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ABSTRACT

Dueto declining yield of Oilpalm, soils of the coastal plains sand of Imo State supporting oil palms
were evaluated. A bulked sample was taken from each of ten sites studied, at 0 — 20cm and 20 -
40cm depths and analysed in the Laboratory. Soils textures were dominated by sandyloam at the
surface, but sandy clayloam at the subsurface. Ranges of values of parameters at the topsoil were:
pH(4.1 - 5.6), ECEC (5.7 - 8.7cmol/kg), BS (36 - 87%), OM (1 - 4.7g/kg), TN (0.01 - 0.14g/
kg), Av. P (6 — 48mg/kg), Fe (0 — 233mg/kg), Cu (0 — 1.2mg/kg), Zn (0.3 — 14mg/kg), Mn (5.7 -
145.6mg/kg). Fertility Capability Classification (fcc) identified in the soils the condition modifiers
—g(gley —inthevalleys), e (low cec), h (strong acidity), and k (low content of k). But by suitability
rating, the main limiting factors were — OM (N), TN (S3/N), K (S3/S2). Generally, the soils were
moderately suitable (S2) for oilpalm cultivation. Slight drainage of sites on alluvium, moderate
liming (particularly of aluvia soils), liberal application of nitrogenous fertilizer and moderate ap-
plication of potassic fertilizer are recommended. The parametric method of assessment was more
realistic than the non-parametric.
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INTRODUCTION
Oilpalm (Elaeis guineensis) is an important However, Nigerian Institute for Oilpalm Re-
economic tree which, according to Komolafe

et a (1979), originated in tropical West Africa.
Adeniji et a (1991) report it as a source of food
(ail), pamwine, pamkernel cake for feeding
livestock, and palmoil for making soap, pomade,
magarine, candles etc. So, if well managed, the
crop has the potential of positively contributing
to the transformation of the country’s (Nigeria)
economy.
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search (NIFOR) (1986) noted that the acid
sand types of soils in Nigeria, which are the
more

important oilpalm growing soils, are deficient
in nutrients. Similarly, Udom (2002) reported a
drastic falling off in yield of oilpam
plantations in Nigeria and Cameroun, which
he attributed to declining soil Fertility and
improper manage- ment of plantations. His
study included ‘Ada- palm plantation’ which is
in the coastal plains sand of Imo State, the
location of this study. The management of
the soils is the more com-
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pounded by the use of plantation sites for arable
cultivation. This challenge is captured by Ohaji-
anya (2006) who reported poor resource use ef-
ficiency in Imo State resulting in poor yield of
major food crops — yam, cassava, maize.

The foregoing therefore underscores the need
for improved management of the soils support-
ing oilpalm plantations in the coastal plains
sand of Imo State. By matching the require-
ments of landuse to land qualities (FAO, 1976),
soil management is optimized and productivity
enhanced. This then provides a good basis for
advising farmers on appropriate management
practices. The study thus assessed soils of ten
sitesin the location of study supporting oilpalm,
to highlight their limiting qualities and manage-
ment requirements.

MATERIALSAND METHODS

Location. Study locationiswithin Lat. 5015|N
and 5045|N, and Long. 7030|E and 6045E. It
is within the humid tropics. Mean annual tem-
perature is 270 — 280C (800 — 820F) (Monanu,
1975a); total annual rainfall is 2250 — 2500mm
(Monanu, 1975b), having three dry months in
which total rainfall is less than 60mm (Inyang,
1975). The location is in the rainforest region

Hyparrhenia grass species (Igbozurike, 1975).
However, Ukaegbu (2014) records the soils
parent materials as alluvium (in the river val-
leys), subrecent alluvium (in delta), and coastal
plains sand (in the upland), as indicated in ta-
ble 1. Following the standards of USDA Soil
Taxonomy (Soil Survey Staff, 2010) and FAO
(1998) World reference base for soil resources,
Ukaegbu (2014) further records the soils’ clas-

sifications as indicated in table 1. Alluvial soils

of the inland valleys (sites 1, 2, 3) are classified

as Fluvagquentic Eutrudepts (USDA) and Gleyic
—Fluvisol (FAO). Those of uplands (sites4 to 9)

are classified as Typic Paleudult (USDA), and

Haplic Ferralsols (FAO). Soil of deltais classi-

fied as Typic Paleudult (USDA) and Haplic Fer-
ralsol (FAO).

