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Suitability of Termite Infested Soils in the Guinea Savanna :
Region of Nigeria for Arable Crop Production
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Abstract: Eftects ol iermite infestation results in highly moditicd soil profile and characteristic that could allce
soi tertiliy and crop production. This study therefore assessed the suitability ol termite-infested soils [or maize

(Ao mayvy 1), gainea corn (Sorghunt bicalor), millet (Pennisenam elauewm) and eassava (Meanihor esculent)

production. The study was conducted in Mokwa and Kontagora arca of Niger State. Nigeria., Soil profile

samples were analysed in the lauboratory tor physical and chemical paramcters. The soil and environmenial

charaeteristics gencrated were used for parametric suitability evaluations. 1t was observed that all the plots were
not suitable Tor maize production oxceept the non-infested at Kontagora that was margimally suitable. Al the

plats were marginally suitable for millet and puinea corn production with the exception of non-infested plats
that were potentially moderately suitable for millet production. Both Termite-infested and non infested plots
were manginally suitable (acual) and potentially moderately suitable for cassava production, Major conzlraints
were coarse sandy textare and low CEC lorall crops in addition to rainfall for cassava. Meacroternditine
migeriensis dominant in the area characteristically deplete soil organic matter that could form organic matter- ¢l

complex. improve soil strugture, enhance CEC, ability toadsorb and make plant nutrients available.
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INTRODUCTION ;

Land s a complex and dynamic concept that caries
the ccosvstem and itsell part of the ecosystem (Vink,
1975), comprising the entire clements of the physical
cuvironment of which soil is a major component and
include geology. landtorm. chimate, hyvdrology. fauna and
flora (Dent and Young. 1980 Land theretore, comprises
the entive clement of physical environment that influence
patential for use. which could be evaluated.

Various methods of land evaluation exist and it
mvelves  the rating of selected  land
characteristies relevant for a particalar use tvpe. The
determination ol suitability of a picce of land for a
specified  use involves the matching of land  use
requirement for a particular crop with the supply of
land.
characteristies required (o evaluate suitability of a pedon

the requirements by the Some ol the land
for a particular land utibization type include climate.

topography.  dramnage. soil physical propertics  and
fertiliey status. Within a particular arca or ecology that
enjoys sinlar chmatie condition. some extrancous factors
could introduce varnaton o the suitability class of

pedons,

qualities  and

Prominent in this regard is the inlluence of wermite
infestation whose activities w a large extent inllucnces
soil  formation. subsequently characteristics and  use
{Ekundayo and Aghatise. 1997: Ndiave er of.. 2003;
Jouguet er af. 2005: Obi. 2007). Vermite s widely
distributed over the world but with high concentration in
the savanna region (Lobry de Bruvn and Conacher. 1490;
Baba, 1993: Myles, 2002) as compared to carthworms in
the humid region (Lall T9SS: Lavelle er al. 19973 Tennites
modify the landscape of the savanna region 1w a lirog
extent  that  their
characteristies.  lertility
praductivity, They feed, build and repair their nest and

cellfects  manmifest  on the sl

status  and L Subsequently
galleries out of soil tabrics and organic material and
therefore influcncing soil fertility especially of the tropics
that depends 1o a large extent on organic matter,

This s importam i
NIGCriensis

more Macrarernntinea

deminated arcas. Viwcreternitiniea
migertensiy have been reported w feed on organic
materials  and  store fungus comb
(Lavelle er «f.. 2001 Mora ¢t af.. 2003 Jouguet ¢ ol
2005). hence depriving the soils of organie matter w which

it largely depend en for Fertility and virility, In soathern

same i the

guinea savanna of Nigeria, lermites remove 60" of
annual wood litter per year.
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It has been reported that these locations with high
termite  infestation is also agrarian therefore increasing
the problems of soil fertility and erop vield. Research has
shown that the major crops grown in this area comprises
mdize, puined com, cowped and millet grown by 82,00 75,3,
633 and 31.9% of the Farmers respectively (Obi er al.
2007, Additionally, cassava is not a major crop in the
arca, grown hy 219% (Ob eral., 2007), bul as it is paining
popularity among  Nigertan  farmers - beciiuse of s
mereased denand.

