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ABSTRACT

Spatial variability of soil properties may reflect the effects of management practices adopted
in an area, and understanding this is prerequisite for devising location specific nutrient
management for a better farm economy and increased sustainability in crop production. This
study assessed the influence of conventional and organic management practices on spatial
variability of the soil properties at the National Horticultural Research Institute (NIHORT),
Ibadan. Soil samples were collected from conventionally and organically management citrus
orchards at 14 m x 21 m grids and at depths of 0 — 15, 15 — 30 and 30 — 60 cm. Soil samples
were also collected from an adjacent undisturbed forest as Control. Variance analysis,
semivariogram models and relative variance were used to analyse the results of selected soil
chemical and physical properties. It was observed that management systems had significant
effects on soil properties. The control had the highest organic carbon, potassium, sodium
content and bulk density values. The organically managed citrus orchard was closer to the
control in terms of nutrient content than the conventionally managed orchard. pH, bulk
density and coarse sand were the least variable parameters (CV < 15%) at all depths in both
management systems and the control. Total nitrogen, available P, calcium, magnesium, clay
and fine sand were highly variable (CV > 35%) at all depths, while organic carbon,
potassium, sodium and silt varied irregularly from highly, moderately to least variable at
various depths in both orchards. However, in control samples, available P and total nitrogen
were the highly variable (CV > 35%) properties at all depths. Silt, organic carbon and
calcium were moderately variable (CV 15 — 35%) at all depths. The undisturbed forest had
fewer variations in soil properties than both orchards. Nevertheless, the organically managed
orchard showed more similarities in soil properties with the control. Therefore, the organic
management system caused less spatial variability in soil properties compared with the
conventionally managed system, thus it could be more sustainable and less cumbersome to
manage.
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INTRODUCTION management practices adopted. According
to Maniyunda et al. (2013) the soil is
inherently heterogeneous in nature, as a
result of the many factors that contribute to
its formation and the complex interactions
of these factors. Ferreira et al. (2015)
reported soil physical and chemical
properties to vary with land use, cultural

The soil is an essential part of any
terrestrial ecosystem. One may look at the
soil on a piece of land and see one
homogenous mass, but this is unlikely as
soil usually differ in physical, chemical
and biological properties. The cause of this
difference may be due to morphological
factors, type of crop grown, or
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practices and local conditions like complex
topographic landscape and soil type

Management practices have a great effect
on the direction and degree of changes in
soil properties. They have been known to
affect the soil either positively or
negatively, but their impact on the soil
properties from point to point on a piece of
land may have been overlooked.
Conventional farm management in a bid to
increase food production to meet the ever
increasing human demands employ
intensive use of land resources, irrigation,
fertilizers, pesticides and modern farm
machineries. Conventional management
fully depends on external inputs like
chemical fertilizer for productivity and
synthetic pesticides for pest management.
According to Rattanasuteerakul and Thapa

(2012), these chemicals pollute the
environment and cause various kinds of
health problems among consumers.

Organic farm management on the other
hand is a holistic approach consisting of a
set of conservation activities such as green
manures, composting, cultural practices,
bio-fertilizer and biologically nitrogen
fixation for environmentally friendly
production (Leifeld, 2012). It is rapidly
expanding through the world due to the
growing demand for a more sustainable
agriculture  (Mzoughi, 2011). Organic
farming relies on biological processes and
thus aims at reducing the utilization of
external inputs (Schader et al., 2013).

Soil variability is the degree of variation in
physical and chemical properties of soil
from one point to another (Akinbola et al.,
2010) which could be due to varying
influence of the soil forming factors in a
natural setting or could be induced by the
varying landuse or land management
practices. Variability in soil properties
could result in some part of a cultivated
field receiving insufficient inputs with the
other part receiving excess of it (Effiom et
al., 2010). Mulla and McBratney (2001)
also note that variability in soil properties
causes uneven crop growth, confounds
treatment effects in field experiments and
decreases the effectiveness of uniformly
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applied fertilizer on a field scale. While
induced variability in soil properties is
unavoidable, high degree of soil variability
could make mapping and accurate
prediction of management and productive
potentials difficult (Ogunkunle, 2003).
Excessive induced variability may also be
an indication that such management
practices may not be sustainable with time
(Tugrul, 2019). Understanding the
magnitude and pattern of soil spatial
variability is necessary for improved
management of soil and research design
for field trials in agricultural production
(Khan et al., 2014).