Sampling. Table 1 shows the description of
sites sampled.

Samples were taken by Free Survey Technique
from a quarter of an hectare within each plantation
gte, as somewere lessthan half an hectarein area.
A minimum of five samples (spread the entire area
sampled) were taken from each of 0 — 20cm and
20 — 40cm depths and bulked, such that each ste
had a bulked sample for each depth sampled. Total
of twenty (20) bulked samples were thus taken to

dominated by oilpalms (Elaeis guineensis) and the |aboratory for analyses.
Table 1: Descriptions of sites sampled
o Soil Classification
/M Site LGA Physiography Parent Material UsDa FaAD Land
1 By DikpalaTraeminia  Ngor-Okpala Irni river valey Allurvium Fluvagquentic  Glayse-Fluvisal Wildpaim
bridge Ei
2 Nri.imuzu Abah-Mbxse I river valiey Alluvium Fluvagquentic  Gley.c-Fluvisal Planiation
Eutrudepts
: Emekiky Cravesri North Chatankws rivar  Alluvium Fusaquentic  Gleyic-Fludizol  Plamation
valley Eutrudepis i
4 hguru Aboh-Mbaise Upland plain Crastal plains sand Typie Haplic-Ferraisols  Plamstian
palewdult
5 LUmuokoika-Elosaraa Aniazu-Mbaiss  Upland plain Coastal plaing sand Typic Haplic-Ferrataols  Planaton
paleudult
6 Urmnisahia-Onhakatem Mgor-Dkpata Upland plam Coastal plains sand Typle Haplic-Ferralaols  Haplic-
paleudul Ferralacizs
7 Emekuku Crwarti-Narh Gentlle slape Ciosstal plaing sard Typie Haplic-Ferralsals  Flantaton
paleudut
B. Mguga kedury Untand plam Coastal plaing sand Typic Hagplic-Femalsals  Plantation
palaidu®
g,  Ohajl OhgjiEgberna  Ugkand plain Coastal plains sand Typic Haplic-Femalsals  Plantation
{hdapalm) pateudul "
10, Oguts Oguta Danaic plain Subrecent alluvium Typic Haplc-Femalsois  Plantation
pateudull

127



Nigerian Journal of Soil Science

Laboratory Analyses. Samples were air-
dried and sieved with a sieve of 2mm mesh
size. The fine-earth fraction was analysed using
standard procedures. Particle size anaysis was
by Bouyoucos (1951) hydrometer method, us-
ing sodium hexametaphosphate as dispersant.
Soil pH was determined using a glass electrode
pH meter in a soil-to-water ratio of 1:2.5. Or-
ganic carbon was by the Walkley and Black
(1934) method. Organic matter was then got by
multiplying the value of organic carbon with
1.724. Total nitrogen was determined by Mac-
ro-Kjeldahl method of Black (1965). Available
phosphorus was determined by Bray and Kurtz
(1945) No 11 Method. Exchangeable bases
were extracted with neutral normal ammonium
acetate solution; Cat++ and Mg+= in the extract
were determined by EDTA titration, while K+
and Na+ were determined by flame photometry.
Exchangeable acidity was determined by the
method of Mclean (1965). Total Exchangeable
Bases (TEB) was obtained by summation of the
exchangeable bases (Na, K, Ca, Mg). Effective
Cation Exchange Capacity (ECEC) was calcu-
lated as the summation of total exchangeable
bases and exchange acidity. Base saturation was
got by expressing TEB as a percentage of ECEC.
Micronutrients were extracted with IMHCL so-
lution and their extractable contents determined
using Atomic Absorption Spectrometry (Buick
Scientific Atomic Absorption/Emission Spec-
trometer 205).

