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Suitability assessment of land resources for cassava (Manihot esculentus L.) and
yam (Dioscorea spp L.) cultivation in Khana LGA, Rivers State, Southern Nigeria

PETER, K.D.!, UMWENI, A.S.? and BAKARE, A.O.}

'Department of Crop/Soil Science, Faculty of Agriculture, Rivers State University, PM.B. 5080, Port
Harcourt, Rivers State, Nigeria,*®Department of Soil Science and Land Resource Management, Faculty
of Agriculture, University of Benin, Benin City, Edo State

ABSTRACT: This study was conducted in Khana Local Government Area of Rivers State, Southern Nigeria to investigate
the suitability of agricultural land resources at semi detailed soil survey level using the nonparametric approach. Eight soil
mapping units were established and suitable guidelines specific for each pedons were followed in establishing the suitability of
the land for cassava and yam cultivation. The data from the eight pedons covering 49,631.54 hectares area were used for the
assessment. The results showed that 40,681.54 hectares representing 81.97%of the total land in Khana LGA were moderately
suitable (S2) for cassava production; while 8,950 hectares representing 18.04 % of the total land area were also marginally
suitable (S3) for cassava production. An area of 30,582 hectares representing 61.82% were moderately (S2) suitable for yam
production and 4,750 hectares representing 8.57 % were marginally suitable (S3); while 12,450 hectares representing 25.08%
were currently not suitable (N) for yam production. Furthermore, the study showed that cassava and yam can adapt to similar
environment in terms of climate, soil physical characteristics and fertility. Thus, land suitability map produced from this study

would guide the choice of site to increase and sustain cassava and yam production in Khana.

Key words: Cassava and yam cultivation, land resources, Khana, suitability assessment, rivers State

Suitability assessment of land resources for the
cultivation of certain community crops is a key to
sustainable crop production visa'vis land use
planning and policy making for agricultural crop
production (Peter and Umweni, 2020a). Suitability
assessment of land resource studies are aimed at
categorizing better and poor qualities of agricultural
land and suggest the best management practice to
ameliorate some of the inherent land quality features
as well as sustaining the better land qualities (Peter
et al., 2019). This study aimed at increasing the
production of cassava and yam in the region to
enhance national food security, rural empowerment
and standard of living. Cassava and yam are some
of the arable crops produced by small farmers in
Khana Local Government Area for decades (Peter
et al., 2019). These crops are important for both
human as food, animal feed and raw materials for
industries. According to Raji (2016), cassava play a
very vital role as cash crop earner for growers and
low food cost for both urban and rural dwellers as
well as house hold food security and it is cultivated
in all parts of Nigeria where rainfall is above

1000mm per annum, and cassava account for 70%
of total tuber crops cultivated in Africa. Yam is a
staple food crop of Nigeria which grows mainly on
well drained soils (Peter and Aaron, 2019). Yam is
mainly used for human food either boiled, roasted,
baked, fried, pounded or in so many processed forms
(Raji, 2016). Cassava and yam peels are also used
to feed livestock such as goat, sheep, cattle and pig
and also as organic source of fertilizers (Peter and
Onweremadu, 2015). Irrespective of the economic
contribution of these two community crops in Khana
and huge production and the distributions of cassava
and yam in neighbouring local governments and
state, suitability assessment studies of the land
resources in the area have not been conducted (Peter
et al., 2019). Thus, this study is intended to fill the
gap in information in Khana Local Government Area
of Rivers State for sustainable cassava and yam
production. This will enable cassava and yam
farmers in the area to make adequate land use
initiative to improve and maintain high yields of their
crops on sustainable basis and improve their standard
of living.
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MATERIALS AND METHODS