Citrus (Citrus sinensis) is the most widely
cultivated fruit-tree in Nigeria. As at 2017,
Nigeria ranked 9th in world citrus
production with 4.09 million tonnes
(FAOSTAT, 2018). Citrus serves as a raw
material for fruit juice and confectionery
industry. Citrus and citrus products are
rich in vitamins, minerals and dietary fibre
which are essential for normal growth and
development and overall nutritional
wellbeing (Etebu and Nwauzomam, 2014).
Citrus trees are grown on a wide range of
soil types. (Shah et al., 2012) reported that
citrus orchards are generally not uniform
in soil fertility due to variability in soil
properties. Therefore, blanket fertilizer
application may not be economical in
circumstances where fertility gradient
across the site is not uniform.

Understanding spatial variability of soil
properties is prerequisite for devising
location specific nutrient management with
the aim of obtaining better farm economy
and increased sustainability in crop
production (Behera and Shukla, 2015).
This study was conducted to assess the
spatial variability of the soil of citrus
orchards and the influence of management
practices on soil properties.

MATERIALS AND METHODS
Location

The study was conducted at the National
Horticultural Research Institute
(NIHORT), Ibadan. The study area lies
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within latitude 07° 24.484" N - 07° 24.410°
N and longitude 3° 50.672" E - 03° 50.719"
E with a mean altitude of 165.5 m. The
area has a humid climate with an average
rainfall range of 1100 — 1400 mm/annum
(NIMET, 2018). It experiences a bimodal
rainfall distribution pattern with peaks in
June/July and September. Maximum and
minimum temperatures are 30°C and 21°C
with relative humidity of over 70%. The
area is underlain by basement complex
parent rocks which have thick foundation
of ancient and old metamorphic and
igneous rocks.

Field survey and Soil sampling

Reconnaissance visit was made to the
study area in order to have an idea of the
terrain and make prior arrangements
before embarking on the main field work.
The coordinates of the sampling points
were taken using the Global Positioning
System (GPS) devise. Soil samples were
collected from organically managed citrus
orchard and conventionally managed citrus
orchard using soil auger. These samples
were collected at 14 m x 21 m grids and at
the depth of 0-15, 15-30, and 30-60 cm.
These gave a total of 48 samples for each
orchard. Undisturbed soil samples were
collected from the study area using a metal
core sampler (of known height and
diameter) for the determination of bulk
density. Samples were also collected from
an undisturbed forest to serve as control.

Laboratory analysis

Soil Samples collected were air-dried and
passed through a 2 mm sieve and 0.5 mm
sieve to analyse for physical and chemical
(routine) properties. The soils were
analysed using standard procedures
described by Udo et al., 2009. Parameters
determined include; pH 1:1 H0,
exchangeable bases (Na, K, Ca, Mg),
available phosphorus, organic carbon, total
nitrogen and bulk density.

Statistical analysis

The data set of soil properties was
analysed statistically. The mean, standard
deviation and coefficient of variation for
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each area studied were assessed.
coefficient of wvariation (CV) was
calculated as the percentage the standard
deviation to the mean. Two-way ANOVA
was done to test the effect of management
systems and depths on soil properties
using Genstat 4" edition. Means were
separated using LSD at P<0.05.
Geostatistical technique of semivariogram
analysis was used to determine spatial
structure of some chemical properties of
the soil. Soil test values were interpolated
using geostatistical technique of kriging to
generate  nutrient  distribution  maps.
Relative variance which is the ratio of
variance withing units to total variance
was used to test the heterogeneity of soil
properties within each study unit.

RESULTS

Selected descriptive statistics of some
soil properties of the study area

Table 1 shows selected descriptive
statistics of some properties of surface
layer (0 - 15 cm) and sub soil (15 - 30 and
30 - 60 cm soil depth) from the
conventionally managed citrus orchard.
The pH varied with depth with mean pH
decreasing from 6.78 in the surface layer
to 6.54 at subsurface layer. The values of
CV for soil pH in all the soil depths
revealed their low variability (CV < 15).
The organic carbon content in the surface
soil layer varied from 10.50 g/kg to 31.92
g/kg across the conventionally managed
citrus orchard. The mean organic carbon
content decreased with increasing soil
depth. Highest variation was observed in
available P. The variability of available P
in surface layer (CV = 191 %) was higher
than in lower horizons (CV = 100 %).
Coefficient of variation (CV) of total N in
the surface soils was higher (139.8 %) than
at subsurface horizons (129.9 %). With,
the value of CV for total N, classified as
highly variable