Evaluation Procedure: Soil parameters
were rated using critical values recorded in lit-
erature. On the other hand, productivity/suitabil-
ity rating indices of parameters and soils were
expressed as percentage of their optimal rates
using an adaptation of the scheme by Jasbir et a
(1988) given as:

Suitability (Productivity)

_Actual rating
Act_ual ratl_n X100
Optimal rating

Rating Index =

This scheme is based on the fact that output
from good quality land under optimal condi-
tions should be the standard for determining the
suitability of other types of land. The scheme
brings parameters to same term. Maximum
value of ‘moderate rating’, which otherwise is
minimum for ‘high rating’, is taken as optimal
for the parameters considered. These are: O.M.
- 3%/30g/kg (Landon, 1991); pH - 6.5 (Adeniji
etal., 1991); TN - 0.15% (Chude, et al. 2011);
Av. P-25mg/kg (Enwezor et al, 1989); Exch. K
— 0.25cmol/kg (Chude et al., 2011); Base satura-
tion was taken as normally expressed; Exch. Mg
— 0.5cmol/kg (Landon, 1991).

Soil texture was rated on the bases of silt and
clay percentages, taking their average rating for
that of texture. 50% and 30% were taken as re-
spective optimal values of silt and clay (Savalia
et a., 2009) in Loam, considered optimal for the
growth of oilpalm.

The average rating of all parameters consid-
ered represents that of the site.

To determine the suitability class of param-
eters and of course soils, the suitability rating
index values are referred to the rating scale of
Dent and Young (1981) given below:

Table 2: Scil Suitakility Rating Scale
Suitakility Rating Index Suitability Class

=B0%: Highty suitable {54

40 — B0 Mpdarately suitable (5;)
20 — 40% Marginally suitable (5.3
<20% Mot suitable (M}

NB: Describing these as supplementary defi-

nitions of suitability classes employed for as-
sessment in terms of individual land qualities,
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Dent and Young (1981) define the classes in

terms of expected crop yields as percentage of
yields under optimal conditions, in the absence
of inputs specific to the land quality considered,
on one hand; while on the other, defined in terms
of inputs specific to the land quality considered,
necessary to achieve yields of >80% of those
under optimal conditions.

Fertility Capability Classfication (FCC):
Results of laboratory analyses of the samples taken
with the auger, a ong with the morphological prop-
erties of soil units as recorded by Ukaegbu (2014)
were used to determine Fertility Capability Class-
fication. The conversion data used in evaluating the
s0ils are as outlined by Sanchez et d (1982). The
system congsts of three categorica levels, ‘type’
(texture of plough layer or top 20cm), ‘substrata
type’ (texture of subsoils), and ‘modifiers” (solil
properties or conditions which act as congtraints to
crop performance). FCC units were determined by
combining class designations from the three cat-
egorical levels.

RESULTSAND DISCUSSION

A survey of the location of study showed most
oilpam plantations to be on the upland of the
coastal plains sand. This is reflected in table 1 as
seven of the Stes studied were on the well drained
upland. Only sites 1, 2, 3werein the valleys, poor-
ly drained some parts of the year during the heavy
rains. The Fertility Capability Classification (FCC)
of soils (table 5) recorded the condition modifier ‘g’
in the gdtes, indicating gleying. This quality alone
makes the Stes unsuitable for oilpalm cultivation
due to the defective oxygen supply. However, this
deficiency seems to compensate the dry months of
the year, when other sites suffer moisture deficits.
This perhaps explains the relative high rating of
other soil quditiesin the Sites.

The physica and chemica properties of soils

arerecorded in tables 3 and 4.

Table 3 shows that the surface soils’ (0 — 20cm)
textures are mostly sandy loam, while subsurface
(20 — 40cm) textures are dominated by sandyclay
loam. By the rating of FAO (1987), the soils are
medium textured. FCC (table 5) classifies the top-
s0ils mainly as Loam, with only sites9 and 10 rat-
ed as sand. At the subsurface soils’ textures have
also been dominated by Loam with the exception
of dte 2 rated as clay. But relative to Loam (con-
Sdered ided for oilpam cultivation) the topsoil
textures have rated marginaly suitable (S3), while
the subsoil is mostly moderately suitable (S2) as
indicated by table 6. The textures of sites (1, 2, 3)
on dluvium are most suitable, while those of delta
(dte 10) is most unsuitable due to its sandy nature.
The s0ils’ textures do not only show ability to re-
tain moisture, but also potentia for nutrient reten-
tion. But generally, the soils’ textures are good for
the cultivation of oilpalm.