Uheretfore. the objective o this study s to assess the
suitabiliy of termite infested soil for maize. guinea cor.
milier, and cassava in the guinca savanna region of

Nigeria.
MATERIALS AND METHODS

Study site: Giant termite mounds are common features
of the rural landseape of Niger Swic. These mounds
are  particularly  numerous and cover Mokwa, Ghbako.
Bida. Agaic. Rontagora, Magama and Wushishi Leeal

A56

Government Areas of Niger State, Nigeria measuring
about 51.756.96 k", It is located berween latitudes 8° 340N
and 1N and tengitudes 47 30°1 and 6% 3000 (Fig. 4,
The soils of the arca are dominantly Allisols (LS ).
Linisol (FAQ:UNESCO) and Kullo series (Moss. 1957
The. environmental conditions ol the study area include
precipitation (1175 mm vear ‘). temperature (28 O,
sunshine period (3.8 b in August o 8°h in November).
wind veloeity (b4 kmday " in Janvary to 133 kmday
April) and evapotranspiration {about 2149 mm). Lhe swil
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moisture regime is ustic and sotl temperatire regime s
hyperthermie. The area falls within the Southerm Guimea
savanna region covercd with cither wooded bush kind or
wooded grasshand. The study arca is on a relatively flat
terrain with slope of less than 4%, Parent material is Nupe
sandstone. The soil wexture class ol B-horizon ol ithe
pedons is dominantly sandy Toam. with clay that ranged
between 102 and 182¢ ke

Soil sampling and analysis: Mokwa in the south and
Kontagora in the northern part of the  inlestation zone
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Fig. 1: Location map showing infestation area and study sites
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Fatle 1. Land characteristies and quabines of the tenmite mfested and non-mlested soils ol Mok wa and Kontagora for suitabality vating

Muokwa

Fermite intested

=y

]

Konlagora

5

Nonsntested Temute miested Non: trfested

Land guahities MBS S L RS . SR L Bl
Climate ()
Amnual ramfall (mim) 1175 1173 LITS 11735 TL73 173
Length ot growing season (months) 5 5 3 3 5 >
Mean Femp, (°0) ' 2N 23 8 28 28 25
Length of dry season (months) i 7 7 7 ! v
Topography (1)
Slaope (Pa) 7 2, 2 g 2 7
Wetness (W) i<
Diraunage gonnd powd ol pround o fonnd
Suil Physweal Properties
* Fexture Structure (U 13 em) s s s [l s [
Volume of coarse fragnients (5 none none none: nane none nope
Soul depth g 2200 ~ 200 200 =200 00 =00 -
Soil termliy ()
CEC (emol ke elay) 8.07 622 3.53 531 298 wl
Base satuation (") 3388 93.57 i2.30 54.92 TRl 69,010
Orgganeg matier (a1 0 18 W LN B Al - 0.60 03 il
*US = Coarse samd
Fable 2 Swtablity evaluation of the termite infested and non-infested soils of Mokwa and Kontagora for L :
Tope Suil physical properties (s) Sail fertilny (1)

Chmate (o) Lengthot  graphy () Wetness () e e e -

Lrowing e Coarse Base
Ramfadl  Temperature season - Slope e Tesure fragment  Swibdepth | CEC suturation . M ST fehiss
Kontagora .
Termite infested (Plor 1) .
Tun 100 100 100 100 40 100 1o O} 1o O L INSS
1%} 100 oo 100 106 40 100 160 oh I¥I¢] R 2heNsanp
Teruute infested (Plot 2) 2
1on 10 e LU0 100 40 100 100 ol HET (0 Ld NS
(L3 100 1 10] 100 1 J0 i) fo) 0l 1o L TANSp
Non-infested (Plat 3) =
o 1on 16 100 1oy -0 100 100 85 Fau bRy R BRI FINY
10 111 100 100 100 - 100 100 i o e SN
Mokwa
Vermite infested (Plot 1)
100 100 1) 100 100 40 oo Lo hR 1) o QNS
1431 1) 1ot 100 oo Rl oo 1o hid 1y 100 IS P
Termite infested (Plot 2
T 1o 100 100} B (4171 A} 100 100 60 T Ol FLHINSS I a
1o H}J}i 160 [y 100 -in 100 HX) (114} Lt 10y 2NN p
Non inlested (Plot 3) 2 <
10 LT 1o 100G 10 4 ({0]¢] g 104 N FhaNSs
LS - LT T S| IO ), _ : uy H NSty p
SET = smtabaliny idex. aand poactual and potential smatabahy respectively when characteristic s wind £ were linmine amd iy mat be eastly corsecteil,

Swiabihiy mdey class ranng, 7> 1000 ST il hghly sutable), 30 74
ware chosen for the study (Fig. 1), Ineach location, three
(100~ 100 m) plots were selected for study. Two plots had
termite mounds while the thivd had neither sign of present
nor previous occurrence of mounds, The entire plots
studicd had been under similar land use but presently
cropped to maize and relay cropped with cowpea. None of
the plots had been cropped for more than 3 years.