The mean K content in the top soil was 0.3
cmol/kg which decreased to 0.1 cmol/kg at
the sub soil. The spatial variation in K
content was classed as ‘moderate’ (CV =
24.4 to 26.5%), at the surface layer and



Nigerian Journal of Ecology 19(1): 51-61 — Orimoloye et al.

sub-surface layer (30 - 60 cm) in the area with surface layer having mean
respectively. For the exchangeable bases, value of 838.3 g/kg, followed by silt with
Ca and Mg content in all the soil layers 129 g/kg and clay 27 g/kg. As indicated by
was highly variable except for Mg content the values of the coefficient of variation
in the sub layer (30 - 60 cm) which was (CV), it was observed that the variability
moderately variable. Ca reduced with of the clay component across all depths of
depth. Na was moderately variable at all the field was high (CV > 35) while that of
depths, with CV ranging from 18.9 % to coarse sand was the least (CV < 15). Bulk
30.4 %. density had CV < 15 % at all depths: thus

classed as least variable.

Particle size distribution revealed that sand
was the dominant soil texture component

Table 1: Descriptive statistics of selected properties of the conventionally managed citrus orchard

0 — 15 cm soil depth 15 — 30 cm soil depth 30 — 60 cm soil depth

Soil properties Range X 5D cv Range X 5D cv Range X 5D cv
pH 6.7-8.0 6.78 0.54 8.0 6.1-7.4 6.69 0.38 5.7 58-75 6.54 0.9 9.0
OC(gkg) 10.50-3192 18.72 6.03 322 3.78-21.00 537 5.02 536 042-2562 821 652 794
Total N (gkg) 0.14-12.60 2.64 3.69 1358 0.14-1162 291 3.38 116.2 0.14-5.380 1.94 252 1259
Avail P(mgkg) 1-86 11.00 21.00 151.0 1-64 1200 18.00 1500 1-11 3.00 300 1000
K (cmolkg) 0.12-0.49% 0.26 0.08 318 0.08-0.25 0.14 0.06 40.9 0.07-1.74 0.13 0.04 283
Mg (cmolkg) 0.62-2.53 1.45 0.60 41.6 0.65-2.49 1.47 0.60 40.5 0.85-222 138 046 331
Ca (cmolkg) 0.88-7.86 3.23 2.26 659 0.22-403 2.30 1.56 67.9 0.21-4.67 132 133 1008
Na (cmolkg) 048-1.17 0.79 0.19 240 039-1.52 0380 0.24 304 0.57-1.13 0.77 0.15 18.9
Clay (gkg) 0.00-4.00 2.70 1.40 519 0.00-6.00 258 1.54 587 0.00-6.00 249 15% 7995
Silt (gkg) 340-3540 1290 5.12 387 540-1740 1015 331 326 540-1540 525 308 333
Fine sand (gkg) 0.04-1794 10.88 5.68 522 1.88-41.02 1891 9.78 51.7 3.94-2838 1458 6.52 447
Coarse sand (gkg) 57.80-8046 73.73 5.39 7.31 48.78-8088 6850 B8.25 12.0 61.42-80.67 7315 571 7.8
BD (g/cm?) 1.39-1.42 1.41 0.01 0.7 1.39-1.42 1.41 0.02 1.4 1.39-1.44 141 0.02 1.4

OC - Organic carbon, Avail p - Available Phosphorous, Ca - Caleium, Mg - Magnesium, N - Nitrogen, Na - Sodium, K - Potassium, BD — Bulk density, CV - Coefficient of
vanation, 8D - Standard deviation, X - Mean

Table 2 shows some descriptive statistics Mean K content in the top layers was 0.27
of some soil properties of the organically cmol/kg and then decreased to 0.17
managed citrus orchard. The surface cmol/kg at the sub soil layer. The CV for
profile (0 - 15 cm) showed pH varying K content in all the studied soil profiles
from 6.3 to 7.6 with mean value of 7.0, decreased with depth. and was classified as
which was in close range with the highly (CVv=38.9 to 48.1 %). Ca and Mg
sublayers, indicating that the soils were content in all the soil horizons were highly
neutral at all depths. The values of CV for variable except for Mg. content in the 15 -
soil pH in all the soil layers showed the 30 cm depth that was moderate. Sodium
low variability and these values were less content was in the moderate variability
compared to CV values of other measured class at all depths.