The organic matter (OM) contents of soils
(table 3) range between 1.0g/kg to 4.7g/kg at the
surface, but 0.14g/kg to 1.71g/kg at the subsur-
face. By the rating of Landon (1991), the OM
contents are generally low. This is reflected by
table 6 as the parameter rated ‘not suitable’ —
N, in al the sites and at both depths considered.
The low contents agree with, what is recorded
about the ‘Acid Sands’ of southeastern Nigeria
by Enwezor et a (1981), the low contents be-
ing attributed to rapid rate of mineralization in
the humid tropics. The highest value of 4.74g/
kg was got at the surface of Imo river valley,
subject to seasona water logging which slows
down rate of decomposition. The low OM con-
tents limit soils both physically and chemically.

The soil’s effective cation exchange capac-
ity (ECEC) has been found to range between
5.3 — 9.4cmol/kg at the surface, but 5.3 — 16.8
cmol/kg at the subsurface (table 3). Followign
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it as low, with 90% of sites studied having the

the rating for oilpalm in surinam (FAO, 1976),
these values are high and therefore do not limit

condition modifier ‘e’. This means low ability
to retain nutrients, hence fertilizer application

crop growth and yield. However, FCC identifies
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Tahie 4: Topsnoil confante of some Micronutrient Elements at the siles

Site Fe Gu Zn Mn
mg'kg mgkg mg/kg migikg

1B 233.0 04 1.6 4.5
2, 7e.4 o7 8.5 145.6
3 207.3 1.2 14.0 =42
4, 0 0.3 Q.7 7T
5 B&.5 03 2.0 449
6. 131 0.1 0.5 2.1
7. 12.5 15 23 3.4
4. 8.9 o1 0.3 37
q. 16.8 04 ed 7
10, 0 7.0 £5.3

—— e ———

should be split. The ECEC values signify the
dominance of the 1:1 type of clay and of course
the importance of OM in sustaining soil fertility.

The soils’ reactions are extremely acid to
moderately acid at both surface and subsurface
soils. The pH values are 4.1 to 5.6 at the surface
but 4.2 to 5.8 at the subsurface. The acid nature
of soils is also captured by FCC with 90% of

Sites studied registering the condition modi-
fier ‘h’, indicating strong to medium acidity.

The exch. acidity values also reflect the soils’
reactions. At the surface, values range between

Table 5: Ferility Capability Classification (FCC) of Soils

1.04 — 4.08 cmol/kg, but 1.20 — 10.56 cmol/kg at
the subsurface, with the highest value of 10.56
cmol/kg got at the subsurface soil of Imo river

valley. This result compares with the finding of

Ibanga and Iren (2006) on soils of plantations
of University of Calabar, Cross River State and
Ikot Ekpene of Akwa Ibom State. However, the
crop seems to withstand the acidity. Jacquemard
et a (1998) note that oil palm can cope with acid
soils with a pH as low as 4. This claim is sup-
ported by the rating of the soils’ pH (table 6),
using pH 6.5 as optimal for the crop. Table 6

substrata Condition Modifiers FCC
Site Type1 Type2 g d e a h i x ¥ k b 8 n [ Unit
1 L = + = + E = - + - - - - Lgehk
2 L C + - + + - - - . LCgea
3 L - + - + - + - + B Lgehk
4 L - + - + + . B - - Levhi
8 L - + * - * - - - - Lehk
G, L - + = & #* = = - - Lehk
7 L - = . + . . . . Lhk
8 L + * + = - : . Lehk
8 5 L + + + - = . . Slehk
10 5 - - + + - = - - Sehk
Key:
5 = Sandy o =gley, a = aluminium toxicity, ¥ = x-ray amorphous, b = basic reaction,
L = Loamy, d = dry, h = acadic, v = wartigol, 5 = salinity,
C = Clayey, & = jow CEC, i = high fixation of p by Iron, k =k deficient. n = nitric,
i

- i
= e e
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hasrated high (S1) and moderate (S2), as shown
by table 6. The values exceed 35% regarded as
critical for the growth of oilpalm, according to
Ibanga and Udo (1996).