Six representative profile pits were established at the

rate of one per plot Seil morphological and  site

82 (Moderely sutable, 25 49

characieristics were deseribed using FAO euidelines”

(FAQ. 2000a). Seil samples were collected aceording to

42()

.,“

NN (Non Suntalides

N3 (Manally sutable,

gunetic horizons. All samples were bageed and labelad,
Soil samples were air-dried. partialiy pround and made o
pass through 2 mm sieve. The pedons were clussitiod
using Soil Survey Stalf (20001 FAO (2006h) and Moss
(1957).

Laboratory analysis: The soil samples were processed
and analysed in the laboratory for plivsical and chemical
propertics. Particle size analysis was performed osing
mcthod  (Dav,  1933)
Exchangeable bases were extracted with Mehlick No. 3

Bouyoucous  hydrometer
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Vable & Suttatlity e aluation of the temuite mfested and non-nfested soils of Mokwa and Kontagora for millel (Pennisetum glawcnmy v

Topo Seul physical properties (s) Suil femduy af)
Cliniate i) Lenpthvol graphy (B Witness (), sl e h

. SIOAWIL pmmmiam i Coarse Base

Ramtall - lemperaune season __ Slope  Dromage  Tetue frapment  Soil depth  CEC  _sawration  OM 51 (el
hontagora
Fermite infested (I'lot 1)
s Y3 s 100 83 60 1360 100 95 100 N3 IN(Siedstia
1o 93 1 o 10w (V] 100 HIY) 25 114 10 SHISIp
Termite inlested (Flot 2)
s 93 s ) RS ol 100 1o us 10 Ry C 3NN
100 93’ 100 100 106 [t 100 100 us 1on Y] SN
Naninfested (Plot 3) ; 3
O us Y3 100 85 (] 100 100 vs 100 U S
108 u3 100 100 100 ou 10 100 <l 100 100 SIS TS
Mohwa 3 !

Fermite infested (Plat 1)

s us Ya 0w 85 at 100 100 us F0) %> 3368 ety
100 9> ] 100 100 Gy 1o 100 v3 100 100 S p
Vermite infested (Plot 2) .

4s + Y3 vs 100 hil 6U 100 100 KA 1) 85 AN st g
100 U 100 o 100 00 100 140 us fun o ShaSIabip
Noninfested (Plot 3)

Y~ Uy us 100 N3 ol 100 10 W 1on L S Sedstia
100 U . L 1R (1 1] “_________(_15;_“',_”' R e LT 100 SHSXhp
S swalnbiny mdex. a - actual suabality when either char. e d s and were linuting, p = potential sml.nlnlu\.' when curactensiic ¢ and d wos

contected with irrganon, \ml.xlnhl\ tdex class ratig, 73 100 = S tlln.hl\ swtable). 50-74 = 82 (Moderately suttable, 23 49 S3 (Marnadhy saitable),

0

23 NS (Non Suitable)

Lable 1 Sutalubnycevaluation of the termite mifested and non infested soils of Mokwa and Kontagora for gumes com (sorsdiu big ofer)

lapa _Suil physteal properties (s) Soil ternluty (1) .

Clmate (e1 Lengthof  graphy (- Wetness (= oo oo v e o

sSrow ing ks e Coarse Base
Ramtali  lempaatiie season Slope  Damage  lesture  fragment  Soildepth CLC 7 samahon OM L T R
Kantagora
Terwite infested (PMlot 1)
160 i 100 100 NS ] 100 100 e I Ui 39 SRdat
10 s 1ou 1] 83 (] 100 100 Sa 1 L S s p
Fermite intested (Plot 1)
R on o 100 hiu ol Jon 1oy b 1t us AL RN
1 LAl Lo 100 835 ot 100 100 N> 1o it HNAd
Noncintested (Plot 3) .
Tan Ml 10 100 NS 6l 100 1t b o0 N2 AN aNAdst g
1o« o us 10 Lop b o) 100 100 8 1o T HoaNadnp
Muohwa
Levmite infested (Elut 1) 4 {
i) N (XU 100 hi {14] 100 1o 83 o0 s e T
o us 100 100 85 o o) 100 as 160 1 HLiS st p 5
Termite infested (Plot 2) 4 . %
10 95 100 100 85 60 100 100 88 TN WS B
Iy s 100 1060 b ou {¢] {¥H] hh] HH) oo S Edsn P
Nun-infested (Plot 3) 3 i
o v 100 ol 100 10y 83 100 104} st
10 Sl i ol 100 W8S 100 A S U
S |luh|\ amin.  and e actual amd potential suttability when characterishic ¢, d. s and § was Tmmtmg .md wuld nt iw correetad, Sutabaliny indey g
chiss rating, 7> 100 < ST (Highly sitable), 30 724 = 82 l.\h\;lcr;ncl_\- switable). 23 49 = 83 (Margmaily suttabler, =25 - NS (No Suitabe ) "\-
extrcuon (Mehhick, 1984), K .tml Nu content were read by “wet™ oxidation in acidilied dichromaie {Nelsan d
with the aud of lame emission -.pulrnst.npv while Ca’ Sommers, 1982). CEC was determined as deseribed m