soil chemical properties. The organic
carbon content in the surface layers varied
from 14.4 to 49.56 g/kg and had CV value
that was highly variable (36.8 %). The
mean organic carbon content decreased
with depth. Available P had the highest

spatial variation c_ompared o _other classified as highly variable. Coarse sand
measured soil properties. The variability of fractions were least variable at all depths

available P (CV=69 %) at the surface was (CV < 15 %). Bulk density had mean

less than was observed at the lowest depth - .
h o ot values that increased with depth and CV
(CV = 120 %). Coefficient of variation values that were low at all depths.

(CV) of total N at 15 -30 cm depth was

For the particle size distribution, mean
clay fractions ranged from 5.05 to 6.99 %,
silt (9.90 to 10.73 %), while that of coarse
sand was (69.96 to 72.33 %) across all
depths. Clay and silt fractions increased
with increasing depth, and had CV values

highest compared with the other depths. Descriptive ~ statistics  of some  soil
The, total N content was also highest at properties of the undisturbed forest are
this depth. All the CVs of total N in the shown in Table 3. The pH varied from 6.1
soil were classified as high variability. to 8.0 across depths. There was slight
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variation in the pH with depth, mean pH phosphorus reduced with increasing depth.
increased from 7.0 at the 0-15 and 15-30 0-15 cm depth (CV = 38 %) was higher
cm depths to 7.2 at 30 - 60 cm depth. The than the 15 — 30cm (CV = 36 %) and
values of CV (5.7, 4.2 and 9.7 %) for soil lower than the 30-60 cm depth (CV = 60
pH in all soil depths revealed their low %). The spatial variation in K content was
variability. The mean organic carbon moderate at the surface and low at sub
content decreased with depth. The organic layers. Ca, Mg and Na ranged from high to
carbon at the 0-15cm depth varied from moderate across depths. For the particle
29.4 g/kg to 48.72 g/kg across the study size distribution, mean clay values
area. The mean value of the total nitrogen increased while that of silt and coarse sand
was classified as low and it reduced from content reduced with increasing depth.
0-15 to 15-30 cm depth. The total nitrogen Coarse sand was the least variable at all
at the surface ranged from 0.14 g/kg to depths. Silt was classed as moderately
0.56 g/kg. The CV at 0 - 15 cm was variable (CV 18 % - 25.3 %). Clay content
highest compared to other depths, although had low variability at 30 - 60 cm depth,
all the CV were classified as highly while bulk density had low CV values.

variable. The mean values of available

Table 2. Descriptive statistics of selected properties of the organically managed citrus orchard

0= 15 cm soil depth. 15 — 30 cm soil depth 10— 60 cm soil depth

4_3(1“ propertics R}ngc X SD cv _Rgng;. X SD cv R_que X ASD. C\"
pH 63-70 700 030 33 65-74 700 020 29 63-73 690 030 43
OC(gkg) 144-4956 2644 972 368 528-264 1771 309 287 240-2448 1665 652 41.7
Total N (gkg) 0.14-.042 021 0.0% 425 014-882 0.34 034 100 0.14.042 0.26 0,10 385
Avail. P{mgkg) 1-3 2.00 1.50 69 1«2 1.00 080 s0 0-2 0.50 0.60 120
K (cmol kg) 0.11-0.56 0.27 013 481 007-031 0.17 0.07 412 0.08-0.33 0.18 0.07 389
Mg (cmol kg) 067-247 127 048 178 091-241 145 044 306 098-297 164 076 463
Ca(cmol kg) D96-596 292 1.31 449 074-511 2.74 .16 423 089 .-644 3.10 1.31 42.3
Na(cmolkg) 0.52-0.85 0.66 010 154 048-1.00 0.65 014 218 0.52-1.35 0.72 0.21 292
Clay (gkg) 0.00-1200 3505 288 370 340-1080 3568 188 331 200 -16.80 6.9% 382 3543
Silt (gkg) 340-2340 9550 427 431 340-23430 1015 452 445 540-1940 1073 436 406
Fine sand (gkg) 253-2302 1266 906 716 090-33.72 1572 764 486 362-26.1 1166 517 343
Coarsesand (gkg) 47.18-8008 7233 7.63 10.5 S5T88.803 699 3524 7.5 5770 - 78 08 7036 6.29 g%
BD (g'em®) 1.39-148 [.43 0.02 14 141-148 1.43 0.02 I4 1.39-1.51 143 0.03 21

