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Abstract

A pot experiment was conducted at Michael Okparavéisity of Agriculture Umudike to
determine the effect of kitchen residue ash, ppuftanure and goat dung on soil properties and
yield of Cowpea (Vigna unguiculata) on Typic Kamlditi of Southeastern Nigeria. Six levels of
the treatments; Ot/ha (control), 2t/ha of kitchessidue ash, 2t/ha of goat dung, 2t/ha of poultry
manure, 1t/ha of kitchen residue ash + 1t/ha oflpgunmanure and 1 t/ha kitchen residue + 1t/ha
goat dung were applied, replicated three times {Dampletely Randomized Design (CRD). At the
end of the experiment, plants agronomic parametagssoil chemical properties were measured.
The result obtained showed that the applicatiokitwhen residue ash, poultry manure and goat
dung significantly (P<0.05) increased soil pH, adable phosphorus, total nitrogen, soil carbon,
exchangeable calcium, exchangeable potassium arghesaim over the control. The applied
manure and ash increased the cowpea height, rowjthe root branching and grain yield more
than the control. The combination of 1t/ha kitchresidue ash and 1t/ha goat dung gave the
overall best performance in terms of increasingnplaeight, root length and number of root
branching. Among the amendments tested, 1t/h&ekiteesidue ash + 1t/ha poultry manure
significantly (P<0.05) increased the soil pH, exogaable calcium, exchangeable potassium,
percentage base saturation and reduced exchangemtitBty more than the other treatment.
Further research is recommended for the field aggtion of the treatment on cowpea production.
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Introduction

The demand for cowpea crop as protein supplemevariscritical, especially in the Southeastern
part of Nigeria, where carbohydrate base stable fsdhe major food source (lyayi and Losel,
2001). Cowpea is a legume that can be consumerbasgsed grain and green vegetable. It could
also be use as folders for livestock and actsaser crop. The grains are high in protein and are
good supplement for animal protein which is usuakpensive (Awurum, 2000). It also increases
the available nitrogen content of the soil by fixithe atmospheric N. As a legume, the crop is
sensitive to soil acidity and low soll fertility.ulivating cowpea in the South East Nigeria, where
the soil had been found to be low in fertility amgh in acidity (Enwezoet al.,1989) may pose a
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serious threat to the survival of the crop in tagion. This is because the area receives heavy
precipitation which is one of the causes of sailli#ag (Mahler and Hardy 1984).

Kitchen residue ash is obtained from the fire plackomes especially in the rural areas where it
is produced in large quantities. This material basn found to reduce soil acidity (Onwuka and
Ogbonna, 2009) release some nutrients like, patasstalcium and enhanced the availability of
phosphorus for plant uptake.

The use of nutrient boasters in the form of orgasand inorganic manures is one way of
improving the soil fertility status. The use of anyc manure is becoming more popular in the
Southeastern Nigeria. This is because of the ulabiitly and unaffordable of the mineral
fertilizers. Organic manure has also been founitid¢oease the soil nutrients and help to improve
the physical properties of the soil.

Kitchen residue ash and organic manure especiailpal manure are readily available in the
Southeast Nigeria, as almost every household wast dmall livestock farm and also produce
kitchen ash .There is need to harness the potemtighese organic materials in the cultivation of
cowpea which is earnestly needed in Southeast idigé&he present study therefore has an
objective of finding the influence of kitchen resedash, poultry manure and goat dung on soll
chemical properties and on the growth of cowpeanitlitisol in Southeast Nigeria .

Materials and Methods

Composite soil samples were collected from the &ebeFarm of Michael Okpara University of
Agriculture Umudike located by latitud®® 29" N and longitude 07° 33" E, with an elewatof
122m above sea level. Umudike is located withinTihegical rainfall zone of Nigeria. The mean
rainfall of Umudike is 2117mm, distributed over @ito ten months in a bimodal rainfall pattern
(NRCRI, 2008). The soil of Umudike is well-drainednd and originates from the coastal plain
sand and is classified as Typic Kandiudult (Lekwe @hiteside 1986).

Soils were sampled from the depth of 0-15 to gieemposite soil samples which, were air dried,
sieved through 2mm sieve and a sub sample of tegrkims (10kg) weighed and placed into 12
liter capacity plastic pots. The treatments coedistf two organic amendments, an ash and a
control. The amendments were: 2t/ha of Kitchendesiash (KRA), 2t/ha of Goat dung (GD),
2t/ha of Poultry manure (PM), 1 t/ha of kitchenidas ash + 1t/ha of poultry manure, 1t/ha of
kitchen residue ash + 1t/ha of Goat dung.