Study area

Khana local government is one of the four local
governments that made up of Ogoni kingdom. It lies
between 4.67172N and longitude 7.34398E (Peter
and Umweni,2020). It covers 49,631.54 hectares of
land located in the southern part of Nigeria. The area
experiences early rain from February to December
with little dry season from December to late February
with a distribution that ranged between 2000 -
2500mm/annum in a bimodal form with two peaks
in June and September and a period of low
precipitation popularly known as August break
(Oyegun and Olosunorisa, 2002, and Raji, 2016).
Mean temperature of the area varies annually and
seasonally between 25 and 28°C; and relative
humidity also varies between 81-87% depending on
the season of the year (Ayolagha and Peter, 2013,
Peter and Anthony, 2017 and Peter and Umweni,
2020). The vegetation of Khana is the tropical
rainforest dominated by tropical forest trees species
such as Delinox regia, Chrotariaexelsa, Mahogany,
Iroko, Ciebapetandra among others and some area
are devoted to secondary vegetation and fallow with
grasses such as Guinea grass (Panicum maximum)
and Elephant grass (Penisetum purpureum) (Peter
and Umweni, 2020). Anthropogenic activities such
deforestation, crude oil pollution, bush burning and
continuous croppinghave altered the natural
vegetation in the area (Peter et al., 2019). The major
type of land use in the area, is the small-scale
agriculture with community grown crops like
cassava, yam, maize fluted pumpkin, cocoyam, okro
etc. According to Peter and Umweni, (2020), four
soil orders, largely Inceptisols/Cambisols, Entisols/
Arenosols, Ultisols/Acrisols and Alfisol/Lixisol are
commonly identified in Khana. The soils are well
drained coastal plain sand underlying alluviumof
marine deltaic deposits commonly called Ogoni
sands (Esu, 2010, Peter and Ayolagha, 2013, Peter
and Onweremadu 2015, Peter and Anthony, 2017
and Peter and Umweni, 2020).

Field studies
A semi detailed soil survey was carried out on the
49.631.54 hectares of land in Khana. The entire land
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area of Khana LGA was gridded using 1000 m x
500 m grid (50ha per auger boring points) at semi
detailed level of soil survey. A total of nine hundred
and nine three (993) auger sampling points were
identified. Eight mapping units were also identified
and delineated at semi detailed level. One soil profile
pit each of 2mx 2m x 2m was examined in each of
the mapping unit and was described using FAO
guidelines (1990)

Laboratory studies

Soil samples collected from each pedon was air-dried
and crushed to pass through a 2mm sieve and
analysis was carried out using standard laboratory
procedures in the Soil Science Laboratory, Federal
University Technology, Owerri, Imo State. Particle
size analysis was determined by the hydrometer
method (Juo,1979). Soil textural classes were
determined using textural triangle (Soil Survey Staff,
2003). Bulk density was determined by core method
as described by Blake and Hartge (1986). Soil
Reaction (pH) was determined in H,O and I N KCI
solution. Organic carbon was determined by
dichromate wet oxidation method of Walkey and
Black (1934) as described in methods of soil analysis
(Juo, 1979). Available Phosphorus (P) was
determined by Bray and Kurtz No 2 (1945) method
as described by Juo (1979) and Loganathan et al.
(1984). Total nitrogen was determined by the Macro
Kjedahl digestion method as described by Juo (1979)
and Loganathan et al. (1984). Basic cations (Ca, Mg,

NIGERIA

er

LA’ G
C———
1uUB &k ® R r Sludv Area
1

Fig. 1: Map of Khana Local Government Area (Project Site)
Sources: Government of Rivers State, Office of Surveyor
General (2014)
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Table 1: Land requirements for the cultivation of Cassava (Manihot sp. L.) production

Land use requirement

S

S2 S s N N

1 2 3 1 2

Climate (c¢)

Annual rainfall (mm) 1400-1800 1000-1400 750-600 600-500  550-500 <500

1800-2400 >2400

Length of growing season 3-4 4-5 5-6

(months) 1-3 <1

Mean temperature (°C) 26-20 26-30 >30 16-14 14-12 <12

20-18 18-16

Topography (t)

Slope (%) 0-4 4-8 8-16 16-30 30-50 >50

Wetness (W)

Drainage Good Good moderate Somewhat Poor Poor,
poorly drainage very poor,
drained not drainable

Soil physical characteristics (s) L,SCL SC,SiCi1,SiCL, Cs, Lfs, LS, Cs,S,CS SC,Cm Cm,Si

Texture CL, SCL, SC LSC Fs

Soil depth (cm) >125 >100 >75 >55 >50 >50

Fertility (f)

CEC (cmol/kg) >16 Any <10 <10 <5 <5

Base saturation (%) 35 35-20 20-15 15-10 <10 <10

Organic matter (g/kg O.C0O-15cm >15 8-15 <8 <5 <3 <2

Symbols used for soil texture and structure are defined as follows; Sc: structure clay, Cm: massive clay, SiCi: Silty clay, SiCL:
Silty clay loam, CL: Clay loam, Si: silt, SIL: Silty loam, SC: sandy clay, L: loam, SCL: sandy clay loam, Lfs: loamy fine sand, LS:
loam sand, LSC: loamy coarse sand, Fs: fine sand, S: sand, CS: coarse sand. Source: Senjobi and Ogunkunle, (2010).

Table 2: Land requirements for the Cultivation of Yam (Dioscorea sp. L.)