OC - Orgaxuc carbon, Avadl p - Available Phosphorous, C4 - Calenum, Mg - Magnesium N - Nitvogen, Na - Sodnen, K - Potassium, BD - Bulk denuty, CV - Coefficsern of

Table 3. Selected descriptive statistics of some properties of the Natural Forest (control)

0 — 15 cm sol depth 15 =30 cm soil depth 30— 60 cm soil depth

Soil properties Range X sD cV Range X SD cv Range X SD CV
pH 65-75 7.00 0.40 5.7 6.7-75 720 030 4.2 61-80 7,20 0.70 Q97
OC(gkyp) 294-4872 3833 722 188 1764-2982 2562 476 185 2016-2540 2447 414 169
Total N (g'kg) 0.14-0.56 028 020 714 0.14-490 019 007 368 0.14-042 021 012 571
Avail P(mgkg) 20-60 120 1.60 8.0 05-18 140 030 36.0 01-17 1.00 060 600
K (cmol kg) 0.31-051 044 0.11 25.0 0.23-031 027 003 111 026-033 030 003 100
Mg (cmol kg) 0.64-329 163 1.06 650 0.71-133 099 025 253 079231 134 058 433
Ca(cmol kg) 302-6.31 414 128 312 250-412 356 063 177 315-561 207 0%2 231
Na (cmol kg) 1.04-209 148 038 25.7 0.52-239 148 067 453 061-183 138 050 362
Clay (gkg) 8$80-2280 1360 3551 403 6.00-2680 1560 792 508 2080-2540 2395 184 77
St (gkg) I040- 1640 1265 228 150 7401440 1165 2095 253 1040 . 1540 1165 217 |86
Fine sand (gkg) S08-1340 10.59 202 19.1 8.14-2300 1235 6.17 50.0 6.60.9.58 7.74 112 145
Coarsesand(gkg) 38.72-6920 6317 435 6.9 4920-6614 6042 660 109 4962-6220 5667 451 80
BD (g cm') 146-152 148 0.02 1.4 144-151 148 0.03 2.0 1.50-1.52 1.51 0.01 07

OC - Organic catbon, Avail p - Available Phosphorous, C3 - Calcruen, Mg - Magneshun, N - Nigrogen, Na - Sodiusn. K - Potasswun, BD — bulk density, TV - Coefficent of
vanaton, 8D - Standard desaation, X - Mean

homogenous in the organically managed

Relative variance orchard, at all depths.

Relative variance was used to measure the Two-way analysis of variance on
degree of homogeneity in  each selected soil properties of the study area
management system (Tables 4 and 5). The From Table 6, organic carbon, available P,
K, Na and clay were homogenous in both potassium, sodium and bulk density were
management systems at all depths, having significantly influenced by management
1-RV values ranging from 0.5 — 1, while systems, while organic carbon and
available P and total nitrogen were potassium were significantly affected by

soil depths. There were no significant
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differences in the interaction between
depths and management systems for all
soil properties analysed. The control had
the highest organic carbon, potassium,
sodium and bulk density. The organically
managed citrus orchard was closer to the
control in terms of nutrient content than
the conventionally managed orchard. Total
nitrogen and available phosphorous were
more in the conventionally managed
orchard, although the total nitrogen was
not significantly different from that of the
other management systems.

Semivariogram model parameters of some
chemical properties of the citrus orchards
and the control are shown in Table 7. The
nugagets, sill, ranges and nugget/sill ratio of
some chemical soil properties of both
citrus orchards and the control reveals the

S| Table 4: Relative variance of some chemical properties of the study area

Depths (cm) Conventional citrus orchard Organic citrus orchard Natural Forest (conuol)
Parameters S Sw RV 1-RV S'w RV 1-RV S'w RV 1-RV
pH 0-15 0.123 0.102 0.829 0.17 0.09 0,732 0.27 0.137 1.114 -0.11
15-30 0.130 0.144 1.108 -0.11 0.04 0.308 069 0.09 0.692 031

30 - 60 0.281 0.348 1238 024 0.09 0320 0.68 0.05 0.178 082

OC (gkg) 015 101.808 36.361 0.357 064 94478 0928 0.07 52.128 0512 049
15 =30 55354 25.2 0455 0.54 25,908 0468 0.53 22,658 0409 0359

30-60 64 964 4251 0654 0.35 4251 0.654 0.35 17.14 0.264 074

Aviil P(mgkg) 0~15 225 441 1960 056 225 0010 0.9% 2.56 0.011 059
15«30 16% 324 1917 092 064 0004 1.00 0.25 0.001 1.00

30 - 60 S g 1.000 0.00 036 0.040 0.96 036 0.040 096

0-15 3339 5,091 1.528 0,53 1.716 0514 049 1.661 0.496 0.50

Ca (cmol kg) 15-30 1.85% 2434 1.309 031 1.346 0.724 0.28 0.397 0.214 0.79
30 - 60 2678 1.769 0.661 0.34 1.716 0.641 0.36 0.884 0.330 0.67
0-15 0.404 0.36 0.891 0.11 023 0.569 043 1124 2.781 -1.78

Mg (cmolkg) 15-30 027 036 1328 -1.33 0,194 0716 0.28 0.061 0.225 078
30-60 0413 0.212 0.513 0.49 0578 1400 -0.40 0333 0.806 019

0-15 041 0.006 0.01%5 099 0.017 0.041 0.96 0.012 0.028 097

K (emolkg) 15-30 0.270 0.004 0.015 099 0.005 0.019 098 0.009 0.033 097
30-60 0410 0.002 0.005 1.00 0.003 0.012 099 0.009 0.022 098

0-13 3345 0.036 0011 099 0.01 0003 1.00 0.144 0.043 0.56

Na (cmolkg) 15-30 1.85 0.058 0.031 0.97 0.018 0.010 0.99 0.449 0.243 0.76
30-60 2.69 0.023 0.009 0.99 0.044 0.016 098 0.25 0.093 091

0-15 9989 13616 1363 036 0.008 0.001 1.00 0.04 0.004 1.00

Total N (gkg) 15-30 8.435 114244 1354 035 0.116 0.014 0.99 0.005 0.001 1.00
30-60 2.856 6.33 2223 -1.22 0.01 0004 1.00 0.014 0.005 1.00

OC - Ovganic carbon, Avad p - Avaiable Phosphotous, Ca - Calenem, Mg - Magnesium, N - Nitrogen, Na - Sodium, K - Potassium, 55 ~total vanance, 5w - within clas

vanance, RV - relative vanance

Table 5: Relative variance of some physical properties of the study area

Depths (cm) CIIN CIOR CONTROL
Parameters S% S w RV I.RV Siw RV 1-RV Sw RV 1-RV
0-135 18502 1.96 0106 089 8294 0448 055 3036 1641 064
Clay (%) 15-30 24744 2372 00% 090 3534 0143 086 2.726 2535 -1.353
30-60 50.802 396 0078 092 145924 0287 o071 3386 0067 093
0-15 22508 26214 1165 016 18.233 0810 019 5.198 0.231 0.77
Silt (gkg) 15-30 15.132 10956 0724 028 2043 1350 035 8703 0575 o042
30-60 14.132 9486 0671 033 19.01 1345 035 4709 0333 067
Coarse sand 0-15 50.883 29052 0571 043 58217 1144 014 18923 0372 063
(g'kg) 13-30 55433 68063 1228 023 27458 0495 050 4356 078 021
30-60 60.727 32604 03537 046 39564 0652 035 20.34 0335 067
Fine sand 0-15 54.299 32262 039 041 82.084 1512 051 408 0075 092
(gkg) 15-30 77.401 95648 1236 -0.24 5837 0.754 025 38069 0492 051
30-60 34863 4251 1219 022 26729 0767 023 1254 0036 096
Bulk density 0-15 0.0008 00001 0125 088 0.0004 0500 050 00004 0500 050
(g/cm’) 15-30 0.0009 00004 0444 056 00004 0444 056 00009 1000 000
30-60 0.0016 00004 0250 075 00009 0563 034 00001 0063 094
CIIN - conventionally managed citrus orchard, CIOR- organscally managed citrus orchard, S°t ~total vanance, 5°w — within class vanance, RV - relative vatance
56
Table 6: Effect of management systems and soil depths on selected soil properties of the study area
Management systems pH Org. C Total N Awvail. P K Mg Ca Na BD
(g%g) (gkg)  (mgkg) (cmolkg) (cmolkg) (cmolkg) (cmolfkg) (g/cm®)
Convectional citrus orchard 6.81 1239 ERE 9.75 0.18 146 228 0.80 141
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Table 7 Semivariograms model parameters of some chemical propenties of the study area