The treatments were laid out in a completely randechdesign, replicated three times to give a
total of eighteen experimental pots. The treatmeme applied a week before planting the test
crop, which was cowpea (IAR 48 variety). Two see@se sown per pot and later thinned down
to one plant per pot given a population of eightekamts. The plants were allowed to grow for 70
days and the following plant parameters were measylant height (cm) at two weeks interval
for 10 weeks after planting, number of fine branghioots, roots length and grain weight at the
70 days after treatment application. Soil chemarahlyses were carried out before treatments
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application and after plant harvest. The soil patens determined included soil pH which was
determined in 1:2.5 soil to water suspension usinegglass- electrode pH meter (Mclean 1982);
exchangeable acidity was determined by the methidteech (1965) using 1N KCI and titrating
with 0.05 NaOH. Organic carbon was determined biaxédation method of Walkley and Black
as modified by Nelson and Sommer (1982). Totaloggén was determined by the semi-micro
Kjeldahl method. Available phosphorus was deterchiby Bray 1 method (Bray and Kurtz
1945). Exchangeable bases were extracted with H{OMc buffered at pH 7.0; potassium and
sodium were read with flame photometer while catiand magnesium were determined by
EDTA titration (Lanyon and Heald 1982).

Effective cation exchange capacity was calcul#teough the summation of exchangeable bases
and exchangeable acidity, while the percentage Isagaration was calculated from the
summation of the total exchangeable bases dividethé effective cation exchange capacity
multiplied by hundred. The data generated wereestdq to analysis of variance (ANOVA) for
CRD while the means were separated using the Fesheast Significant difference (LSD) at 5%
level of probability.

Results and Discussion

The pre-planting properties of the soil used fa ¢xperiment are shown in Table 1: The soil is
sandy loamy with a pH (#D) of 5.17 and this is below the pH requirementdmwpea production
which is between pH 5.5-6.5 (Vanderborght and Bamd2001). The phosphorus level was
10.34mg/kg, which was lower than the critical lee&l12-15mg/kg for most crops (Enwezor,
1977).

Table 1: Some physical and chemical properties ohé soil used for the experiment.

Properties Value
Sand (%) 78.40
Silt (%) 9.40
Clay (%) 12.20
Textural Class Sandy loam
Soil pH (HO) 5.17
Exchangeable Acidity (Cmol /kg) 2.17
Organic Carbon (%) 1.80
Total Nitrogen (%) 0.09
Available Phosphorus (mg/kg) 10.34
Exchangeable Calcium (Cmol /kg) 2.01
Exchangeable Potassium (Cmol /kg) 0.09
Exchangeable Magnesium (Cmol /kg) 0.94
Exchangeable Sodium (Cmol /kg) 0.98
ECEC (Cmol /kg) 5.87
TEB (Cmol /kg) 4.02

ECEC = Effective cation exchange capacity, TEB= Texahangeable bases

Effect of amendments on soil acidity indices at thend of the experiment
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The result of the amendments on soil acidity insliq@H and exchangeable acidity) at the end of
the experiment is shown in Table 2. All the ameadts significantly (p < 0.05) increased the
soil pH over the control. Among the amendmentsteghe application of 1t/ha KRA + 1t/ha PM
gave the highest significantly (p < 0.05) valuetlod soil pH over the other amendments. On the
same Table 2, all the amendments significantly (pG5) reduced exchangeable acidity over the
control. Soils that received a continual applicataf 1t/ha KRA + 1t/ha PM significantly (p <
0.05) lowered exchangeable acidity values.

Table 2: Effect of amendments on soil acidity indies at the end of the experiment.

Treatment pH (H.0) Exchangeable acidity
(coml./kg)
Ot/ha 5.20 2.01
2t/ha KRA 7.01 0.44
2t/ha PM 6.88 0.55
2t/ha GD 6.34 0.66
1t/ha KRA + 1t/ha PM 7.42 0.32
1t/ha KRA + It/ha GD 7.08 0.48
Lsd (0.05) 0.43 0.14

KRA= Kitchen residue ash, PM = Poultry manure, GBeaat dung

Effect of amendments on soil available phosphorugtal nitrogen and soil organic carbon at
the end of the experiment