Land requirement/
Land characteristics

Land Suitability Class (s)

S1 S2 S3 N1
Climate (c¢)
Annual rainfall (mm) >2000 1300 - 1999 1000 - 1299 600 — 500
Moisture Availability (m) >5 4 3 <3
Length of growing season (Days >200 130 —200 100 - 150 <100
Mean temperature (°C) 21-28 25-30 30-35 >35
Topography (t)
Slope (%) 0-4 4-8 8- 16 16 - 30
Wetness (W)
Flood hazard FO F1 F2 >F2
Drainage Well drained Moderate Moderate Poorly drain
Soil physical characteristics (s)
Texture (surface) LS, SCL SC, SiC&SiCL Cs, Lfs, LS, LSC & Fs Cs, S & CS

Soil depth (cm)

Fertility (f)

Total N g/kg™!

pH (H,0)

ECEC (cmol/kg

Base saturation (%)
Exchangeable K (cmol/kg
Organic matter (g/kg O.C

Deep (>200)

>1.5
>5-6.5
>12
>60
>2.0
>15

>100 >75 >55
<12 0.6 <0.6
45-5 4. 44 <40
Any 8-5 <5
>40 — 60 20 -39 <20
1.5 1.0 <1.0
8- 15 <8 <5

Symbols used for soil texture and structure are defined as follows; Sc: structure clay, Cm: massive clay, SiCi: Silty clay, blocky
clay, SiCL: Silty clay loam, CL: Clay loam, Si: silt, SIL: Silty loam, SC: sandy clay, L: loam, SCL: sandy clay loam, Lfs: loamy
fine sand, LS: loam sand, LSC: loamy coarse sand, Fs: fine sand, S: sand, CS: coarse sand. Source: Eze (2014) Modified from

Syeet al. (1985)
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K and Na) were determined by extracting soil with
neutral ammonium acetate (I M NH,OAc) buffered
at pH 7.0. Exchangeable cations: Ca, Mg, K and Na
were leached from the soil with NH,OAc solution.
Sodium and K were determined with a flame
photometry. Soil CEC was determined as the sum
of total exchangeable bases plus exchangeable
acidity. Base Saturation was calculated using total
exchangeable bases divided by CEC and multiplies
by 100.

Land suitability evaluation

The suitability of soils was assessed for cassava and
yam using non-parametric method of land suitability
evaluation system (FAO, 1976). Each pedon was
placed in their respective suitability classes by
matching them with the already established land
qualities requirements for the two crops of interest.
According to Peter et al. (2019) and Peter and
Umweni, (2020), the potentials and limitations were
identified in Khana for the cultivation of cassava
and yam using five land qualities/characteristics
(climate, topography, wetness, soil physical
properties and soil fertility) for determining the
suitability of the soils. This was done using Senjobi
and Ogunkunle, (2010) suitability guidelines for
cassava and using Eze (2014) modified from Sys
(1985) suitability guidelines for yam. Land
suitability classes were obtained by matching some
of the land qualities with the land use requirements
for the two crops of interest produced in the study
area. Aggregate suitability classes of each pedon for
both cassava and yam, were obtained in line with
the law of minimum which states that “performance

LINITATION SAZE (ha)
Moderstely sutable |52) class for 10.800ha’
Eannaun cultevion with limitation i (21.55%)

' i viimate grurdall, grewsng  senson,
s . TompurD  wotmess (DAY,
(L] tentures) sl physacal charnctonstics
= lwtur) and ferhiny (Low  CEC,
82 e £ arboni
{&.n i = pery Modorstoly sistnblo {52) slnss for 29.98Fhat
a2 COABY CUltvATion wATh RALtIons 60,47 )
(St chmate o, qrewsng  senson,
wmperstineh,  sed  physienl
83 chamcterbios (ol fertility
= [ {Low CEC, ermiic carisan)

Marginally sainble (83) claas fer TTO0N
EASAI SULVILON WIT IMAons i 115,52
climaie  frindall, grewng  season,
T WeTSS (rEnnge) S
whyrnical charsstensticsl (sl depth,

Marginaily suitable (33) class fer 1250ha

| cossovn cultation with miation i (Z.53%)
tertility flow organic carbon|

Fig. 2. Land Suitability Map for Cassava in Khana LGA
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is always determined by the least favourable
characteristic or plant nutrients in the lowest supply”
(FAO, 1984). Land suitability classifications of the
selected community crops were expressed in relevant
land suitability maps.