Parameters  Depths Conventional citrus orchard Organic citrus orchard
Models Nuggets Sill Range Nugger-Sil Models Nuggets Sili Range Nugget : Sill
(o) (%o)
Organic 0-15 Spherical  0.0000 0.0003 - Gaussian 352315 1794826 196
cartbon (gkg) 15-30 Random 176736 2 0.0007 869 Gaussian  18.0687 65.0
30-60 Gaussian 356434 2247 Gaussian 407615 265.5
Total 0-15 Gaussian 02565 0005 14 Random 0.0102 12750
nitrogen 15-30  Gaussian 15769 0.0009 66.1 Random 46130 -
(zke) 30-60 Gaussian 15950 6.4431 00004 248 Random 15.8626 -
Available 0-15 Gaussian 09646 00072 00003 133972 Gaussian 15140 66.0
Phosphorus  15-30 Random 07094 0.0000 0.0009 - Gaussian 03152 315
(mpgkg) 30-60 Gaussian 42094 192122 00009 219 Randem 03863 0.0000
Porassium 0-15 Gaussiasn 00056 00055 00009 1018 Gaussian  0.00635 00148 00005 439
(cmolkg) 15-30 Gaussian 00019 00055 0.0007 345 Gaussian 00030 00029 0.0006 103 4
30 .60 Spherical 00000 00040 00003 Spherical  0.0000 00052 0 0004
DISCUSSION application  of  synthetic  fertilizers.

The summary statistics of soil properties
suggested that all the soil properties
exhibited considerable variability across
the study region. The soils were generally
high in sand in the surface layer and
subsoil levels same as observed by Ogeh
and Osiomwan (2012). On the surface, the
textural class for the organically and
conventionally managed orchard was
mainly loamy sand, that of the control was
sandy loam, at the sub soil, the organic
was loamy sand, the conventional was
sand and the control went from sandy loam
to sandy clay loam. The control had the
highest clay content while that of the
organically managed orchard was more
than the conventionally managed. There
was high variation in clay content in all
areas at all depths except for of the organic
at 15 - 30 cm and control at 30 - 60 cm
which were moderately and least variable,
respectively.  The bulk density of the
organically managed orchard was higher
than the conventionally managed, and this
is due to the higher clay content, compared
with that of the conventionally managed
orchard. According to Wolf and Snyder,
(2003) the variation in bulk densities is the
result of differences in soil texture, organic
matter contents and management practices.
The bulk density of the control was higher
than that of the orchards.

The conventionally managed citrus
orchard had mean pH values that indicated
that the soils were neutral to slightly acidic
with depth, this may be as a result of the
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Schrama et al., 2018 also recorded lower
pH in conventional management system.
The mean pH of the organically managed
citrus orchard indicated that the soils were
neutral at all depths. According to Si et al.
(2016), organic manure significantly
increased soil pH, this may be the reason
for the higher pH value observed in the
organically managed orchard. The pH was
also neutral across all depths of the
control. The values of CV for soil pH in
all sampled areas and at all soil depths
revealed their low variability (CV < 15).
These values were less compared to CV
values of other measured soil chemical
properties this may be because pH is
considered to be a stable soil parameter
(Yan et al., 2019). Houlong et al. (2014)
also observed lowest CV in case of soil pH
as compared to other soil 1properties
recorded in tobacco plantations of southern
china, same as experienced by (Kilic et al.,
2012) on their work assessment of spatial
variability of soil properties in areas under
different land use.

There was reduction in the amount of
organic carbon in both orchards and in the
control, with increasing soil depth. The
organic carbon content in the organically
managed orchard was higher than that
observed in the conventional. This may
have been due to the accumulation of
organic matter over the years on the
surface layer. This observation
corroborates with observations made by
Ogunkunle and Eghaghara (1992) and
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Ogeh and Ogwurike (2006). Soil carbon
levels increased under organic farming,
mostly as a result of substantial additions
of organic matter (Gattinger et al., 2012).
The control had the highest organic carbon
and this may be due to the land being left
fallow. Organic carbon varied moderately
in the control at all depths, but the
variation increased with depth in the
conventionally managed orchard and was
higher than that of the organically
managed. Total nitrogen varied greatly in
the entire study area though the variation
in the conventionally managed orchard
was highest, this may be due to uneven
application of inorganic fertilizer or
leaching of the nitrogen at some points
since the soil is sandy.