Mg and micronutrients were read with the aid of .’\lUIIlIC Anderson and Ingram (1993).
Absorption: Spectroscopy (AAS). Exchangeable acidity

wits - entracted with un-buffered  potassium  chloride Lund suitability assessment: [and cvaluation s the
solution and titration with 0.01 M-solution of sodium process ol estimating the potential of Land or altcmais ¢
hyvdronide 1o the first permanent pink cndpoint (Anderson uses. It involves  the  rating  of  sclected
and Ingram, 1993 Towl organic carbon was determined qualities. characteristies relevant tor o particalar land ase
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Fable 5. Sunabibity evalug s ol the termite mfested and non-mfested soils oF Mokwa and Kontasor lor cassavay L Mandtor exulontay

Topo Suil physical properties (s) Sl tertility (£
Climate (¢ Lengthof graphy () Welness () oo L
i = ArOWIIE B e Coarse Base ;
Ramfall  lemperaare  season  Slope Dramage  Texture fagiment  Soil depth. CEC saturation.  ON 81T telissg
Kuontazora 5
Fermite infested (Plot 1)
us5 4> Hh 100 106G Gl) 100 100 us 1o 83 28 AS3esh
1) 95 100 100 MY 60 100 100 43 100 H04] S22y p
Termite infested (Plot 1)
93 95 o 100 100 o0 100 10u 95 100 iy RES SR G
HK) 93 1 1o 100 0l 100 100 83 160 100 2SI p
Non-infested (Plot 3) il
95 Ys O 190 100 60) 100 100 95 106 N3 28483esa
0o ys 1040 106) 1o ¢ 14] Tue {141%] Y5 1o {L§16] MUSN
Muohwa = 2
Termite infested (Plut 1)
5 us Hid Lo 1Ex} [ 1] L) e 1041 ha MRS
[ LET) - 95 R 2 1 0 oy 1) 1 Y3 () 1o SHSIp
Fevmite infested (Mt 2)
s 93 0l 100 10 {10] 106 100 Y3 1on 83 RSt a
it 0x A 100 100 6l 100 100 us it 1oy YIS p
Numinfested (Plot 3)
U 5 (] 100 100 60 100 10 93 10w LR B NS
g 9a 1o B L N 1 &\ o 100 5 W eSS p

i mn.lhlhl\ lluk\ i
Suitabrhty indes elass rating. 75100 -

type (LUT). The detenmination of the suitability of a picce
af land for a specified use involves the matching of land
use requirement with the supply of these requiretnents by
the land (Bennema ef al, 1981), Land stitability
evaluation was dene as deseribed by Oluwatosin and
Ogunkunle (19492).

o

Application of rating: The Land Characteristics (1.C) for

each plot shown in Table | were matehed with Land Use
Requirements (LUR) for cassava. maize, millet and suinea
corn (Table 2-5,
- Suitability

respectively) derived  from rating,

class was derived  from  matching using
parametric approach (Sys, 1985),
Land mdicds were calculated before converting them

to suitabiliny classes using the cquation:

A n
IS5 AL e ks
100 100 100

Where.

IS -~ Index of suntability.

A < Index of the most limiting characteristic,
B Index ol topography.”

¢ Index of moisture availability,

n Index af nth characieristics.

The Index of Suitability (I8) was then converted to
suitability class using Sys (1983) Conversion table:

" physical

el mll.lhllll\ when characlerstic © was hmitmg. p = potential suttabiliy w hu: characteristic ¢ was corrected with nrion,
S1(dighly suitable), 30-74 = 52 tModerately smtable), 2509 = 53 {Marzmally switable), <23 - NS Nan Suitabie)

Index 75-100 = S1 (Highly suitable)
Index 50-75 == 82 (Moderately suitable)
Index 25-50 = S3 (Marginally suitable)
Index <25 = NS (Non Suitable)

RESULTS AND DISCUSSION

Suitability of the study  area Was assesaad
parametrically for cassava. matze. millet and guinea com
production. The suitability assessment consicdered both
actual (present status) and potential suitability of the soil.
Potential suitability looks at possible wavs of amelioration
especially i the present suitabilite rating was low. [he
parametric assessment of Laind suitabiliny for crop.,
production considers hath environmental Factors and soil
characteristics utilizing climate, topography. dramage. soil
properties and soil  Tertility s

evaluation (Sys, 1985; Oluwatosin and Ogunkunle,

Lactors ol
19923

‘Lhe soil analytical and climatic parameters wore used
to assess the suitability of the termite infested and non-
mfeet plots for maize. millet. guinea corn and cassava
production through comparison with. Lind wilization
ratings. The suitability ratings of the plots were as shown
in Table 2-5. It was observed that alf the plots were not
currently suitable for
non-infested at Kontagora that was marginally suitahle
(Table 2). All the plots were marginally vitable (53} for
millet and guinea corn production with the exeeption of

maize  production exeept the

non-infested  plots that were  potentially moderately



sutlable (82) for millet production (Table 3 and 4). The
results also showed that both termite-mfested and non
miested plots of the study area were marginally (83)
suitable for cassavin production actual) and potentially
maderately suitable (82) for cassava production (Table 5).
showed  that termite  infestation may  have
significant etfect on the suitability of soils of the study
area for crop production as moderately suitable class was

1 hese

recorded only on non-infested plots while the termite
mlested plots all into lower classes of either non suitable
ar mareimally suitable.

Fhe major Timitations that commonly alfect the
sttabiliy o the plots were soil physical properties, which
was as a result of dominantly coarse sandy lexture of the
soils. Another major constraint was the poor nutrient
retention capacity ol the soils that manifested in poor CEC
of the soils, These constraints may be difficult to
ameliorate, hence some of the seils had potential and
actual suitability ratings 1o be the same or close to cach
ather. Howas only in cassava that climatic factor (duration

ol dry season) constituted o major constraint apart from

texture, The low CEC could have been partly as a result of

removal of organie matter. which is normally stored away
as either body protoplasm, fungus comb or in mound
construction and repairs, depriving the soil of the organic
matter that would have enhanced the CECL structure and
fertility status of the soil.

Companng the infested with non-tnfested plots, it
was observed that the potensial suitability of the non-
mivsted was improved w0 moderately  suitable  trom
the
ctnfestation could e a Fictor coupled with the faet that it

marginally suitable. This was an indication that

was due o the fow organte matter status ol the infested
sl This s ais a result of removal of organic matter [rom
the soil fertility dynamies (Lavelle or el 2001 Mora of of ..
2003 Jowquet of af., 2002) This was because the arnic
mater content ol the non-infested was higher than the
observed in the infested plots, but alse up 1o the critical
level required for optimal crop production in savanna
region (FAQL 19761 This corresponds with the reports
that Macratcrmutinae migeriensis deplete soil Qrmnic
matter that has been shown to be able (o form organic
matier-clay complex with inereased CEC and ability
adsorh and make plant nutrients available. Potential
suitability of the plots was Tound to be moderately
suitable for cassava production in the non-infested, If the
shontfall in moisture (water) supply from the rains will be
supplicd  through  frrivation and the organic  matler

sttuation amproved  with the supply  of manure or

organomineral fertdizer., then the soil could be marginally

swtable  for  cassiva praduction. Manuie  and

erganomneral fertilizer does not only improve  the

L60
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chemical fertility status of the soil but also raises the Clot
and the
water holding capacity of the soil. “The major lmitaton

improves soil structure, nliliration rine and
that may not be easily improved in the soils 1s the exture
that is dominantly  sandy.
imagimed that the activities ol termites could include
the destruction of cassava cullings as a4 fuctor in the

Generally it could he

reduction in productivity of cassava but Umeh er of
(1999 reporied that adoption of proper cleaning of the

farm reduces destruction as i result of the activities of

termites as farms litered with tarm waste hag higher -

incidence ol termite attack compared with those in which
cultural practices ensured proper disposal of wasie
Additionally utilization of vetivar grass in farms could
help 1in keeping termites away and in organic matie
build up.
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