22) Sheep (N=18) Pigs N="T)
Handling

Cormposted 2017 30N 2011 114
Mot composted 10(83) 19 (86 16 (8% 6 (86)
Storage

Short storage (0 = 10 weeks) T(58) 18(82) 15(83) 6 (86)
Medium storage (11-24 weeks) 5(42) 2 (9 3017 1(14)
Long storages (Greater than 24 weeks) 0 (0) 2(9) 0 () 0(0)
Ranking of usage

Distant farm 3025 7(32) 13(72) 229
Homestead 9(75) 15(68) 5(28) 5¢71)
Limitations

Bulk 7(58) 2(%H 8 (4 4(57)
Tnadequacy 3(25) 18(82) 739 3(43)
Weed abundance 2(17 2(9 2(17) 0(0)

Nurmbers before brackets are mumbers of the households; Numbers within brackets are the percentages of the households

Table 5: Variability in manure nutrient composition as affected by handling technique (Mean+SD)
Nutrient content (% dry matter)

Handling technique N r K C C/MN ratio
Muturu

Tndoor 1.92+0.48 0.41+0.20 1.71+0.61 17.55+1.22 9.00
Outdoor 1.61+0.38 0.28+0.12 0.88+0.11 19.61+£1.72 12.00
Goats

Indoor 1.98+0.36 0.38+0.09 1.8440.26 16.96+1.2 8.24
Outdoor 1.71£0.22 0.3240.11 0.28+0.33 17.63+£1.17 10.00
Sheep

Indoor 2.02+0.44 0.3620.011 1.6140.12 16.23+£0.29 8.03
Outdoor 1.76+ 0.32 0.28+0.26 0.98+0.36 16.76+0.98 9.52
Pigs

Tndoor 2.25+0.34 0.48+0.011 1.78+0.11 15.62+0.11 7.00
Outdoor 2.12+0.42 0.3240.26 1.26+0.27 15.96+0.96 7.53

N = Nitrogen, P = Phosphorus, K = Potassium, C = Carbon C/N = Carbon — Nitrogen Ratio, SD = Standard Deviation

are scarcely used in distant farms, possibly due to bulk, especially in Muturu (58%) and pigs (57%)
or due to inadequacy as in goats (82%). Weed infestation is not a major limitation in the utilization of
animal manures (Table 4). In a similar study, Defoer ef af. (1998) reported that factors, such as the
distance of the crop fields from homestead, available means of transport and labour, influence the
extent of manure utilization. Also, farmer rationality (Kloppenburg, 1999) could be a factor in the
utilization of these mamures. Farmers within the locality practice primarily bush fallowing for fertility
restoration, implying that the use of animal mamures is secondary and often used in home gardens.

Manure Quality and Soil Productivity

Handling technique influenced quality of mamue in all the manure types (Table 5). Indoor stored
manure had relatively higher macronutrients than those stored in open spaces. Again, indoor manure
storage showed lower carbon-nitrogen ratios in all studied animal manures. Lower macronutrients
content in outdoor-stored manures is possibly due to elevated leaching (Kristensea and Thorup-
Kristensen, 2004) and volatilization (Rochette er af., 2004).
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Table 6: Some characteristics of the topsoil (0 —30 cm) used in the greenhouse study (pre-planting)

Soil property Value Soil property Value
Sand (g kg™ 800.0 Organic matter (gkg™) 521
Silt (g kg™ 40.0 Total nitrogen (g kg™") 1.7
Clay (gkg™) 160.0 Total cartbon (gkg™) 30.2
Texture Randy loam Carbon-nitrogen 17.7
Exchangeable calcium (cmol kg™!) 2.2 Available phosphorus (mg kg™) 12.5
Exchange magnesium (cmol kg™ 1.7 Exchangeable potassium (cmol kg™!) 0.2
Exchangeable sodium (cmol kg™) 0.1 Cation exchange capacity (cmol kg!) 78

Soil pH (water) 4.7

Table 7: Maize performance of animal manures

Animal manure Plant height (cm) 6 WAP DM vield (gpot™)
Muturu dung 82.9 348.6
Goat. dung 83.5 3242
Sheep dung 83.7 326.3
Pig dung 83.9 355.8
Control 38.4 110.6
LSDinns 9.2 6.4

WAP = Weeks After Plating

Table 8: Residual effects of animal manures on some soil properties
Animal manure pH ¢water) CEC (cmolkg™) K (cmolkg™) N(gkg™ Av. Pmgke™ OM{gkg™)y CN

Muturu dung 5.20 9.90 0.40 2.5 18.2 58.6 124
Goat dung 6.10 10.20 0.70 2.7 25.6 55.1 11.8
Sheep dung 5.80 9.60 0.50 2.6 21.7 54.6 122
Pig dung 5.60 870 0.60 2.9 19.6 55.6 11.1
Control 4.50 5.90 0.10 0.9 10.8 302 194
LSD  pg 0.94 1.26 0.06 0.9 3.6 4.4 1.1

CEC = Cation Exchange Capacity, C/N = Carbon-Nitrogen Ratio, K = Patassium, N = Nitrogen, Av. P = Available
Phosphorus, Om = Organic matter

Animal manures were applied on degraded soils whose properties are shown in Table 6, with
maize (Zea mays L.) used as test crop. Maize growth (plant height) and yield (dry matter) parameters
varied significantly (p= 0.05) at 6 weeks after planting as a result of animal manures applied on this
soil (Table 7). Least height value was recorded in local cattle manure which van Kessel et af. (2000)
attributed to lower N-content and high lignin content. Similar improved result in maize performance
was obtained by Oguike and Mbagwu (2001). Higher contents of N in pigs and sheep manures
(Table 5) could be responsible for increased maize height (Table 7). Higher (Dry Mater) yvield was
recorded in pig manure, which is consistent with the findings of Okpara and Mbagwu (2003).

There were significant (p = 0.05) changes in selected soil properties as influenced by animal
mamures (Table 8). These residual results agree with the findings of Spaccini ef af. (2002) that organic
amendment improved soil chemical fertility of degraded soils. There were further depletion of soil
chemical properties in the control pots, indicating effect of animal manures on treated pots.

In conclusion, this study has revealed that a good number of households keep goats and sheep
using free grazing with fewer households rearing Muturu and pigs under tethering/confinement. Farmers
use solid droppings as manure with little knowledge of the use of urine as biofertilizer. Composting
of animal manure is an unpopular practice in the study area as they are disposed almost immediately
after production. Bulk and inadequacy are major factors limiting use of these manures, especially in
distant farms. The study also found that indoor-stored manures had higher macronutrients than
outdoor-stored ones. There was significant (p = 0.05) difference in the maize performance and post-
harvest soil quality using these manures in the study area.
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