©O© 00 N O O A WDN PR

NDNNNMNNNNNRPRRRRERRRR
NOoO O DNWNRPRPOOWMNOOUDMWDNIEREO

W W W W W w NN
aa A W N B O O o

Effect of Urine Sources on Some Soil Health indicators, Maizeyield and Its
Heavy Metals Uptake in Abakaliki, Southeastern Nigeria

Abstract:

The need to find alternative to inorganic fertitizehich is costly and not easily
affordable to local farmers necessitates researchrare areas. Thus, this
experiment was carried out at the Plant and Sdneeise to study effect of urine
sources on some soil health indicators, maize ya@ld its heavy metals uptake.
Completely Randomized Design was used in layingettpeeriment. 20kg of sieved
soil was treated with different urine sources igikd five times. The result
indicates that soil pH, total N and organic mattere respectively significantly
(P<0.05) higher in different urine sources than tadn Human urine had
significantly (P<0.05) higher treatment effect omil $9H, percent total N and
organic matter compared to other sources of umailarly, human urine was 9-
10%, 15-27%, 10-47% and 6-5% higher in number a¥és, plant height, grain
yield and leaf area index when compared to thosgtife and goat urine sources.
Significantly (P<0.05) higher copper uptake by meagrains was obtained in
control relative to those of urine sources. Copet lead uptake by maize grains
were respectively higher by 20, 80, 87% and 87,744 in control when compared
to human, cattle and goat urine sources. Genefadlgyy metals uptake by maize
grains is below recommended safe limits for toyiciirine from adult animals is
recommended as credible alternative for improven@nsoil health status and
sustainable productivity.
Key words: effect, maize yield, heavy metals uptake, urinerses, soil health
indicators.

INTRODUCTION
Traditional agriculture relies heavily on minerattilizer NPK for crop production
in Nigeria and other developing countries (Nwit®12) and incidentally, use of
fertilizer is confronted with problems of unavailély, high cost and increase in
soil acidity. As a result, use of fertilizer is citlered to be counterproductive and
there is need for its alternative source. Thisra#teve source is urine since it
easily affordable as it could be accessed fromstoek and man. It has been
reported (Adeoluwa and Sulaiman, 2002), that uepetains useful nutrients

which if carefully harnessed could sustain soil ltheatatus and increase its
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productivity. Well preserved urine has good quadityl could have the same effect
as inorganic fertilizer in optimizing soil fertiit status of soil (Nwite, 2015).
Research shows that urine contains major nutrianlsding nitrogen, phosphorus,
potassium as well as calcium and magnesium whiclependent on age and feed
of the animals (Marino, 2008).

When there is no planned disposal of urine it ralyirconstitutes health hazard
due to its pungent odour which could be curtail@@dugh its proper treatment and
conversion in treating soil for higher productivitiwite, 2015). This offensive
odour is attributed to freshly accumulated urinepdt of 6.7 (Hoglung, 2001).
Researchers (Heinnonen Tanski and Van Wijk-Sibesh@®5; Kichman and
Peterson, 1995; Steineekal., 1999; Richeret al.,2002; Malkki and Heinnonen-
Tanski, 1999) have shown that human urine source suecessfully used as
fertilizer in crop production and raising flowens Europe and other countries.
Confirmatory studies have been carried out usindgeaand under crop and field
trials or even under home gardening (Ricleed ., 2002).

With the wide spread scarcity of inorganic ferglizand its associated problems in
food production, there is need for alternative seurf appropriate quantity of
urine is applied to the soil at right time, itsragen contents could have the same
value as that of inorganic fertilizer (Adeoluwa a@dlaiman, 2012). For instance,
100 kg N per hectare of urine improved Barley patun between 90 — 110 days
of planting in Sweden (Richegt al.,2002).

Naturally, human being could not easily accept fomaps produced with urine due
to suspicion of its health hazard status and safecdnsumption. This however
could be overcome by treating urine for qualityusasce and safe from health
hazards (Nwite, 2015). In Nigeria food crops thedvg around urinals or where
urine is disposed are normally eaten by human keargl animals without any

complaints of health problems. The objective of #xperiment was to study effect
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of urine sources on some soil health indicatorazengield and its heavy metals

uptake under Abakaliki agroecological environment.

MATERIALSAND METHODS
Experimental site

The research was conducted in 2014 at Plant areeSe¢touse of Teaching
and Research Farm, Faculty of Agriculture and NadtuResources
Management, Ebonyi State University, Abakaliki. Térea is located between
latitude (06° N and 08° 6%) in the South-Eastern zone of Nigeria. The area
experiences bimodal pattern of rainfall which igega from April-July and
September-November of each year. There is a breakigust normally referred
by residents as “August break”. At the beginningrainfall, it is torrential
and violent and is characterized by thunderstornd dightning. The
minimum and maximum rainfalls are 1700 and 2000 with a mean of 1800
mm (ODNRI, 1989). The temperature during rainy saas usually low (27°C)
but increases to 31 °C in dry season. Relative ditynis 80% in rainy season
which declines to 60% during the cold Harmattanigoey and dry season of
the year (ODNRI, 1989) being characteristics opital climate.

The soil is derived from sedimentary deposits fraetaceous and tertiary
periods. According to Federal Department of Agrictdl Land Resources
(FDALR, 1985), Abakaliki agricultural zone lies Wwih “Asu River” and is
associated with Olive brown shale, fine graineddséones and mudstone. It is
unconsolidated within 1m depth (Shale residuum) aetbngs to the order
ultisol classified agypic haplustult. The area was grown of short vegetation
and medium to tall trees. There is also growthaifue grasses, herbs and shrubs

with patches of ground.
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Experimental Design and Treatment Application

The experimental design used in this study was Ceiely
Randomized Design (CRD). Human urine of male adwds collected from
prison inmates while cattle and goat urine was sedrfrom Cattle and
Goats’ market located at Gariki and Hossana, Alkkaéspectively. This
was to reduce the time needed to collect enoughmtiyaof urine for the
study. Plastic containers of 5litres each were [wed to both prison and
Animal attendance for the purpose of collectionuoine. The animals used
were of matured age. The choice of these animals based on ease of
accessibility since every farming family in the &ty can afford to keep them.
These animals too are omnivorous and have comnexinig habit at adult age.
The urine was stored in air-tight plastic contammdor 6 months before
application to ensure sanitation process. The umeaatments were based on
hectare equivalence of 20kg soil.
Human urine = 50,000 mgHaequivalent to 100 mgKgsoil
Cattle urine = 50000 mgHaequivalent to 100 mgRgoil
Goat urine = 50000 mgHaequivalent to 100 mgKgsoil
Control = 0 mgha equivalent to 0 mgkysoil

The urine rates were applied to 20kg of soil wedyheto perforated
polybags two weeks after germination of maize sedtiese treatments were
replicated six times to give a total of twenty faxperimental polybags in the
experiment. The polybags were watered to field capas often as moisture is
required. The polybags were separated by 0.5m spabde replicates were set
1m apart.
Planting of maize

Maize variety (Oba super Il hybrid)jZea mays L.) collected from

Ebonyi State Agricultural Development Programme ABEP), Onu Ebonyi
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Izzi, Abakaliki was used as a test crop. The maeeds were planted at two
seeds per hole and at 5 cm depth in each pot. Tesksvafter germination
(WAG), thinning was carried out to allow one plgmr stand. Weeds were
removed by handpicking at regular intervals tillest.
Agronomic parameters

A total of ten tagged maize plants were used fadgt When the husks
were dried, the cobs were harvested, dehusked|eshaind grain yield
adjusted to 14% moisture content. Plant height weeasured with metric
ruler from the base of plant to tallest plant laaftasseling. Leaf area index
(LAI) was determined by the formula according to ikenet al. (2014).

LAl = Leafarea (M ......cccooevvvnvennnnn. (1)
Ground cover (R)

Soil Sampling

Auger sampler was used to collect soil samples-20 @m depth from

site where soil used for experiment was collecidte samples were bulked and
used for routine laboratory analysis. Samples verther collected from each

polybag for some post-harvest chemical propertieednination.

L aboratory methods

The samples were dried, ground and passed throungim 2ieve and used
to determine soil properties. Particle size disttidin of the experimental soil
was determined using the Bouyoucous method asnedtlin Gee and Or
(2002) procedure. Soil pH determination was caroatlin soil/water solution
ratio of 1:2.5. The pH values were read off using meter with glass
electrode (Peech, 1965). Total nitrogen was detexdchiusing Micro-kjeldahl
procedure (Bremner, 1996). Available phosphorusmenation was done

using Bray-2 method as outlined in Pagleal. (1982). Organic matter was
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determined by Walkley and Black (1934) digestiontimeé. Exchangeable
bases of calcium (Ca), Magnesium (Mg), Potassiui ékdd Sodium (Na) were
extracted using ammonium acetate @MAC) extraction method. Potassium
and sodium were determined using flame photoméftee compositions of
urine were determined by Atomic Absorption spediapmeter as well as crop

uptake copper (Cu) lead (Pb) using Dewis and F3€it876) procedure.

Data analysis

Data collected from the experiment were subjectedAnalysis of
Variance (ANOVA). Means were separated using Fsheeast Significant
Difference (FLSD) as outlined in Steel and Torri©§0). Significance was
reported at 5% probability level.
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RESULTSAND DISCUSSION

Composition of Urine

Table 1 shows some major nutrients and heavy mewsposition of urine

source. There were variations in values of nutseartd heavy metals in urine
source. Nevertheless, human urine have highestesalf nutrients when
compared to livestock sources although, comparaBkttle and goat urine
contained 0.10 mgkyeach of copper (Cu) and lead (Pb) but was notddan

human urine. The comparable composition of elemewiacentrations in animal
urine could be attributed to their adult age, ormnous nature as well as

similarity in their dietary needs.

Table 1. Compositions of some major nutrients and heavyafsdh urine

sources
Parameter Human urine Cattleurine  Goat urine

pH Kkcl 9.1 9.0 8.9
Ammonia mgkd' 0.01 0.01 0.01
Nitrogen % 4.54 4.52 4.51
Phosphorus mgky 0.04 0.03 0.02
Potassium cmol/Kg 0.05 0.03 0.03
Sodium cmol/kg 0.29 0.28 0.28
Copper mgkd - 0.10 -
Lead mgkd' - - 0.10
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Properties of Soil before initiation of study

Table 2 shows physicochemical properties of sofbbeinitiation of study.
Sand fraction was dominant in the particle sizetribsition. The textural
class was sandy loam. The pH was 5.0 which indisatengly acidic soll
(Landon, 1991). Nitrogen was 0.13% and accordingnaezoret al. (1981)
Is very low and organic matter which had 2.2% val@s moderate using
Benchmark of FMAWRD (2002) for Tropical soils. Piptwrus (20.40
mgkg') was high (Enwezort al., 1989). Exchangeable calcium was of
medium value but magnesium, potassium and sodiune wery low (Asadu
and Nweke (1999). Cation exchange capacity recordey low values
(Asadu and Nweke, 1999)it implies that the soil was of low fertility stagu
as obtained in Abakaliki areas for soils used faize production as well as
other crops.

Table 2. Properties of soil before initiation of study

Soil propeqrties Values
Sand (gkg) 750
Silt (gkgh) 140
Clay (gkg") 110
Texture class Sandy Loam
pH kcl 5.0

Total Nitrogen (%) 0.13
Organic matter (%) 2.2
Available phosphorus (mgky 20.40
Calcium (cmol kg) 3.10
Magnesium (cmol Kg) 0.92
Potassium (cmol k8 0.17
Sodium (cmol kg) 0.10
Cation exchange capacity (cmolRg 7.50
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Effect of Urine Sources on Some Soil Health Indicators

Effect of urine sources on some soil health indicsis shown in Table 3. Soil
health indicators are used in this study to indicgarameters that are
determinant of soil fertility status. Urine sourckad significantly (P<0.05)

higher treatment effect on pH when compared with ¢bntrol. Human source
of urine had significantly (P<0.05) higher pH th#wose of cattle and goat urine
sources, respectively. On the other hand, humareusias 5 and 6% higher in
pH than the urine from cattle and goat. Similadignificantly (P<0.05) higher

treatment effect was obtained in percent totalogén in human and cattle
sources of urine relative to control. Furthermoleyman urine showed

significantly (P<0.05) higher treatment effect orergent total nitrogen

compared to those of cattle and goat sources ofeurivailable phosphorus
obtained in different urine sources slightly varfedm that of the control. The

available phosphorus of human source of urine vwds higher than control and
generally marginally higher than those of cattld goat sources of urine. There
was significantly (P<0.05) higher treatment effefturine sources on percent
organic matter relative to control. Urine obtainiedm human and goat was
significantly (P<0.05) higher in percent organictteathan the one from cattle.
This represents 21 and 14% increments in percg@anoc matter in human and
goat sources of urine compared to that of cattleca

The significant increments of pH, percent nitrogesrganic matter and

improvement of available phosphorus show that thesié health indicators

were released into the soil by urine sources. Tinding indicates that urine

could substitute mineral inorganic fertilizer ascduld be used as fertilizer to
supply essential and major nutrients to soil on ¢emed and on the other
improve soil health status. These findings are ime Iwith the report of

Adeoluwa and Sulaiman (2012) that urine used dasgiter improved soil health
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236 status. Several researchers (Gute., 2005; Schonning, 2001; Adeoluwa and
237 Cofie, 2012) reported positive impact of urine atragen which increased and
238 sustained soil fertility. Higher significant pos#i effect of human urine source
239 on soil health indicators suggests that it couldrmee superior than other urine
240 sources in improving soil health indicators (Nwit&)15). This finding had
241 earlier been reported by Benge, (2006) and Adeolawa Sulaiman (2012).
242 This by extension suggests that indeed, urine ssuend particularly human
243 urine could serve as useful alternative fertilifmarcrop production.

244 The positive impacts of the urine fertilizer onldoealth indicators indicate an
245 improvement on the soil health status. The humameusource improved the
246 soil pH keeping it within a safe range of 5.6-6@rogen and organic matter at
247 significant levels than other sources. Peverly #@mates (1973) stated that
248 organic fertilizers perform better with some crophis is further supported by
249 Adeoluwa and Cofie (2012) findings that urine fiezér improved some health
250 indicators.

251

252 Table 3. Effect of urine sources on some soil health inthica

253 Treatment pH H,0 Total N% Pmgkg® OM%
254  Control 5.1d 0.10b 25.60 1.05d
255 Human urine 6.0a 0.14a 29.65 1.76a
256 Cattle urine 5.7b 0.12b 28.24 1.40a
257 Goat urine 5.6¢C 0.11b 28.30 1.62b
258 FLSD(0.05) 0.1 0.02 NS 0.05

259 P — Available phosphorus, OM(%) — Percent organgiten, N(%)-Percent
260 Total nitrogen. Treatment means with different dedt indicate significant
261 differences.
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Effect of Urine Sources on Agronomic Yield of Maize

Table 4 shows effect of urine sources on agronoymetd of maize. Urine
sources had higher number of leaves, plant heighér maize plants and larger
leaf area when compared with the control, respebtivHuman urine source
was 9-10%, 15%-27%, 10-47% and 6-5% higher in timegize agronomic yield
than those of cattle and goat urine sources. Tlectebf urine sources not
having any significant effect on agronomic paramsetd maize could be linked
to inherent capability of the maize plant (Benge0&). Results in Table 1 did
not show much variation on nutrients compositionsd ahis could have
influenced maize agronomic parameters. The geryehadiher agronomic yield
of maize in urine sources relative to control cobddattributed to improved soil
health status by urine treatment. This by implatunderscores the usefulness
of urine as credible of alternative to inorganictifezer for sustenance of soil
fertility status and in increased maize productihat is safe for human
consumption. Human urine increased agronomic yoé¢ldhaize due to its high
nutrients (Table 1) and its ability to release sambe the soil. Benge (2006) and
Adeoluwa and Sulaiman (2012) pointed out that humaane increased soil
fertility and Jathropha production.

Table 4. Effect of urine sources on agronomic yield of neaiz

Treatment No of leaf  Plant height (cm) Grainyield (g/pot) LAl
Control 11.2 58.12 2.0 0.60
Human urine 13.4 85.08 4.2 0.66
Cattle urine 12.2 72.14 3.8 0.62
Goat urine 12.0 61.98 2.2 0.63
FLSD (0.05) NS NS NS NS

LAl — Leaf area index.
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Effect of Urine Sour ces on Heavy Metals Uptake by Maize Grains
Effect of urine sources on heavy metals uptake byzengrains is shown

in Table 5. The result showed significantly (P<Q.®kgher effect of copper
uptake by maize grains in control compared to usnarces of human, cattle
and goat. This accounted for 20, 80 and 37% incnésnef copper uptake in
maize grains in control respectively when compaethuman, cattle and goat
sources of urine. Lead uptake by maize grains wgs48 and 7% higher in
control relative to human, cattle and goat soucfasine.

The significantly higher copper uptake by maizeirggagrown in control plot
compared to those grown in urine sources treatets mould be attributed to
inputs from soil rather than urine fertilizer. Agals of urine sources indicated
very low presence of copper and lead (Table 1). Jdmme trend of higher Cu
uptake by maize grains was shown by control in Ptake by maize grains
compared to those obtained under urine sourcesnesd. These findings show
that urine could be used as fertilizer for cropduction without placing man at
a risk of ecotoxicity of heavy metals. This findirgpuld be attributed to
improved health status of soil (Table 3) and lowg®ence of heavy metals in
urine sources. The likelihood of heavy metaldwdd up in soil amended with
urine fertilizer appears to be higher in soils teglawith goat and cattle urine
than human urine. Adewokt al. (2008) reported heavy metal uptake by crops
in their work and noted that these heavy metalsewsiored in crop parts.
Anikwe and Nwobodo (2002) and corroborated by Asetdal. (2008) in their
findings observed that human beings were at riskeavy metals toxicity if
they could utilize crops grown around areas contateid with heavy metals
due to eco-toxicity. This could be possible througbycling of heavy metals
through food chain. Heavy metal of lead has theacdyp to cause brain, renal or

reproductive disorders in human beings. The heaejal® of copper and lead
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are below 0.0-2.0 and 0.01 rated as medium to IO&ASEPA, 2005) values and
far below 0.0-5.0 (WHO, 1996) or 2-1500 and 2-3@6ommended as normal
by Alloway (1990). However, the interesting reswgltthat heavy metal uptake
by maize grains could not be linked to urine treatbof soil.

Table5. Effect of urine sources on heavy metals uptakenbize grains

Treatment —— & mgkg~ «——

Cu Pb
Control 0.30a 0.30
Human urine 0.04a 0.04
Cattle urine 0.24b 0.16
Goat urine 0.06¢c 0.28
FLSD (0.05) 0.05 NS

Cu — Copper, Pb — Lead, Treatment means with differetters indicate
significant differences from each other.

Conclusion

This study has shown that urine sources could ingsDIl health status
and serve as useful alternative fertilizer for meaierop production. Urine
sources significantly improved soil health indiaatoAgronomic parameters
responded positively to improved soil health statunsl performed better in
urine sources than control. Perhaps, the greaersdfizial aspect of use of urine
as fertilizer is low input of heavy metals whichelgethem below safe limits and
without any danger of eco-toxicity. In view of isuperior performance over
other urine sources, human urine could be harvestedreatment of soil for
higher productivity rather than be allowed to bested through improper

disposal.
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