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FOREWORD

Tglﬁ 4J3“l Annual Conference of the Soil Science Society of Nigerm held onllhc }5”‘ t(}
_ uly, 2019 at the College of Agronomy Complex, chc‘ral ‘Umversny 0
Agriculture, Makurdi with the theme: “Understanding Nigerian Soils for Sustainable
Food and Nutrition Security and Healthy Environment”. The choice of the theme was
prennsen on the fact that Soil is a non-renewable resource and thus 4 sustalncd
production of crops that would guarantee food and nutrition security while preserving
and Pl‘oteeting‘ the environment in Nigeria would require a clear understanding of the
nature, dynamics and properties of these soils.

Papers were presented in the areas of Pedology, Soil survey and Climatology, Land use
and Land Use Planning, Soil fertility and Plant nutrition, Fertilizer use and
Management, Soil chemistry and Microbiology, Soil biology and Biochemistry,
Biotechnology and Bioremediation studies, Soil physics, Soil and water management,
Land degradation and Soil conservation.

The modern environmental movement that has evolved from a traditional emphasis on
chemical reactions affecting plant growth to a focus on soil contaminant reactions was
clearly demonstrated at this conference in terms of the number and quality of papers
presented in this area. It was evident that the sources of these contaminants include
fertilizers, pesticides, acid deposition, agricultural and industrial waste materials as well
as oil spillage in the delta areas of Nigeria. Discussions on these contaminants and the
soil chemical reactions that these contaminants undergo and how a knowledge of these
reactions is critical in predicting their effect on the environment and quality of produce
is well reported in this book of proceedings.

There were no field trips as a result of the prevailing security situation in the state.
However, a presentation of the school laboratory project by the OCP Africa fertilizer
company came in handy. This is a modern mobile Laboratory that conducts on site
analysis of soil samples, instantly calibrates and provides field specific fertilizer
recommendations. This ensures that fertilizers are applied at rates required by crop
plants thus avoiding excesses that are bound to be applied when blanket
recommendations are made with its attendant effect on the environment.

The papers presented at the conference which are published in this book of proceedings
were painstakingly subjected to a peer review process. It is our hope that the information
contained herein will be found helpful to environmentalists, Agriculturalists, policy

makers, the academia and indeed a wide range of professionals.

Bemgba Anjembe l’h.I.)..
Chairman, Local Organizing
14 February, 2020.

Committee.
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tawele O. Osa—Afian

ture in Minna metropol; i i i

] polis and its environments, which
collecteq afadepth of 0.-15Cm, Were analyseq f hrough the city. Across the locations, soil samples
Conductivity, 6T0ta1 Nitrogen, Avajlap]e Ph o ihyslcal and chemical properties. Soil pH, Electrical
193p*/cm, 0.16mg/kg, 4.32mg/k OSphorus, and Organic Carb t 8.23
collected at a depth of 0-15cmg yi,kz;;:d L.14%, averagely, across sites. S?)r a?:o C\(:/I;tzrr]t:ar:;;:s were:

inc, of 6.56-7.98 » YISAINg ranges of pH, Electrical Conductivity, Organi

and Zinc, of 6. .98, 0.14-1 .04ds/m, , ical Conductivity, Organic Carbon, Lead,

; 0.53-
The results of analysis and evaluation of 0.72mg/, 0.00-0.02mg/l, and 0.02-0.44mg/l, respectively.
Wwater samples across treatment locations revealed that the

water is suitable for irrigation based on
.. re = .
analysis. Their suitability/quality for irr thl.lts of EC, SAR, Specific ion toxicities, and Heavy metal
Kutare >Gidan Mangoro> Morris > Opposgitcl;ndpurfoses occurred in the following order: Kanfanin
S € i P :
Ketaren Gwari is nioted to be in the zone ofincreaera Secretariat >Ketaren Gwari. Water §ampled from
Scat h d th lincreasing problems. The results of the analysis of plants in
these locations showed that Vegetables in Gidan M i i
d no traces of lead — angoro, Kanfanin Kutare, Opp. Fed. Secretariat
showed no €ad contamination. there was no trace of c h i ly;
Kanfanin Kutare, Opp. Fed. Secretariat, and Morri i opper actoss tree Siles Ramow;
; e s - - , an orris. Cadmium content of the plants in Gidan Mangoro,
Morris and Ketaren Gwarl exceeded the permissible limits set by FAO (2015). Further analysis of
enzy{natlc activities shpwed that Dehydrogenase, Urease and Alkaline phosphatase activities were
positively .correlated with rpost of the water quality parameters which indicates that an increase in the
concentration of the chemical properties of irrigation water will lead to a significant increase in the
activities of Dehydrogenase, Urease and Alkaline Phosphatase.

are principally irrigated from cangg running ¢
g

Keywords: Heavy metal, Water Quality, Irrigation, Enzyme Activities.

Ratio (SAR), chloride, boron and
miscellaneous  effects  like  nitrates,
bicarbonates and pH of water (Ayers and
Westcott, 1985).

Following additions to the soil, organic
loading of waste water undergoes
decomposition to CO, low molecular weight
soluble organic acids, residual organic matter
and inorganic constituents (Boyd er al,

1980). |
Soil microorganisms as one part, can be

INTRODUCTION.

The quality of irrigation water directly
influences the quality of soil and crops grown
on a given irrigated soil. Salinity is the most
common problem and about 10 million
hectares of land is lost annually due to
salinity (Tanji, 1990). Asa consequence, the
effective use of both the agricultural Jand and
the irrigation water has become an
i”dispensab]e component. The quality of

imigation water is as important as the nature
of a soil, If the quality of water supplied for
Irigation is not good, the soil det'enoratcs
and ultimately decreases the crop yield. The
IMigation water quality criteria depend on
sfalinity, permeability, speciﬁc jon tox191ty
ke sodium in terms of Sodium Adsorption

587

sensitive biological markers and can be used
to assess soil quality or degradation.
Enzymes require a certain level of water in
their structures in order to maintain their
natural conformation, allowing them to
deliver their full functionality. Furthermore,
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as a modifier of the solvent, UP t pro
level, water can modify the S_Olven
such as polarity/polarizablhty as woductS- In
solubility of the reactants and the P* of the
addition, depending on the type in
reaction, water can be a substrate (€-8-
hydrolysis) or a.product. (e.8 fuencing the
of the enzymatic reaction, 1 < found
enzyme turnover in different ways: It Is i
that regardless of the type of react}on, uz
functionality of enzyme itself is maxlrl}umlﬁl
an optimum level of water, beyond which the
enzyme performance decline due t0 the loss
in enzyme stability.

Some problems associated with
irrigated  soils include; heavy mletal
contamination, nutrient immobilization,
organic matter accumulation, and pH
extremes depending on the source of inputs.
In this study, an attempt was made t0 study
the effect of the quality of irrigation water On
soil microbial enzyme activities in irrigated
soils under agriculture, as well as the heavy
metal loading in plants. For this, the urban
and peri-urban areas in Minna, Niger state,
were considered.

The major source of irrigation water is the
wastewater that drains into the water canals
that criss-cross the city. The wastewater is
derived from discharge from domestic waters
as well as effluents from industrial and other
economic activities which ultimately affect
the quality of the water used for irrigation.
Industrial effluents and discharges from
activities from motor mechanics workshops
as well as chemicals from everyday domestic
use, may build up in the soil and get into the
food chain. Finding out the effect of this
irrigation water and the heavy metal load (if
any) on human health and soil health, is of
paramount importance.

The aim of this research is to determine the
effects of irrigation water quality on
microbial enzyme activities in soils under
irrigated agriculture in Minna, Niger state.
The objectives also are to determine the
quality of the irrigation water used for
cultivation, examining the health of irrigated
sgrls Lfsnng'n11'crol>1al enzyme activities ag
biological indicators, assessing the heavy

these

of the Soil Science

in esterolysis) .

Society of Nigerid 2,

.+ olants, and soils jp.
metal loading 111 pl i m&llc(]
with water running thr ic capg.

ies of the ey U8,
and correlate the prOPeirttl ¢ soi] it
microbial enzyme activity.

MATERIALS AND METHOD,
i cription. &, '
'ngz Iqude ptook.Plalce in Minna (9014,
6°30°E), which lies in the So}lthern ,Guine;
Savanna of Nig;rla. The climate is sy
humid tropical with rglean annual rainfa] o
about 1200mm (90% of the rainfy, A
between June and August). The meap dai]y

ture rarely falls below 220¢ .
March and November 0 Decepye,
respectively. The soils of Minng are
predominantly Alfisols (USDA) developeg
from basement complex rocks ranging fro,
shallow to very deep soils, overlying deeply
weathered gneiss and magnetite with sop,
underlain by iron pan to varying depth
(FDLAR, 1990). Soil, Water and Play
samples were taken at three sampling poins
from five treatment locations which are 4
follows:

i, Kanfanin Kutare - N 09°31° 5477 g
006°35° 16.3”’ Elevation (m) 214m,

ii. Morris - N 09935° 44.4°” E 00632’ 14.4”
Elevation (m) 225m.

iii. Ketaren Gwari - N 09936’ 149" E
006°32° 16.1”* Elevation (m) 233m.

iv. Federal Secretariat - N 09°37° 31.9” E
006°31° 34.0°” Elevation (m) 253m.

v. Gidan Mangoro. - N 09°33’ 40.3” E
006%30° 29.0 Elevation (m) 260m.

Water Sampling Procedure and Analysis.

Water samples were collected using sterilized
containers at a depth of 0-20cm, early in the
morning (6 am). The water sample
containers, which were polyvinyl chloride
(PVC) bottles were properly washed and
labelled prior to sample collection. The waiet
samples were taken at three intervals during
the year in order to better monitor the
accumulation of heavy metals over time
Collected samples were kept in dry, and
shaded place prior to analysis (Pennstat®
2018). Samples were then jmmediately 2"
to the laboratory for analysis.
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roanic Carbon was determi :
and Black wet oxidation lmglgfo‘(;m;m Walkey
by Rodajewc_and Bashkin (1995)5 ntll‘n-atcd
deterlnined using glass electrode pfi PH was
described by Rodajevic and Bashki meter as
Electrical Conductivity was deter . (199?),
ioital conductivi determined with
a digital vity meter as described
Rodajevic o l;md Bashkin, ed by
pxchangeable bases (sodium o
P e digest were detemnneznfiv ililcim-[fSNm)
hotometer filter, and was set for reqdf}me -
589nm, For Potassium, the flame Pho(tomg at
filter was set for reading at 769 nm &Eul?r
magnesium and.calcium were determ’ined *:,e
complex 'metrlc titration method Witill
ethylene diamine tetra acetic acid, described
by Rodajevic and Bashkin (1999), Titre value
(ml) was multiplied with 1000 and divided by
the volume of sample (ml) to obtain the total
hardness, The following formula was
employed to get value of calcium in (mg/l).
T*400.5%1.05/V. Where T= volume of titrant
(ml) and V= volume of sample used (ml),
Magnesium values were calculated from the
values of total hardness and calcium hardness
determined earlier using the formula
Magnesium (mg/l) = (T-C)* 0.244. Where,
T= total hardness (mg/l, as CaCO03). and C=
calcium hardness (mg/l, as CaCO0:3).
Free chlorine was determined using ion
chromatography method as described by
Rodajevic and Bashkin (1999), Nitrate (NO3
) was determined by phenol di-sulphonic
method described by Rodajevic and Bashkin
(1999), Heavy metal pollutants in water
(cadmium, chromium, Jead, copper and zinc)
were determined using atomic absorption
spectrophotometer after digesting with
concentrated nitric acid, as described by

Rodajevic and Bashkin (1999)-

rocedure and Analysis

sampling method,
collected from three
tment Jocations for

Soil Sampling P
Using simple random
fifteen soil samples were

(3) plots at the five tred 2 5
analysis. The soil samples WEIe collected ata

uniform depth of 0-15¢m- All samples Wcrg
taken early in the morning before 10am and
were collected using sterilized containers an

equipment. Following sample collection, the

¢ ofthe S
Soil Ser,
il Science Society of Nigeria

(1999),
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abelled, before being
le preparation
| samples
hand and

samples were properly |
taken to the laboratory for samp
and analysis. The composite soi
were air dried, disaggregated by
some quantity passed through 0.5mm mesh
sieve while the remaining via 2mm sicve for

physical _ and  chemical propertics
determination  according 0 standard
methods.

The soils at all the five sites are subjected to
continuous  cultivation ~ under unified
conditions during rainy season and under
irrigation during the dry season. Except for
Kanfanin Kutare site which is irrigated using
water from a river, the sources of water for
irrigation at the other four sites are drainage
channels which drain waste water from
domestic and commercial activities. Hence,
the Kanfanin Kutare site is used as a control
for this study.

Particle size distribution was determined by

pipette method as described by Rodajevic

and Bashkin (1999), Soil pH (soil-solution

ratio 1:1) was determined using glass

electrode pH meter in distilled water

according to the procedure described by

Ibitoye (2008), Electrical conductivity was

determined electrometrically using digital

conductivity meter (soil- distilled water ratio

1:1) (Gosh et al., 1983). Total nitrogen was

determined using the Kjeldahl procedure as

narrated by Ibitoye (2008). Available

phosphorus  was extracted by BrayP-l

method (Bray and Kurtz, 1945), Organic

carbon was determined using Walkey and

Black wet oxidation method as described by

Rodajevic and Bashkin (1999).

Exchangeable bases Were determined Dby

extraction with neutral IN sodium acetate

solution (NH4OAc), as described by Ibitoye

(2008), Values of exchangeable acidity were

calculated using this formula. Ti-T2¥N*50

(cmol kg). T\=Sample titre value, T>=Blank

titre  value, w= Weight of sample,

N=Normality of NaOH and Heavy metals

were determined using atomic absorption

spectrophotometer after digesting the soil
samples using aqua regia digest method

(Baker and Amacher, 1982).
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Microbial Enzyme Activity Analyt
Methods. e cid
Alkaline  Phosphatase ~ activity, actf; ity
Phosphatase activity, and Urease Method
were determined using Tabatal')il'1 s
(1994),  Dehydrogenase ~ activity othod,
determined using Thalmann (19-6_8), I was
while  Phosphotriesterase 'act1v1ty et
determined using Tabatabai and Bre
1969) Method. A
i’lant)Sampling Procedure and Analylslz 3
Whole plant parts, were taken for ana )’le;
prior to fruiting stage. The plant samp 0
(Amaranthus viridis) were collected usl ri
simple random sampling method. They Wel
stored in a clean, air tight container, propetly
labelled, and taken to the laboratory for
analysis, where the plant sar.rlples ‘_’”";re
thoroughly rinsed to remove foreign particles

RESULTS AND DISCUSSION
Water Sampling Analytical Results.

; 650C ThiS
dried at S Sany
e T,

and over
prepar?tlo .
analys1s- Els (Cadmium, Chrommm’ >
Heavy “Zm 4 zinc) in the p.lant tissye -,
Copper d gtoml.c . absorptig
determint meter, after digestion 1, o

. v h nitrate acid (HN03)-‘VQI
-dation Wit N :

Ox:rated by Ibitoye (2005).

na

Statistical Analysis

f this work was Subjecteq

The reiSSUl:)fovarianCe (ANOVA) USing tltl(e]
Anal}’gs1 program. Duncans Multiple Range
%:s? was used for means SParatig,

elation matrix was used to COrreyy,
Corr bial enzyme act1v1tle§ With i
Hﬁcgi)cal and chemical properties, as Wel] o
Eviz,h water chemical properties.

< cati of the Study Area.
Table i: Selected Chemical Properties of Irrigation Water

. : , Opp. Feg,
Gidan Kanfanin — poi0ven Gwari  Morris ecretariy
Property Kutare
Mangoro u e 7.46° 798
H 7.342 6.56° o b be
p b 0.14¢ 1.04 0.63 0.48
E.C (ds/m) 0.48 . h 106.09° 43271) 3700b
Cl (mg)) 43.22b 8.24 ' a b
b 39.112 31.33 26.35
Ca (mg/l) 27.122 9.67 et 9,122 8 540
olmgl) . leas el 63.991 17.88° 39,58
Na (mg/l) 22.62° 21.592 P tid 8
K (mg/l) 0.132 9,982 21.76 8-42a 47.40
0.C (mg/1) 0.69* 0.722 0.532 0.72b 0.65;
HCOs (mg/l) 48.89° 13.92° 102.412 53.18a 33.08
SAR 0.802 1.212 2.572 0.82 1.972
NO;3-N (mg/l) 0.292 0.192 0.792 0.522 0.41°
Pb (mg/1) 0.012 0.00? 0.02? - 0.002 0.00
Cd (mg/1) 0.00? 0.00° 0.022 0.002 0.01°
Cr (mg/l) 0.06* 0.00P 0.06 0.02b 0.00°
Zn (mg/l) 0.12% 0.02¢ 0.442 0.23b 0.200
Cu (mg/l) 0.082 0.072 0.06? 0.052 0.04?
Means on the same row with different superscript

Acidity/Alkalinity - The
from 6.56 - 7.98. Wit
recorded at Opposite

Location and the lowes
Kanfanin Kutare locat
results of water sampl
were slightly acidic t

PH values ranged
h the highest pH
Federal Secretariat
t value recorded g
on. These analytical
es indicate that the
o slightly alkaline in

nature and their PH ranges were found to be
within the standard recommended limit of 6.5
=85 (Ayers and Westcott, 1976). The lower
PH value of sample from Kanfanin Kutare

may be partly due to high content of humic
acids in the sediments,
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- The EC of water ranged from 0
1.04 ds/m, indicating that the -
yighly suitable for irrigation purposes i their
respective locations as reported by Tsado i
al. (2016). The rc].au\'cly higher valye ong
of water sampled in Ketren Gwari, could b
attributed to th_e discharge of wa;te wat i
and suspended inorganic matter present in flrs
canal throu gh which the water flows b
Wwater Infiltration Rate - The resul'ts of tt
analyzed water samples indicate that sam 1;:
from Gidan Mangoro had the least valug of
0.80, with the highest recorded at Ketare
Gwari which had a value of 2.57. The highesr‘t
value of SAR here, is considered a moderate
level of SAR as stated by Tsado, et al
(2016). All water sampled across tr,eatmex;n
Jocations, were considered s excellent seeing
as all SAR values were < 10.

Specific Ton Toxicities (Ca, Mg, Na, Cl,
HCO3, K, NO3-N) - Calcium Content of
water samples varied from 9.67 mg/l - 39.11
mg/l in Kanfanin Kutare and Ketaren Gwari
respectively as well as Magnesium content of
water samples which varied from 8.25 —
16.43 mg/l in Kanfanin Kutare and Gidan
Mangoro respectively. The concentrations of
Calcium and Magnesium content of water
samples across the treatment locations are
considered suitable for irrigation (Hossain
and Ahmed, 1999). Sodium content in all the
sites ranged from 17.88 mg/l — 63.99 mg/l.
with the lowest rate recorded in Morris and

Salinit)'
ds/m -

Expected annual loading rates (ALR) i

Table ii:

Metal

A B
Pb 0.37 0
Cd 0.19 0.19
Cr 1.12 0
Zn 225 0.37
Cu 1.5 1.31

A= Gidan Mangoro, B=
ketaren Gwari

ates at which heavy!
hows that except for
ase signi

This represents the I
annually. The table s
Cu concentrations will incre
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0.94
0.75

Kanfanin Kutare C=0p

metals are expected to 1o
Cd, the other heavy met

ficantly annually.

the highest rate occurring in Ketaren Gwari.
Chloride levels across the sites ranged from
8.24 mg/l - 106.09 mg/l with the lowest rate
occurring in Kanfanin Kutare. The values are
within the usual range expected from
irrigation water (0-30 meq/l) (Dewis and
Freitas, 1970). Sodium, Chloride and
Potassium content in all the Jocations were
within the safe limit for irrigation (Ayers and
Westcott, 1985). NO:-N content n water
samples across sites was highest in Ketaren
Gwari at 0.79 mg/l and was lowest 1n
Kanfanin Kutare at 0.19 mg/l. The specific
toxicities of ions such as Ca, Mg, Na, Cl,
HCOs, K, NO;-N were Jowest in Kanfanin
Kutare which served as the control in this
experiment. According 10 water quality
classification after Wilcox ( 1945), All water
samples were within the safe limit (B < 0.75
mg/1), and are excellent for irrigation.
Organic Carbon Content - Levels of
organic carbon content ranged from 0.53
mg/l —0.72 mg/l. the lowest level occurred in
Ketaren Gwari while the highest level
occurred in two locations namely, Kanfanin
Kutare and Morris.

Heavy Metal Concentrations - AcCross all
the sites, the heavy metal concentrations were
very low to non-detectible, thus suggesting
that the irrigation water across sites is low In
heavy metal contents and suitable for
agriculture on the basis of heavy metal
concentration according to FAO (2013).

n kg/ha/year of heavy metals at the study sites.

Sites

ALR Limit in
C E Kg/hal/yr
0 0 0.56 15
0 0.75 0.15
0 0.37 1.12 15
15
431 8.24
2.62 1.12 7.5

posite Federal Secretariat, D= Morris, E=

ad the soil at the study sites,
als such as Pb, Cr, Zn and -
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Soil Sampling Analytical Results. .
Table iii: Selected Physical Propertie

Parameters Gidan Mangoro

Sand (g/kg) 801*® 725°

Silt (g/kg) 139 208*

Clay (g/kg) 61° 67"

Textural Class Sandy Sandy
Loam Loam

s of the Soils of the

Kanfanin Kutare

Means on the same row with differe

Soil Texture.

Soils samples which were taken from 0-15cm
of the top soil, ranged from sandy loam soils
to loamy sand soils. Sandy soils were also
inclusive. But the bulk of the samples were
predominantly loamy sand soils. The highest
concentration of sand occurred in Ketaren
Gwari at 887 g/kg, while the lowest
concentration occurred in Kanfanin Kutare
which served as the control for this
experiment at 725 g/kg. Ketaren Gwari which
showed the highest concentration of sand,
was regarded as a sandy soil, unlike other

A e of Nigeria
» Soil Science Sociel .‘-——f—’—""ng
L

Study Area.

Opp- Fl:‘d- Morris Ketaren g, .
Secretariat arj
855.1 804“’ 887"

89® 153* A

56% 44b¢ 43¢

Loamy Loamy Loamy

Sand Sand Sand

nt superscripts are significantly different (p <0.03)

locations which were predominantly loamy
sand soils. )
All soils are not created equal. A bagje and
important difference between soils is texpyy,
This refers to the mixture of size partjceg .
a soil. Soils of different texture pose differe,
risks for the movement of contaminantg from
agricultural lJand. Knowing what soil teXtureg
make up the fields on a farm, is an impo rtang
step toward using management practices that
maximize productivity and  minimjz
environmental harm (Hilliard and Reedyj
2014). :

Table iv: Selected Chemical Properties of the Soils of the Study Area.

, Gidan Kanfanin Opp. ‘ed.

Parameters Mangoro Kutare Selllr)etariatr . oS Ié:f:::le "
pH (H20) 7.53b 7.34b 8.232 6.90° 6.68¢
E.C (ds/m) 0.172be 0.12¢ 0.26% 0.272 0.15%
Total N (g/kg) 1.40b 1.50% 1.30° 2.032 1.874
g\gilablieP(mg/kg) 2.85¢ 3.52¢ 2.80¢ 4.94b 7518

(e/ke) gap LT3 10.83° 1477 1123
Ca (cmol/kg) 2.00° 2.60° 4,03 5.832 2.70b
Mg (cmol/kg) 0.37¢ 0.600 0.73b¢ 1'23a 0'97ab
K (cmol/kg) 0.123 0.07 0.41% 0.803 0'39ab
Na (cmol/kg) 0.28% 0.03¢ 1.042 1.07a 0.91ab
Al (cmol/kg) 0.17 0.27 0.20° 0‘2 a 318
H (cmol/kg) 0.122 0.112 0.07 o'o; 8(3);

M i |
eans on the same row with different superscripts are significantly different (p < 0.05)
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1 idit},/Alk:llillit)' (Soil pH) - Soil py
AY 4 from -().(18 to 8.32 across lreatn? ’
locilti0[15..\\’1tll th‘c highest rate l'CCOF(;::(;
ccuﬂ'mg in Opposite lﬁ"cdcrnl Secretariat and
e Jowest ‘mtc occurring in Ketaren G\\;ar‘
he analytical resu‘lls of the soil sam )lcl‘
dicate that .the ‘smls are slightly acidilc tcs>
dlightly alkaline in nature. These pH values
ere found to be within the standard
recommended limit of 6.5-8.5 (Ayers and
westcott, 1976).

Soil Electrical Conductivity - Means across
all freatment locations were  significantly
different from each other. With EC ranging

from 0.27 ds/m — 0.12 ds/m, with the highest

[ate occurring in Morris and the lowest rate

occurred in Kanfanin Kutare.

Total Nitrogen - Total Nitrogen content
varied across treatment locations, ranging
from low to medium with the highest Total
Nitrogen content recorded (2.03 g/kg),
Morris and the lowest rate (1.30

occurring 1n
Opposite  Federal

g/kg) occurring  in
Secretariat location.
Available Phosphorous - Available

Phosphorous ranged from 2.80 mg/kg - 7.51
mg/kg across treatment locations. With the
Jowest range occurring in Opposite Federal

of the Soil S
[ Science Society of Nigeria

2019

Secretariat location and the highest range
occurring in Ketaren Gwari.

Exchangeable Bases (Ca, K, Mg) -
Potassium content ranged from 0.07 cmol/kg
~0.80 cmol/kg in Kanfanin Kutare (Control)
and Morris respectively, Calcium content
tanged from 2.0 cmol/kg in Gidan Mangoro
to 5.83 cmol/kg in Morris. 0.37 cmol/kg was
recorded in Gidan Mangoro as having the
lowest magnesium content. While the highest
occurrence was recorded in Morris s 1.23
cmol/kg. The high magnesium content at
Morris can largely be attributed to the
presence of a fully functioning fertilizer plant
in the area which discharges effluents into the
canal.

Exchangeable Acids (Al, H) - The highest
concentration of Aluminum occurred 1n
Ketaren Gwari, at 0.31 cmol/kg, while the
lowest occurred in Gidan Mangoro at 0.17

cmol/kg. Gidan Mangoro recorded the
concentration  of exchangeable

highest
hydrogen which occurred at 0.12 cmol/kg,

and Opposite Federal Secretariat recorded the
lowest concentration at 0.07 cmol/kg. These
values were low, indicating that the study

area, had relatively low acidity.

Table v: Selected Heavy Metal Concentrations of Soils in the Study Area.
) Kanfanin  Opp. Fed. . Ketaren

Parameters Gidan Mangoro ¢ re Gheibtariat Morris  oad

Lead (Pb)(mg/g) 0.19° 0.00° 0.00° 0.12° 0.41°

Cadmium(Cd) 0.20}, 0. 13b 0.11° 0.21b 0.682

(mg/g)

Chromium(Cr) 2.48P 0.00° 0.17° 4917 4,18

(mg/g)

Zinc (zn) (mg/) g 15 4,63 3.09 8.47° 13.04°
3.50¢ 4.63" 24.82"

C()l)[zcr (Cu’ (n]g[g 18771’ 9.02°

Means on the same row with different supe

rscripts

arc significantly different (p <0.05)
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Heavy Metals in Soils. )

There were no traces of lead in Kanfanin
Kutare and Opposite Federal Secretariat.
Whereas, Ketaren Gwari recorded the highest
lead concentration at 0.41 mg/g. Cadmium
concentrations ranged from 0.11 mg/g to 0.68
mg/g. Which were the lowest and highest
occurrences across sites at Opposite Federal
Secretariat and Ketaren Gwarli respectively.
There were no traces of Chromium at
Kanfanin Kutare treatment location, while
the highest concentration of Chromium,
occurred at Morris treatment location at
4.91mg/g. Zinc had the highest concentration

Table vi: Selected Soil Microbial E

occurring i0 Ketaren Gwari at 13 04 "
and the Jowest concentration oCCurring ig
Opposite Federal ‘Secretanat locatioy nl
3.09mg/g The . hlg_hest concentratigy, .
Copper occurrfed in Ketaren Gwgyy

24.82mg/g, whllg the lowest Concentry
occurred Opposite Federal Secretariat

3.50mg/g with treatment means, differ;,
across treatment locations. Across Sites {

highest levels of all he?avy. metals o
recorded at Ketaren Gwari which can largely

be attril_vuted to the presence of a mechapj,
village in the arca

nzyme Activities of Soils in the Study Area,

Parameter ﬁi::;om Iliz?:::in (S)g::l:'.etari::ed. Morris K‘e:::ien
Alkaline Phosphatase (g/g) 0.012% 0.014* 0.025% - 0.0232 0.0162
Acid Phosphatase (g/g) 0.009* 0.015° 0.019° 0.0112 0.0122
Urease (ugN/g dry soil) 9.227¢ 21.020° 26.09° 33.1272 24 653b
g:?{rd;gﬁfgzsfy ) 69253 67073 821000 78427 6820y
Phospho-triestease 15.643° 31.930° 16.29° 17.46° 10.47¢¢

(ugPNP/g dry soil)

Means on the same row with different superscripts are significantly different (p < 0.05).

In Opposite Federal Secretariat, the highest
level of alkaline phosphatase activity was
recorded at 0.025 g/g, indicating that
Phosphorus is most limited here, while the
Jeast level was recorded in Gidan Mangoro at
0.012 g/g indicating that Phosphorus is most
sufficient here. These values indicate a
relatively low activity of alkaline
phosphatase in the soils across treatment
locations as supported by Nannipieri et al,,
(2011). There was no significant difference in
acid phosphatase activity across the treatment
locations. Although the highest rate was
recorded in Opposite Federal Secretariat

Location which invariably means that the

soils of the area are limited in Phosphorus
while the lowest was recorded in Gidan
Mangoro which also means that Phosphorus

is most sufficient in this area at 0.019 g/g and
0.009 g/g respectively, while 0.015g/g was
recorded at Kanfanin Kutare. Urease activity
in soils of the study area ranged from 9.22
ugN/g dry soil to 26.09 ugN/g dry soil across
treatment locations. With the highest rate
occurring in Opposite Federal Secretariat
location and the lowest rate occurring at
Gidan Mangoro site. Also, Kanfanin Kutare
recorded 21.020 ugN/g dry soil. Urease
activity which is considerably high here, i
directly related to the vegetation of the soi-
Higher values of urease activity in Opposit®
Federal Secretariat location suggests
there is higher vegetation there than in other
locations The highest rate of dehydrogenas®
activity recorded, occurred in Opposit®
Federal Secretariat treatment location & 2.
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mg TPF/kg dry soil indicating that the site is
most dehydrated and most oxidized, while
the lowest rate of dehydrogenase activity
recorded occurred in Kanfanin Kutare at
¢7.173 mg TPF/kg dry soil, indicating the site
as the least hydrated and least oxidized.
These rates of activity are appreciably high as
reported by Jarvan et al., (2014). The highest

rate of phosphotriesterase activity ocecurring
in Kanfanin Kutare at 31.93 ugPNP/g dry soil
and t_he lowest rate occurring in Ketaren
Gwari at 10.47 ugPNP/g dry soil. The values
of the enzyme activity suggest that there was
an appreciable activity of phospotriesterase
in the soils of the study area as suggested by
Nannipiert, (2011).

Table vii: Selected Heavy Metal Concentrations of Amaranthus viridis in the Study Area.

em——

Pb Cd Cr Zn Cu

_Sites (mg/kg) (mg/kg) (mg/kg) (mgkg) (mgkg)
Gidan Mangoro 0.00 0.16 0.00 3.55 0.12
Kanfanin Kutare 000 005 000 273 0.0
Opp. Fed. Secretariat 0.00 0.00 0.00 0.89 0.00
Morris 0.1 0.15 . 0.00 3.25 0.00
Ketaren Gwari 0.14 0.13 0.05 6.36 0.01

Vegetables in Gidan Mangoro, Kanfanin
Kutare, Opp. Fed. Secretariat showed no
traces of lead contamination whereas,
vegetables analyzed in Morris showed a lead
concentration of 0.1 mg/kg, while Kataren
Gwari showed lead concentrations of 0.14
mg/kg. These levels are relatively low and
quite safe  for human and animal
consumption. This is supported by a
publication by Yusuf and Oluwole, (2009).
Cadmium concentrations ranged from 0.05
mg/kg to 0.16 mg/kg with the highest
occurring in Gidan Mangoro site and the
‘lowest in Kanfanin Kutare. There was no
trace of cadmium in Opposite Federal
Secretariat site. The rates of cadmium
concentration in the vegetables were low and
did not exceed the safe limits as stated by
FAO/WHO. Except for Ketaren Gwari which
showed chromium concentration of 0.05
mg/kg, all other sites showed no traces of

chromium. The heavy metal at 0.05 mg/kg
concentration, was low and pose little to no
risk to the consumers. Zinc concentrations

" ranged from 0.89mg/kg to 6.36 mg/kg with
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the lowest concentration occurring in
Opposite Federal Secretariat location and the
highest occurring in Ketaren Gwari. These
levels of zinc are relatively low and will have
no adverse effects on the health of animals
and humans. This assertion is supported by
Yusuf and Oluwole, (2009). Who stated that
the safe levels for zinc concentration in
vegetables is 40.0 - 60 pg g'dryweight.
There were no traces of copper across three
sites namely; Kanfanin Kutare, Opp. Fed.
Secretariat, and Morris. Ketaren Gwari
recorded copper concentration of 0.01 mg/kg
while Gidan Mangoro recorded a rate of 0.12
mg/kg. These levels of copper concentrations
were relatively low and pose little to no risk
to human and animal health.
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Table viii: Correlation of Mlcr
Irrigation Water.

, ’ ACID
mf\ole;’ﬁl:\ls:sm pHOSPHA ’rASE
ACTIVITY (g/g) CTIvITY

pH 0511 -0.150
EC u2"1 em 0.280 -0.306
Clmg/l 0.061 -0.081
Camg/l 0.377 .0.282
Mg mg/I -0.291 .0.041
Na mg/I -0.158 0.072
Kmg/l -0.237 0.353
0.Cmg/l 0.495 -0.030
HCO" 3 mg/I 0.068 -0.138
SAR -0.177 0.152
Pb mg/l -0.087 -0.245
Cd mg/l -0.179 0.166
Cr mg/l -0.256 -.538°
Znmg/l 0.153 -0.138
Cumg/l 0.237 -0.245
NO™3 mg/l 0.365 -0.179
Correlation of Microbial Enzyme

Activities with Chemical Properties of
Irrigation Water.

Soil acid phosphatase activity was negatively
correlated to most of the water quality
parameters, but showed close and positive
correlation to Na, K, SAR and Cd. Soil urease
activity was negatively correlated to water
organic carbon and all heavy metals
excluding lead. Soil urease activity was
closely and positively correlated to pH, Cl,
Ca, Mg, Na, K, HCO™ 3, and SAR of water
samples. Alkaline phosphatase activity
showed positive correlation to pH, EC, Cl,
Ca, O.C, HCO™ 3, Zn, Cu, and NO™ 3. while

obial Enzyme¢
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o Nigerid 201,

with Chemical Prolmrtieg y

Act‘ivities
DEIYDROGE  PIOSpis:
UREASE II\I\;\[”S[‘I;:( (mg T LR/\SE
/ (h) ACT .a ACTI\’[’] ,
(ugN/E dry soil ) \

0.197

0110 -0.206 0337
0.256 -0.054 0368
0.152 i 0221
0.414 0.212 -()'320
0.219 0.341 -0.238
0,499 -0.281 0.406
0,]28 -0.130 ..()'331
0.382 0.238 L0310
0.108 -0.194 -0.160
-0.103 0.021 -0.192
-0.229 -0.288 -0.38]
-0.004 -0.062 -0.444
-0.447 -0.321 0.098
-0.103 -0.336

on the other hand, it showed a negative
correlation to Mg, Na, K, SAR, Pb, Cd, ang
Cr. Soil alkaline phosphatase in addition to
being affected by organic carbon, is also
being influenced by soil pH. Soil
phosphotriesterase activity was negatively
correlated to all but two water quality
parameters namely: O. C and Cu
Dehydrogenase activity showed positive
correlations to Na, K, SAR, and Cd. It was
negatively correlated to -all other water
quality — parameters.  Throughout the
interactions, there were no significant
correlations between the microbiological
enzyme act1v1t1es and water chemical
properties.
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L ALKALINE ACID :
EACTIVITY Pél?gp HATAS  UREASE e \\[cnrll(:(;ln\ PIOST OTRIES
(e/g) ’ (]/“, - (ugNiedry  (mg TPF/kg dry ACTIVITY
M\%‘ _sglsl()) 5:’3') (ugPNP/g dry soil)
EC ¢ “cm 403 175 143 ;;(; -‘05:
%N -.021] -.228 019 " b < -2
APmg = kg 054 2209 il -'”; j 16
Ca Cmol/kg 340 000 -010 ; -.-:iO
Mg Cmol/kg 279 -.044 T 6:72 -078
K Cmol/kg 252 o o 005 162
Na Cmol/kg 067 142 905 e i
o= . -050 082 047 "(;]SI"
Pb mg/ke -176 _384 s ol -
Cd mgkg 166 268 038 299 Ee
Cr mg/kg 014 -.487 284 ‘004 _..‘Oq
Zn mg/kg -211 -.484 004 310 j“
Cu mg/kg -.383 -378 269 471 -.;_S:

* Conelatiqn is_ significant at the 0.05 Jeve] (2-tailed).
**. Correlation is significant at the 0,01 level (2-tailed).

Correlation of Microbial Enzyme Activities
with Chemical Properties of Soil.

Soil urease activity was closely and
positively correlated to soil %N, available P,
Mg, K, Na, %0.C, EC, Pb, Cd, Cr and Zn. It
showed a negative correlation to PH, Ca,
and Cu properties of the soil. Soil organic
carbon, had a positive direct effect on
alkaline phosphatase activity and alkaline
phosphatase  activity showed positive
correlations with most of the soil properties
except for %N, Pb, Cd, Zn, and Cu, with
which it was negatively correlated. Acid
phosphatase activity showed a negative
correlation to all but one soil property (pH)
with which it was positively correlated.
Whereas, Ca had no effect on acid
phosphatase activity. Na was significantly
correlated to dehydrogenase activity and Fhe
enzyme activity showed close positive
correlations to pH, EC, Ca, K, Na, and Cr.
With  all  other  soil  properties,
dehydrogenase activity showed a negative
correlation. Phosphotriesterase activity was
negatively correlated to all soil properties
except for %0.C with which it showed a
positive correlation. There was no perfect

positive or perfect negative correlation in all
the values considered.

CONCLUSION AND
RECOMMENDATIONS

The results of analysis and evaluation of
water samples from five locations in Minna,
Niger state for irrigation purposes revealed
that the water is suitable for irrigation based
on results of EC, SAR, Specific ion
toxicities, and Heavy metal analysis. Their
suitability/quality for irrigation purposes
occurred in the following order Kanfanin
Kutare >Gidan Mangoro> Morris >
Opposite Federal Secretariat >Ketaren
Gwari. Water sampled from Ketaren Gwari
are noted to be in the zone of increasing
problems and turned out to be the least

suitable ~ for  irrigation  purposes.
Dehydrogenase, Urease and Alkaline
phosphatase activities were positively

correlated with most of the water quality
parameters which indicates that an increase
in the concentration of the chemical
properties of irrigation water will lead to a
significant increase in the activities of
Dehydrogenase, Urease and Alkaline
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Phosphatase. Meanwhile, Acid phosphatase
and Phosphotriesterase activities, WCIC
negatively correlated with most of the water
quality parameters which implies that an
increase in the concentrations of thc'\\’ﬂler
quality parameters will result in a sigmﬁcapt
decrease in the activities of Acid
Phosphatase ~ and ~ Phosphotricsterase
activities. Urease and Acid phosphatase
activities showed positive correlations with
most of the soil quality parameters while
Alkaline phosphatase, Dehydrogenase a_nd
Phosphotriesterase ~ showed nega“."e
correlations with most of the soil qual}t)’
parameters. Alkaline Phosphatase activity
was relatively low in the soils across
treatment locations as supported by
Nannipieri ez al., (2011). Soil reaction of the
entire area indicated that the soil in the
sampled area was suitable for soil microbial
enzymatic activities.

Kanfanin Kutare showed low to non-
detectible levels of heavy metal
contamination. The site showed excellent
organic carbon content as well as excellent
chemical and physical properties of soil,
plants and water, more than all other sites.
Based on heavy metal concentration, all the
water sources and soils of the treatment
locations showed low to non-detectible
concentrations of heavy metals. Whereas,
Gidan Mangoro, Morris and Ketaren Gwari
locations show high levels of Cadmium in
plants which exceeded the FAO (2015)
permissible limits of Cadmium in vegetables
at 0.Img/kg.

It is recommended that continued
monitoring of irrigation water quality should
always be conducted. As for the high saline
content of the water sampled in Ketaren
Gwari, adequate drainage is requisite. Once
good drainage is assured, the soil can be
irrigated with clean water. Also, salt tolerant
crops can be cultivated instead of the norm
Also, the irrigation water and soj| across
sites is low in heavy metal contents and
therefore, suitable for agriculture on the
basis; of heavy metal concentratiop. But
continued seasonal analysis of heavy metals
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Farm Owners should be sensitizeq -
appropriate amounts of Che_mlcals "
added into the soil per time such
fertilizers, ~pesticides, insecticigey .
fungicides, 50 as to preserve the hea]y,
soil and the end products of Cultvag,
Sensitization campaigns should g, g
carried out to educate the genera| Public ,
the dangers of polluting this water v ay
alternative measures of refuse and giie
dumping should be offered to them_
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