The application of the amendments significantly €p0.05) increased the soil available
phosphorus, total nitrogen and organic carbon tivercontrol (Table 3). The highest available
phosphorus value was obtained when 1 t/ha KRA +a PM was applied. The percentage
increase in available soil phosphorus due to thpdicgsion of 1 t/ha KRA + 1 t/ha PM over the
other treatments were, 44.77%, 86.94%, 86.19%94,66% and 68.66% respectively for 0 t/ha
(control), 2 t/ha KA, 2 t/ha PM, 2 t/ha GD and Aat/ KRA + 1 t/ha GD. The highest significant
value for total nitrogen was recorded by the appion of 2t/ha GD significantly (p < 0.05) as
shown in Table 3. Also on that same Table 3, Z@Nasignificantly (p < 0.05) increased organic
carbon over the other treatments applied.

Table 3: Effect of amendments on soil available ptsphorus, total nitrogen and soil organic
carbon at the end of the experiment

Treatment rate Available Total Nitrogen | Soil organic carbon (%)
phosphorus(mg/g)| (%)
Ot/ha 12.00 0.06 1.02
2t/ha KA 23.30 0.13 2.01
2t/ha PM 23.10 0.23 3.41
2t/ha GD 18.00 0.28 2.24
1t/ha KA + 1t/ha PM 26.80 0.23 2.00
1t/ha KA + It/ha GD 18.40 0.19 2.11
Lsd (0.05) 1.24 0.03 0.23

KRA= Kitchen residue ash, PM = Poultry manure, GBeaat dung
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Effect of amendments on exchangeable calcium, magiem, sodium, potassium, total
exchangeable bases, effective cation exchange cafyaand percentage base saturation
Generally, there was significant effect of the admants on exchangeable calcium, magnesium,
sodium, potassium, effective cation exchange caparid percentage base saturation over the
control (Table 4). The combination of 1t/ha KRALt/ha PM significantly (p < 0.05) increased
the levels of exchangeable calcium, potassium a@ndeptage base saturation in the soil, while
2t/ha KRA significantly (p < 0.05) increased excpeable magnesium, exchangeable sodium,
and effective cation exchange capacity over therdtieatments tested.

Table 4: Effect of amendments on soil exchangeabbases, effective cation exchange
capacity and percentage base saturation at the emd the experiment

Treatment Ex. Ca Ex. Ma Ex. Na Ex. K ECEC %

rate (cmol (cmol (cmol (cmol (cmol Base
kg™) kg™ kg™) kg™ kg™) Sat.
(%)
Ot/ha 1.52 0.76 0.62 0.03 4.94 59
2t/ha KRA 8.03 4.02 1.79 0.18 14.46 97
2tthaPM  7.72 3.90 1.60 0.16 13.93 96
2tthaGD  7.06 3.40 1.24 0.12 12.48 95
1t/ha KRA 8.07 3.94 1.68 0.20 14.21 98
+ 1t/ha PM
1t/ha KRA 7.54 3.42 1.54 0.14 13.12 96
+ It/ha GD
Lsd (0.05) 0.36 0.19 0.23 0.04 0.36 4.01

KRA= Kitchen residue ash, PM = Poultry manure, GDGsat dung, Ex.Ca = exchangeable
calcium, Ex. Mg = exchangeable magnesium, Ex. Naxchangeable sodium, Ex. K =
exchangeable potassium, TEB= total exchangeableshdsCEC= effective cation exchange
capacity, %Base Sat= percentage base saturation.

Effect of soil amendments on plant height, root legth, root branch and crop yield

Data on plant height, root length and root branghane shown on Fig 1. It was observed that
maize height increased with weeks after plannirdysmows significant increases over the control
with the application of the amendments. At 4 ande@ks after planting, 2 t/ha PM significantly
increased the plant height while the applicatiod ¢ha KRA + 1t/ha GD significantly (p < 0.05)
increased the plant height at 8 and 10 weeks piti@ting.

The application of the amendments to the cowpeafgigntly increased the root length and the
number of root branching over the control as shawhRig 1. The result of the analysis showed
that kitchen residue ash applied at 1t/ha in caatimn with 1 t/ha of goat dung had significantly
higher root length and root branching when compaeethe other treatments although it was
statistically at par with 2t/ha GD.

Journal of the Faculty of Agriculture and Veterigdvledicine, Imo State University, Owerri
www.ajol.info



Journal of Agriculture and Food Sciences 52
Volume 9, Number 1, April, 2011 pp. 47-56 M.l. Onwuka and H.O. Nsofor

(@)

300 -

Isd=42

250

200

EBot/ka

B2t/haKRA
eazt/haPM

ozt/haGD
B1t/haKRA+1t/haPM
B1i1t/hakKRA+1t/haGD

-
]
[=]

Cowpea hsight (cm)

2ZWPA 4W AP swap awapP 10W AP
Weeks After Planting

(b)

lsd (0.05)= 27 B0t/ka
B 2t/hakRA
B2t/haPM
B2t/haGD

B1t/haKRA+1t/

®
[=]
I

haPM
a1t/haKRA+1t/
haGD

B
o
I

N
o
I

Valus for root lenght (cm) and branching

Q

Root length Root branching
Root leght and branching

Fig 1. Effect of amendements on plant heigth (a) and root
length and branching (b}). Vertical bars represent LSD at 0.05.

The effect of the treatment on cowpea grain yisldhown on Fig 2. The control had significantly
lower grain yield as compared to the amendmentsreltvas a significant difference among the
organic amendments with 2 t/tha GD and 1 t/ha KA/healtGD emerging with the highest
significant values of 120g/pot and 116 g/pot reipely.
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Fig 2:Effect of amendments on cowpea grain yield . Vertical
bars represent LSD at 0.05

Discussion

The pre-cropping soil pH was 5.17 and this shows tie soil used for the experiment was acidic.
According to Ahn (1993), any soil with pH below Ssbacidic. Raising the pH above 5.5 by the
application of the amendments, could have ledead¢hease of other nutrients that are unavailable
and this in return, increased the grain yield ofvgea; probably that was why the pots that
received the amendments had greater grain yieldtti@control. The level of the organic carbon
in the soil could have been increased by the agibic of the amendment especially those of
organic origin. These amendments decomposed, nizetaand increased the level of organic
matter in the soil (Obi and Ebo 1995). The incrdasal pH resulted to a corresponding reduction
in soil exchangeable acidity by the applicationtltdé amendment. This is because the kitchen
residue ash and the animal manure contained basons (Fageriagt al.,2007) and basic anions
COs? (Hue, et al., 1986) that are able to remove hydrogen ion anthialum ion from the soil
exchange sites to form hydrogen, carbon dioxideauathinum oxide. Franco and Muns (1982)
reported that the application of materials contajnbasic cations, released cations especially
calcium that suppressed the toxicity of aluminunthi@ soil and this enhanced the activities of the
roots by creating a better environment for theasteof phosphorus, which helps in the root
development and growth. That may be the reasorewhére were some increments in the root
number of the pots that received the amendments.

Phosphorus is critical to cowpea yield; this isdase of its multiple effects on cowpea nutrition
(Muleba and Ezumah 1985), increase seed yield, latbdn (Kang and Nangju 1983) and N
fixation. The result of the analysis showed that phosphorus level of the experimental soil was
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10.34mg/kg, which was lower than the critical lee&l12-15mg/kg for most crops (Enwezor,
1977). Addition of the amendments increased tlesphorus level of the soil of the experimental
site.

The increase in plant height by the applicationthef poultry manure at the first few weeks after
planting of the maize could be attributed to theckjumineralization of poultry manure as
compared to goat dung which later gave higher phanghts at 8 and 10 weeks after planting.
When the manure is mineralized, it makes nutriesilable in inorganic forms that are easily
assimilated by plants. Similar result was obsetweddekunleet. al.,(2009), who recorded that
the application of poultry manure increased plaatameters at 4 weeks after planting. The
application of the amendment resulted in increagath yields, which could be as the result of
harnessing of all the nutrients in the amendmeatproduce the grain yield which is the focus of
the farmers in embarking on cowpea production,ntyease the protein nutrient intake of the
populaces in Southeast Nigeria.

Conclusion

The application of the amendments increased tHepshiavailable phosphorus, total nitrogen,

organic carbon, exchangeable calcium, potassiungnesium. The amendment also improved
cowpea root number, height and grain yield. Amadmg amendment tested the combination of
1t/ha KRA +1t/ha PM on the average increased tliigkh exchangeable calcium, exchangeable
potassium, percentage base saturation and reduoddregeable acidity more that the others,
while 1t/ha KRA+1t/ha GD significantly increasecetplant parameters determined. The work
showed that amendments mostly poultry manure, dag) and kitchen residue could be used as
an alternative to commercial fertilizer as nutrisntirce for cowpea production in the Southeast
Nigeria. Further research is recommended for tekl fapplication of the treatments on cowpea
production.
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