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Abstract In northeast Nigeria, there are compound
and bush fields which are variable in soil fertility. This
variability influences the efficiency of resource use to
increase crop yields on the fields. To address this vari-
ability, some soil fertility parameters in 0–15 cm depth
soil samples from farmer’s compound (64) and bush
(73) fields in southern Guinea savanna (SGS), northern
Guinea savanna (NGS), and Sudan savanna (SS) zones
were related to soybean and maize yields. Sand and
silt contents significantly influenced soybean yields in
compound fields in SGS and maize yields in compound
fields in NGS. Clay content had significant effect on
soybean yield in compound fields in SGS and bush
fields in NGS. Soil pH (range 5.23–8.03) was a signif-
icant parameter of soybean in bush fields in SGS and
total nitrogen (range 0.14–4.90 g kg–1) in bush fields in
NGS. Organic C (range 2.2–23.6 g kg–1) significantly
influenced soybean yields in bush fields in SGS and
maize yields in bush fields in SS. Available P (range
0.30–11.30 mg kg–1) and exchangeable K (range 0.15–
1.79 cmol kg–1) were important variables for soybean
yields in compound fields in SGS and for maize yields
in bush fields in SS. Available phosphorus was also
related to soybean yield in bush fields in NGS. Organic
carbon and available P were deficient in some of the
fields and were three times determinants of soybean
or maize yields. The addition of organic inputs and
phosphorus and the rotation of maize and soybean, but
targeted to the specific fields, are recommended.
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Introduction

Low organic matter and nitrogen and phosphorus are
the main constraints to crop production in northeast
Nigeria (Rayar, 1988; Kwari et al., 1999) and else-
where in West Africa (Schlecht et al., 2006). Both
mineral fertilizers and organic inputs are required to
improve soil fertility (Vanlauwe et al., 2002). This
view may, however, be contested because wide varia-
tions exist in soil fertility status among fields within
a farm, as has been widely reported across Africa,
eastern (Woomer et al., 1998; Murage et al., 2000;
Vanlauwe et al., 2006), southern (Roberts et al., 2003),
and western (Prudencio, 1993; Scoones and Toulmin,
1999). This variability is induced either by manage-
ment practices or by the result of differences in texture.

In eastern Africa, Woomer et al. (1998) reported
three types of fields in smallholder farming systems
and all showed a soil fertility gradient from home sites
to outfields. In South Africa, Roberts et al. (2003)
showed higher fertility status and better management
of home fields compared with outfields. Scoones and
Toulmin (1999) reported on home fields and outfields
in northeast Nigeria in which through the application
of manures and fertilizers, as well as the management
of organic materials, farmers maintain home fields that
are more productive than outfields which generally are
not manured or fertilized.

In the southern and northern Guinea and Sudan
savannas (SGS, NGS, and SS) of northeast Nigeria,
there are bush and compound fields which are variable

457A. Bationo et al. (eds.), Innovations as Key to the Green Revolution in Africa,
DOI 10.1007/978-90-481-2543-2_47, © Springer Science+Business Media B.V. 2011



458 J.D. Kwari et al.

in soil fertility. These fields differ in terms of dis-
tance from the villages and in management practices.
Compound fields are situated within the village bound-
aries at a distance less than 0.5 km. Bush or distant
fields are situated at more than 0.5 km from the
villages. The compound fields are under continuous
cropping of mainly maize and vegetables. The bush
fields are cropped with cereal (maize or sorghum)
and legume (groundnut or cowpea) intercrops with
the occasional practice of bush fallow system where
cropping is alternated with fallow periods of at least
2 years (PROSAB, 2004). The compound fields receive
some small applications of animal manure and house-
hold wastes; small quantities of inorganic fertilizer are
applied to bush fields when available. