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ABSTRACT

To ensure economic utilization of the soil resources by the resource-poor Nigeria
farmers and also help in the government’s drive towards food sufficiency, it is
important to know the original concentration of micronutrients in the soils and
add only as much of the micronutrients as is beneficial to plants and foraging
animals. Two study sites (Geidam and Gujba local government areas) were
selected to represent the dominant agro-ecological zones in Yobe Sate. From
the results, Copper (Cu) was found to bein the medium category while Zinc (Zn)
was generally low in both zones. However, the soil contains Iron (Fe) and
Manganese (Mn) above the critical limits for crop production and categorized
as“ high” . Itis, therefore, suggested that supplementary application of Zinc (Zn)
will be required for sustainable arable crop production and application of
organic matter to improve the overall fertility of the soil as well as reduce the
possible development of phlinthic/petrophlinthic layers.
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INTRODUCTION
Fertility or what isalso called fruitfulnessisnot attributableto living beingsaone. Itisa so
attributableto such thingsasthe soil or earth. With regard to plant or anything that grows
inthesoil, thefertility of thesoil onwhichit growsdeterminesto fertility of the plant itself.
Hence, soil fertility isanimportant factor which determinesthe growth and productivity of
plants. It isdetermined by the presence or absence of macro or micronutrients. Iron (Fe),
Manganese(Mn), Copper (Cu) and Zinc (Zn) areessentia micronutrientsfor plant growth
(Rangd, 2003; Gao, Yan, Coa, Yang, Wang and Chen (2008). Although required in minute
quantities, however, micronutrients havethe same agronomicimportance asmacronutrients
and play vita rolesinthe growth of plants (Mortvedt, Cox, Shuman and Welch, 1991),
Nazif, Sgjidaand Saleem, 2006). M ost micronutrients are associated with the enzymatic
systemsof plants. For instance, Zinc (Zn) isknown to promote the formation of growth
hormones, starch and seed devel opment, Feisimportant in chlorophyll formation, Copper
(Cu) in photosynthesisand Manganese (M n) activatesanumber of important enzymes
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and isimportant in photosynthesisand metabolism (FFTC, 2001). Responsesof cropsto
added micronutrients have been reported by Pam (1990); Oyinlolaand Chude (2001,
2004), who obtain yield increase of over 100% above the control with optimum rate of
micronutrient application. Lombin (1983a, 1983b, 1985a) reved sthet therearemicronutrient
deficiency insomeNigerian savannasoils. Low levelsof availableZnand B and adequate
levelsof Cuand Mnwerereported (Enwezor, Udo, Ayotade, Adepetu and Chude, 1990).
Onagloba study, Sillanpd& s(1982) report showsgeneraly low to deficient levelsof B,
Cu, Mo and Zn and normal to excessivelevelsof Mninanumber of soilsfrom Nigeria.
I nformation on soil micronutrient status of northern Nigeriasavannasoilsisscanty. Thus,
severd researchesadvocatetheneed for ng themicronutrientsstatusof soils(1brahim,
Usman, Abubakar and Aminu, 2011; Mustapha, Voncir and Abdullahamid, 2011). Equdly,
asapre-requisteto the successful implementation of the scientific agricultura practice, the
eva uation of thenutrient statusof thesoils, including themicronutrientsbecomesnecessary.
Thiswill ensure amore economic utilization of the soil resources by the resource-poor
Nigeriafarmers (Mustapha, 2003) and help in the government’s drive towards food
sufficiency. Therefore, itisimportant to know theoriginal concentration of micronutrients
inthe soilsand add as much of themicronutrientsasisbeneficial to plantsand foraging
animals. Itisagaingt thisbackground that thisresearch isconducted.

MATERIALSAND METHOD

Thisstudy wasconductedin 2014 in Yobe Sate. Two study sites Geldam and Gujbalocal
government areaswere systematically selected to represent the dominant agro-ecological
zonesinthe State. Geidam in the northern part of the State represents Sahd savannaagro-
ecologica zone, while Gujba, located in the southern part of the State represents Sudan
savannaagro-ecological zone. Theclimateregimein Yobe Stateischaracterized by single
long dry season followed by ashorter wet season. Humidity islow throughout the dry
season. Potentia evapotranspiration exceedsrainfall except for few months.
Geologically, the Sahd zone consistsof quaternary deposits of the chad formation made
up of consolidated sand and clayswhilein the Sudan, it ismainly basement complex. The
soilsaregrouped on thebas sof parent materia sinto Aeolian deposits, lacustrine, dluvia
depositsand sedentary sandstone (Nwaka, 2012).

Vegetation inthe Sahdl isvery scanty cons sting of thorny bushesand small trees
which grow under dry condition. Thelargest treesare usually thorny acacias, baaniteand
adonsoniadigitata, whilethe Sudan isdominated by scrubby vegetationinterspaced with
tall trees. Ineachlocation, atotal of 26 composite sampleswere collected using augersat
two depthintervalsof 0-15cm and 15-30cm. At each depth, 5 sampleswere collected for
composit. The sampleswereair dried, ground using porcelain pestle and mortar and
passed through 2mm mesh Seve. Particles zedigtribution wasdetermined using hydrometer
method as outlined by Anderson and Ingram (1993). Soil pH was determined by
Potentiometric as described by Wendt (1996). Organic carbon was determined by
Walkely-Black method asoutlined by Andersonand Ingram, (1993). Exchangeable bases
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(Cadmium (Ca), Magnesium (Mg), Potassium (K) and Sodium (Na)) were extracted with
1IN Ammonium acetate (NH,OAC) (Anderson and Ingram, 1993); Caand Mg were
determined using atomi ¢ absorption spectrophotometer while K and Nawas determined
using flame photometer. Theextractablemicro nutrients: Zn, Cu, Feand Mnwereextracted
using 0.1M Hcl solution (Osiname, Schulteand Corey, 1973) and determined onanatomic
absorption spectrophotometer (Model 210) at appropriate wave length. Data obtained
weresubjected to andyssof variance (ANOVA) and meansthat weretdidicaly sgnificant
were separated using the Least Significant Difference(L.S.D.) asreported by Steel and
Torrie(1985).

RESULTSAND DISCUSSION

Theparticleszedigtributionsof the soilsare shown ontable 1. Theresultsindicatethat the
soilshaverdatively high sand withamean value of 662 g kg and amean clay content of
147 gkg? givingthesoils, agenerdly loamy sand to sand texture. Theresultsalsoindicate
that dl fractionsvaried sgnificantly (P < 0.05) between the zoneswith Sudan having higher
fractionin gt and clay, while Sahel having high proportion of sand. Thisisexpected and
further ascertained by Jonesand Wild (1975), who report that most savannasoilsare
sandy in naturewhichisassociated with low water holding capacity (WHC). Clay content
increaseswith soil depth (Table 1). Thismight beattributed to removal of thefraction by
surface run-off and aso by dluviation. Thisisacommon phenomenonin soil inthisagro-
ecology aswasa so reported by Voncir, Mustapha, Tenebe, Kumo and Kushwaha (2008).

Thesoil reaction (in H,0) ranged from pH 6.34 to 6.54 (mean=6.44) indicating
dightly acidicreaction (Table 2). Though generdly acidic, thepH vauevariessgnificantly
(P < 0.05) between zones and depth considered. The Sahel zoneismoreacidic thanthe
Sudan zone likewise, the surface (0-15 cm) pH wasfound to be more acidic than the
subsurface(15-30 cm). Thiscould be attributed to theremoval of basic cationsfromthe
surface of the soil to the lower depths (Mustaphaand L ocks, 2005; Voncir, Mustapha,
Tenebe, Kumo and Kushwaha, 2008; Kolo, Mustaphaand VVoncir, 2009) and or the use
of acid—forming fertilizer such asureafor agricultura purposes.

Table2 further showsthat the organic carbon content fell withinthe“low” category
(Esu,1991) of fertility classesfor Northern NigeriaSavannasoils, acrossthe zone; the
vauessignificantly (P< 0.05) ranged from 3.451t0 6.18 (mean = 4.82) g kg. Significant
(P<0.05) differenceswere a so observed across surface (0-15cm) and subsurface (15-
30 cm) in both zones;with mean value of 4.82 g kg organic carbon content. Thiswould
suggest that the soilswould be proneto leaching of nutrients. Similar low organic carbon
values have been reported by Yaro, Kparmwang, Raji and Chude (2006) for the Nigeria
savannasoils. Other reportsindicate low organic carbon content for soilsinthe northern
guineasavannazone of Nigeria(Mustaphaand Nnalee, 2007; Mustapha, Yerima, Voncir
and Ahmed, 2007). Thelow organic carbon contents of the soilsare characteristics of the
savannadue partly to rapid decomposition and mineralization of organic matter and to
poor management sometimes by burning of crop residuesby farmers(Lawal, Odofin,

Journal of Environmental Issues and Agriculture in Developing Countries, Volume 7, Number 1, April 2015 20
ISSN: 2141-2731



Adeboyeand Ezenwa, 2012). Greenland (1995) attributesdeclinein soil organic matter
content tointensification of agricultural activitiesthrough clearing and clean cultivation of
soilsfor annual cropping. Thus, thefarmerswithin the study areaneed to adopt cultural
practicesthat will encourage thereturn and incorporation of plant/crop residuesintothese
soilsinorder to beef up thesoil organic carbonlevel (Lawa, Odofin, Adeboyeand Ezenwa,
2012). Theexchangeablebases (Ca, Ma, K and Na) except Na, significantly (P < 0.05)
vary across zonesand depths (Table 3). The exchangeabl e basesin thisstudy are mostly
rated low and medium across Sahel and Sudan agro-ecol ogical zonerespectively regardless
of depth based on Esu’s(1991), critical limitsand micro nutrientsfertility ratings(Table5).
Thisreflectsthelow and medium CEC of the soil sacross Sehel and Sudan zonerespectively
and the depth considered. Thisconformswith thefindingsof Oyinyolaand Chude (2010)
inNorthern NigeriaSavanna.

Copper (Cu) status: The contentsof available Cu ranged from0.31—1.09 mgkg?, with
mean value of 0.70 mg kg'* in the studied zones (Table 5). Based on Esu’s(1991) micro
nutrientsfertility ratings (Table4), thevaluesfall inthe medium” categories. However
these values are above the values reported by Mustapha and Singh (2003) for soils
elsawherein Galambi, Bauchi State, Nigeriain smilar agro-ecology but smilar tovalues
(means=0.36 mg kg*) obtained by Biwe (2012) in astudy conducted in Gubi, Bauchi
State, Nigeria. Between the depths considered, Cu varied significantly (p < 0.05). The
upper surface (0-15 cm) in both zones contained more Cu than the lower (15-30 cm)
surfaceand both fall withinthe* medium” fertility rating (Esu, 1991) categories. Thus, it
could be predicted that the deficiency of Cuwill not occur inthese soilsinthe nearest
future. Lombin (1983a) reportsthat the contents of available Cu in soils of Northern
NigeriaSavannaare adequate and posesno fertility problem.

Zinc(Zn) status. Thecontentsof availableZninthezonessignificantly (p < 0.05) ranged
from 0.48t0 0.85 mg kg* withamean value of 0.67 mg kg*. Based on thecritical limits
of Esu (1991), all thesoilsfall inthe category of “low” Zn statusand would requireZn
fertilization for abetter crop production except few locationsin the Sudan zone (table 5).
Thevauesobtained inthisstudy areindeed similar to 0.58 mg kg (mean) obtained by
Mustapha, Mamman and Abdulhamid (2010) in astudy carried out in Gombe, Nigeria.
Zinc (Zn) distribution in surface (0-15cm) wassignificantly (P < 0.05) morethantheZn
contentin subsurface (15-30 cm) especidly inthe Sahd zone, fdlinginto*low” or “ medium”
fertility rating (Esu, 1991) category. AsZn decreaseswith depths, itsimplication hereis
that plantsmay not haveazZn “store” inthelower surface (15-30 cm). Similar decrease
with depth was al so observed by Singh and Shukla (1985) and Bassirani, Abolhassani
and Gaavi (2011). Thisa so conformsto thefindingsof Mustapha, Voncir and Abdullahamid
(20112) in soilsof Gombe, Nigeria

Iron (Fe) satus: Thisstudy reveal sthat Sudan agro-ecol ogical zonehad significantly (P
< 0.05) more Fethan Sahel zone. The available Feranged from 5.78 t0 16.52 mg kg*
with amean of 11.15 mg kg™ and it falls within the “high” category of Esu (1991)
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micronutrientsfertility rating. These values are bel ow the onesreported by Mustapha,
Mamman and Abdullahamid (2010) for soilselsewherein Gombe State (range = 18.40-
21.91 mgkg?; mean =19.96 mgkg?) but smilar to Mustapha, Voncir and Abdullahamid
(2011) for soilsinAkko Loca Government Areaof Gombe State (range=5.7t0 14.9mg
kg*; mean =10.80 mg kg?). Between the depths considered, Fe significantly (P< 0.05)
ranged from 7.47t04.05 mg kg™ in Sahel zoneto 19.99t0 13.18 mg kg™ in Sudan zone.
Thehigh Fecontentsin soil (abovethecritical limitsof 2.5 mgkg crop production) means
that the Fe deficiency isnot likely for crops grown on these soils. Thisisespecially so
when viewed against the backdrop of reports (Mengel and Geurtzen,1986) that Fe
deficiency isvery unlikely inacid soils; asit isknown to be solubleunder relatively acidic
and reducing conditions (Chestworth, 1991). However the presence of Fe in high
concentrationsin soilscould lead toitspreci pitation and accumul ation and upon complex
chemical reactionslead to theformation of Plinthite (Laterite). Thisupon alternatewetting
anddrying couldirreversibly form hardindurated materid (Petroplintiteor ironstone) which
could restrict root penetration and drainage. Thisobservationissimilar to that of Mustapha,
Mamman and Abdullahamid (2010).

Manganese (Mn) status. Mninthe studied soilsranged from 14.09 to 25.23 mg kg*
(mean =19.66 mg kg™) and significantly (P< 0.05) different, with Sudan agro-ecol ogical
zone having more Mn content than Sahel. Thesevauesarerated “high” accordingto Esu
(1991) fertility rating. Thisimpliesthat thesoilscontain sufficient Mnfor successful agriculture
intheareaasthey areabovethecritical limitsof 1- 4 mgkg?* (Sims and Johnson, 1991)
and 1-5mg kg* reported by Esu (1991). The values obtained are higher than the 7.89-
12.00 (means=9.10 mg kg') obtained by Mustapha (2003) for the resultsin Bauchi
State, Nigeria. The surface (0-15 cm) soilshave more Mn content than the sub surface
(15-30cm). Though not significantly different, thehigh Mn content may not beunconnected
totheacidic nature of the soils. Thesefigures suggest that Mn content of the soilsishigh
and cannot bealimiting factor to successful crop productioninthearea. Although, thehigh
contentsof Feand Mninthesoilsstudied could lead to theformation of complexeswhich
could lead to serious drainage and infiltration problems (Mustapha, Voncir and
Abdullahamid, 2011).

CONCLUDING REMARKS

Resultsobtained from thisstudy indicatethat the soilswere generaly sandy toloamy sand
intexture, dightly acidic and low in organic carbon with low to medium contents of
exchangeabl e bases and Cation Exchange Capacity (CEC). Cuwasfoundto beinthe
medium category whileZnwasgeneraly low in both zones. However, the soilscontained
Feand Mn abovethecritical limitsfor crop production and categorized as*high”. This
might beapotential environmental problem asthey may, upon complex reactions, resultin
theformation of plinthite/petroplinthiteleading to hard pan formation; restricting rooting
depth and causing infiltration and drainage problem in the soil. In view of the above
observations, it issuggested that supplementary application of Znwill berequired for
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sustai nable arabl e crop productionin the soils studied and application of organic matter to
improvetheoveral fertility of thesoil and to reducethe possible devel opment of plinthic/
petroplinthiclayers.

Table1: Particle Size distribution of Sudan and Sahel soils

Sand Siltgkg-1 Clay Texture
Agroecological zone
Sudan 513.36b 24047a 168.21a Loamy sand
Sahdl 8l1.17a 50.75b 126.58b Sand
Mean 662.27 14561 14740
S+ 21059 483.69 106.14
L ocation
BuniGari 540.24 230.28 22048 Sandy loam
Collegeof Agric N/site 57024 27028 15048 ¢ “
Kasatchiya 51524 300.28 17548
GujbaVillage 505.24 28528 19548
Kasatchiyawango 620.24 17028 20048
Collegeof Agric. Old site 55024 27028 17048
Horeyunwa 540.24 315.28 13548
Katarko 530.24 340.28 12048
GarinShuwa 61024 28028 10048
BuniYadi 615.24 185.28 19048
GarinKarekare 53524 21028 24548
Cattle Ranch 622.24 22828 14948
Garinltace 620.24 23928 13148 ¢
Guwalturam 87040 24.28 10504 Sandy
Lawa Bukarti 73040 4528 (0107 N
Tororo 80040 1956 18004
M obanti 78040 7556 14004
Kukawalndia 83040 3056 10504
Shaneneri 83040 5556 11004
Abbati 83040 5056 11504
KoriFadama 82540 5556 11504
KiriKasama 77040 80.56 14504
Kageri 79040 65.56 14004
GonariKukawa 82040 7056 10504
KirjinTilo 84540 5056 10004
Ydemai 87040 1056 11504
Mean 69149 15350 147.49
FEt 239 14.06 9.69
Depth (cm)
Sudan
0-15 53347 23151 15648 Loamy sand
1530 49324 24943 1% v o
Sahel
015 83271 3887 11312 Sandy
1530 789.63 6243 14004 ¢ o
Mean 737.26 14561 147.40
F+ 5331 26.83 3219

Source: Laboratory analysis, 2014
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Table 2: pH and Organic Carbon Distribution of the Sudan and Sahel Agro-Ecological zones

pH (H20) pHc Org.C.

(D (1:2.5) gkg-1
Agro-ecological zone
Sudan 6.34a 553b 6.18a
Sahdl 6.54a 5.78a 3.45b
Mean 644 5.66 482
S+ 644 0.63 6.95
Location
BunuGari 5.86 551 509
Collegeof Agric N/site 6.16 553 554
Kasatchiya 641 570 6.62
GujbaVillage 6.37 513 487
Kasatchiyawango 7.00 547 376
Collegeof Agric.Old Site 654 580 533
HoreYunwa 6.14 544 553
Katarko 6.79 6.05 6.08
GarinShuwa 6.12 534 757
BuniYadi 599 524 707
GarinKarekare 597 532 6.52
Cattle Ranch 6.15 530 9.89
Garinltache 702 6.00 6.59
Guwalturam 645 568 379
Lawa Bukarti 6.65 588 319
Tororo 6.70 6.02 324
M obanti 6.73 6.03 299
Kukawalndia 6.55 5.66 322
Shaneneri 6.60 571 395
Abbati 653 5.60 325
KoriFadama 6.90 6.15 295
KiriKasamma 6.38 5.66 255
Kageri 659 569 350
GonariKukawa 645 6.02 420
KirjinTilo 6.22 540 411
Ydemai 640 561 402
Mean 645 565 482
= 0.08 001 001
Depth (cm)
Sudan
015 6.54ab 5.70ab 7.26a
1530 6.15¢c 5.35b 511b
Sahdl
015 6.67a 59l1a 3.69¢c
1530 6.40b 5.56b 3.21c
Mean 644 563 482
= 043 040 198

Source: Laboratory analysis, 2014

Journal of Environmental Issues and Agriculture in Developing Countries, Volume 7, Number 1, April 2015
ISSN: 2141-2731



Table 3: Amount of Exchangeable Bases and CEC of the two Agro—ecological Zones

Agro-ecological zone

Sudan
Sahdl
Mean
=+

Location
Buni Gari

Collegeof Agric N/site

Kasatchiya
GujbaVillage
Kachiya Wango

Collegeof Agric. Old site

Hore Yunwa
Katarko

Garin Shuwa
Buni Yadi
GarinKarekare
Cattle Ranch
Garinltace
Guwalturam
Lawal Bukarti
Tororo

M obanti
Kukawalndia
Shaneneri
Abbati

Kori Fadama
Kiri Kasamma
Kalgeri

Gonari Kukawa
KirjinTilo
Yaemarin
Mean

=+

Depth (cm)
Sudan Zone
015

1530

Sahel zone
015

1530

Mean

=+

Source: Laboratory analysis, 2014

Ca

3.74a
1.20b
247
649

317
339
353
334
462
423
259
542
347
273
312
365
535
106
100
121
119
135
145
139
129
116
115
114
116
102
247
009

423
325

129
109
247
0.18

Mg

0.6%
1.00a
087
0.79

0.70
047
0.73
0.73
051
051
052
0%
068
0.66
049
0.96
109
116
105
100
090
103
0.99
107
192
092
0.99
108
089
102
085
004

0.72
066

117
082
085
004

K

Cmol (+) kg-1

0.20a
0.12b
0.16
022

014
025
0.19
020
022
020
0.15
025
017
0.18
014
022
035
009
on

0.10
o1
013
012
o1
014
014
012
o1
0.15
o1
0.16
002

024
017

013
0.10
0.16
001

Na

021
022
022
004

0.19
0.29
0.18
0.16
0.16
025
0.15
027
0.15
0.19
021
022
027
021
025
024
024
022
022
022
023
023
022
0.19
025
0.19
022
002

022
0.19

021
021
022
001

CeC

7.68a
340b
559
554

589
6.62
6.18
570
852
800
6.75
1230
746
6.10
6.72
877
1062
349
304
3%
367
870
380
348
365
380
299
296
290
259
572
105

875
6.59

355
323
260
040
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Table 4: Distribution of Micronutrientsin Location of the two Agro - ecological zones

Agro-ecological zones
Sudan

Sahdl

Mean

S=

Location

BuniGari

Collegeof Agric. /Nsite
Kasatchiya
GujbaVillage
Kasatchiyawango
Collegeof Agric./Osite
HoreYunwa
Katarko
GarinShuwa
BuniYadi
Garinkarekare
Cattle Ranch
Garinltache
Guwalturam

Lawa Bukarti
Tororo

M obanti
Kukawalndia
Shaneneri

Abbati
KoriFadama
KiriKasamma
Kageri
GonariKukawa
KirjinTilo

Ydemai

Mean

=

Depth (cm)
Sudan
015

1530
Sahdl

015

1530
Mean

5=

Source: Laboratory analysis, 2014

Cu

109
031
0.70
19

119
122
114
133
131
095
0.77
112
101
096
106
112
097
020
019
026
031
021
027
039
028
040
042
045
041
021
0.70
004

0.96a
122a

0.34c
0.28c
0.70
024

Zn
mgkg-1

0.48b
0.85a
067
092

052
041
033
033
033
053
063
067
049
059
053
049
050
0.75
105
097
090
082
080
0.72
055
0.79
102
090
082
093
067
003

0.58b
0.06b

1.03a
0.06b
066
038

Fe

16.52a
5.78b
1115
255

1524
1356
1715
1509
1366
17.38
1374
11.69
1945
2313
1553
2049
1949
429
474
539
577
406
552
270
6.26
6.63
7.60
800
520
9.00
1118
0.73

19.9%a
13.18b

747c
408
1173
6.80

25.23a
14.09b

1966
2830

2362
16.98
21

3097
1734
2134
2009
2105
2397
2413
2094
3313
30.28
1214
870

7.76

55.96
1015
12.16
930

11.03
1203
767

1374
1050
11.83
14.77
269

3119
1927

1230
1586
1966
121
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Table5: Critical limitsfor interpreting levels of analytical parameters/Fertility rating

Parameter Low Medium High
Ca* (cmol , kg*) <2 2-5 >5
Mg? (cmol ,, kg™ ) <03 03-1 >1
K*(cmol , kg*) <0.15 0.15-0.3 >0.3
Na* (cmol , kg*) <01 0.1-0.3 >03
Org.C(gkg?) <10 1015 >15
Cu (mgkg?) <02 0.2-20 >2
Zn (mgkg?) <08 0.81-20 >2
Fe (mgkg?h) <025 0.25-50 >5
Mn (mgkg?) <10 11-50 >5

Source: Esu(1991)
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