The available P was highly variable in all
areas of the study sites and within depths,
same as observed by Ogeh and Osiomwan
(2012). That of the conventional
management system had a wider range
compared to the organic, also the
variability of available P was highest in the
lowest depth for the organically managed
orchard but for the conventional the
highest variability was on the surface. The
lower available P at certain point could
have been due to some loses through plant
uptake or leaching of plant nutrient, the
findings were similar to Karaman et al.
(2001), who recorded that among soil
properties, available P was more variable
compared to others.

The potassium in the control varied
moderately in the 0-15 cm depth and
reduced with depth. Compared with other
nutrients consider, potassium varied highly
in the organically managed orchard than
the  conventionally = managed. The
potassium content was similar for both
orchards, as K ranged from low to very
low in both organically and conventionally
managed orchard.

The relative variance showed that the
control and the organically managed citrus
orchard had more of the homogenous soil
chemical properties at all depths when
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compared to the conventionally managed
citrus orchard. The reason for the more
homogenous soil chemical properties
recorded in the control and organically
managed orchard in comparison to the
conventionally managed orchard may be
due to litter falls which tend to cover the
soil surface and the addition of organic
materials applied to the soil in the
organically managed orchard which helps
to stabilize and reduce leaching of
nutrients from the soil. This is in
agreement with the findings of Schrama et
al. (2018) who noted that reduction in
organic matter in convectional farming
increases spatial stability in soil properties.

From the two-way analysis of variance on
some soil properties, it was observed that
the management systems had significant
effect on soil properties. This agrees with
the findings of Hondebrink et al. (2016)
who noted that agricultural management
has important influence on different soil
properties. Total nitrogen and available
phosphorous were more in the
conventionally managed system. Thomsen
et al. (2018) reported that in conventional
agriculture, nitrogen is typically applied in
its most soluble form--urea or ammonium
sulphate ranging from 30-40% available
nitrogen. In comparison, organic fertilizers
usually contain 1-15% total nitrogen with
an even lower percentage of that nitrogen
immediately available for crop growth.
Available P increases with cultivation due
to fertilizer application (Dick, 1982) this
may be the reason why the available P
content is higher in the conventionally
managed citrus orchard, than the
organically managed orchard and the
control. Also, maintaining sufficient soil
phosphorus levels for non-limiting crop
growth is challenging in organic systems
since off-farm inputs of P are restricted
(Cooper et al., 2018). Bulk density,
potassium, calcium and organic carbon
were highest in the control and they were
higher in the organically managed orchard
than the conventional.
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According to Li and Reynolds (1995), the
nugget to sill ratio is used to determine the
strength of spatial dependence. When a
variable has a nugget to sill ratio of less
than 25 % it is said to have a strong spatial
dependence, moderate spatial dependence
if the nugget to sill ratio ranges between
25% and 75%, and weak if it is greater
than 75% (Cambardella et al., 1994).
Using a similar approach, strong spatial
dependence in organic carbon at 0 - 15 cm,
total nitrogen at 0 - 15 and 30 - 60 cm,
available P at 15 - 30 and 30 - 60 cm and
potassium at 30 - 60 cm in the
conventionally managed orchard and
organic carbon at 0 - 15 cm, total nitrogen
at 15 - 30 and 30 - 60 cm, available P at 30
- 60 cm and potassium at 30 - 60 cm in the
organically managed orchard. while weak
spatial dependence was observed in
organic carbon at 15 - 30 and 30 - 60 cm,
available P and potassium at 0 - 15 cm in
the conventionally managed orchard and
organic carbon at 30 - 60 cm, total
nitrogen at 0 - 15 cm and potassium at 15 -
30 cm in the organically managed orchard.
Soil properties with strong spatial
dependence are heterogeneous, while weak
spatial  dependence are  uniformly
distributed.

CONCLUSIONS

Citrus management systems significantly
influenced the variability in soil properties.
The conventionally managed citrus
orchard showed more variation in nutrient
elements of total nitrogen and available
Phosphorus than the organically managed
orchards and higher heterogeneity in most
other soil properties. Organically managed
citrus orchard had similarities in soil
properties with the undisturbed natural
forest (control) indicating that the organic
citrus management system causes less
spatial variability of soil properties thus
may be more stable and a more sustainable
citrus production system.
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