Similarly, using a critical value of 20% for

Al-saturation (Abangwu et al., 1978), it is only
at sites 1 and 2 (table 3) that the value is exceed-
ed. At acritical value of 0.2 cmol/kg (Meredith,
1965), the soils are not deficient in calcium.
Similarly, using the critical value of 0.5 cmol/
kg (Landon, 1991) the soils are not deficient
in magnesium. However, most of the soils are
deficient in exch. K using the critical value of
0.2 cmol/kg of Kyuma et al. (1986). The FCC,
as shown in table 5, rates 90% of sites deficient
(k) in potassium. However, using an optimal
value of 0.25 cmol/kg, 40% of sites rated mar-
ginal (S3), while 60% rated between moderate
and high. At the subsurface, 70% of sites rated

marginal (S3). Thisis shown by table 6.
By the rating of Chude et al. (2011) 80% of sites

are deficient in total nitrogen at both depths. The
range at the surface is 0.01 to 0.14, while at the
subsurface it is 0.01 to 0.20. The parameter (table
6) rates margina (S3) and not suitable (N) at the
topsoil for 70% of sites; while at the subsurface,
80% of sites are between marginal (S3) and not
auitable (N). The low nitrogen contents are associ-
ated with the low OM contents of the soils.

On the other hand, available-P contents of the
soils have been found high following the rating
of Chude et al. (2011). At the surface, it ranges
between 6mg/kg and 48mg/kg, whileitis8.5to
46mg/kg at the subsurface. Table 6 shows the
parameter to rate between moderate (S2) and
high (S1) at the surface for 80% of the sites;
while at the subsurface 90% of sites rate be-
tween moderate (S2) and high (S1). The param-
eter is not limiting, but the very high contentsin
some sites could upset the balance of nutrients.

NIFOR (1986) notes that magnesium deficiency

may be induced by the application of potassium
fertilizer. But the high content of phosphorus
may not adversely affect trace element availa-
bility. In land suitability assessment of Surinam
for Oilpam as recorded by FAO (1976) trace
element availability or phosphate fixation was

not considered, the reason being that oilpalm is
a deep rooting perennial and has relatively low
requirement with regard to nutrient activity. The
available-P content seems influenced by man-

agement as the sties with high contents have re-
cent mounds used for arable cultivation.

Table 4 shows the surface soil micronutrient
contents. The high iron (Fe) content of highly
weathered tropica soils is aso found in the loca
tion, where it ranges between 0 and 233 mg/kg.
Mn ranges between 4.9 and 145.6 mg/kg. The rest
(Cu and Zn) range between 0 and 14mg/kg. Apart
from site 10 where Fe was not detected, and sites
9 and 10 where Cu was not detected, the soils gen-
erally were not deficient in the micronutrient ele-
ments. Rather, there could be micronutrient (iron)
toxicity, particularly in the dluvia soils. The high
contents of Fe in the sites (1, 2, 3) are attributable
to the periodic flooding of sites.

Generaly, the soils have rated moderately suit-
able (S2) for oilpam cultivation, as shown by
table 6. The rating seems influenced by manage-

ment. Sites 8, 9 and 10 having least scores (38.2
to 43.4%) had least rating scores for available-P

and exch. K, both of which are highly influenced

by management. Sites used for arable cultivation
(e.g. dte 5) have pdm fronds pruned and trash
burnt before cultivation. And subsequently, there
isfertilizer application. These practices reduce soil
acidity, while increasing the N, P and K contents
of soils. However, the moderate (S2) rating of soils
means that inputs needed to raise soil productiv-

ity to >80% of those under optimal conditions are
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both practicable and economic.

The parametric method of assessment is more
redistic than the non-parametric as dl sites would
have rated ‘N’ by the later method on grounds of
limiting OM content — aresult that would not agree
with popularity of crop in the location.

CONCLUSION

Oilpdms are concentrated on the wd| drained up-
lands of coagtd plains sand where soils’ productiv-
ity is limited mainly by low contents of OM, TN,
and exch. K; while aluvia soils supporting a few
plantations are limited mainly by water logging.

Generally, the soils are moderately suitable
(S2) for oilpalm cultivation.
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