Data Analysis

Spearman rho ranking correlations were used to
compare the effective guidelines for the different
crops

RESULTS AND DISCUSSION

Land suitability classification for cassava

The results of land suitability classes of the various
pedons in the study area for cassava cultivation
showed that Pedons 1 and 5 were moderately suitable
(S2) for cassava cultivation with reasonable defects
in climate, wetness and fertility (Table 3). This
contradicts the finding of Raji (2016) who reported
that the soils of Kwara were marginally suitable for
cassava cultivation due to limitations in soil physical
properties and fertility. The total land coverage for
both pedons (1 and 5) is 10,700 hectares, that is,
21.55% of the study area. Pedons 2, 3, 6, and 7 were
also moderately suitable (S2) for cassava cultivation
with moderate constraints in climate and soil fertility.
These four pedons covered a land area of 29,982
hectares and represented 60.41% of the total study
area. Pedon 4 was marginally suitable (S3) for
cassava cultivation with major defects in soil wetness
and Pedon 4 covered an area of 7700 hectares
representing 15.52 % of the study area. Pedon 8 was
marginally suitable (S3) for cassava cultivation with

SCALE:-1: 50,000

Fig. 3 Land Suitability Map for yam in Khana LGA
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all soils

major limitations in soil fertility.
This is in tandem with the report of
Raji (2016), and these soils would
become moderately suitable, if the
fertility problems were addressed
through fertilizer applications.
Marginal suitability (S3) of pedon 8
for cassava cultivation due to defects
in fertility was also in line with the
findings of Kintche et al.(2017), who
reported that most cassava yield loss
to farmers was mainly as a result of
poor soil fertility leading to poor
growth and development. This is
also in tandem with the observations
of Ande (2011) who reported that
CEC and organic carbon markedly
influenced almost

properties, especially when their
levels are beyond critical limit for
crop growth. Pedon 4 had specific
limitations of soil depth and surface
drainage. This is similar to the
findings of Ande (2011) regarding

Cassava

for
cultivation in the Derived Savanna

Area of Southwestern Nigeria.

£
>

a
The results of suitability rating or

the soil suitability evaluation and
Land Suitability Classification for
classes for the cultivation of yam
across the eight pedons in the area
showed that Pedons 1, 3 and 5 were
moderately suitable (S2) for yam
cultivation in the study area with
limitations in climate, wetness, soil
physical characteristics and fertility
(Table 4). Similar observations were
reported by other workers (Asadu
and Ezike, 2017 and Ali et al., 2017)
that low fertility status of soils
especially, nitrogen, magnesium and
calcium, affects the leaf and tendril
growth and tuber formation in yam
and yam tuber yield correlated to the
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maximum leaf index and there was a need to improve
some cultural practices to conserve the fertility
status of soils. The three pedons (1, 3 and 5) covered
a land area of 30,000 hectares and, represented 61.62
% of the total land in the study area. Pedons 2 and 7
were also moderately suitable (S3) for yam
cultivation in the study area with limitations in
climate, soil physical properties and fertility and,
covered 4,750 hectares, representing 9.57 % of the
total land in the study area. Pedon 4 was permanently
not suitable (N) for yam cultivation with severe
defects in soil depth. It covered an area of 7,700
hectares, (13.52 % of the land). Pedons 6 and 8 were
currently not suitable (N) for the cultivation of
yamdue to severe defects in fertility and, covered
6,600 hectares of land (13.29 % of the total land).
As regards the specific fertility limitations, total
nitrogen was moderate in all the eight pedons. Total
N and Organic carbon were very low in pedons 6
and 8. However, this limitation can be corrected by
the application of organic and inorganic manures to
the soils in the study area, thereby changing them to
become moderately suitable (S2). This is also in line
with the findings of Raji (2016) who reported that
the soils with low fertility status can be easily
corrected by addition of organic or inorganic
amendments at recommended rates.

CONCLUSION

It is concluded that 75% of the total land sites in
KhanaLGA were moderately suitable (S2) for
cassava and yam production which cover 40,681.54
hectares (81.97% of the total land) in Khana LGA,
while 8,950 hectares representing 18.04 % of the
total land area were also marginally suitable (S3)
for cassava production. Again, 30,582 hectares
(61.82%) were moderately (S2) suitable for yam
production and 4,750 hectares (8.57 %) were
marginally suitable (S3); while 12,450 hectares
(25.08%) were currently not suitable (N) for yam
production. The land suitability map produced from
this study should be employed as a basis for land
site selection for cassava and yam production for
increasing the output for cassava and yam in Khana
Local Government Area of Rivers State.
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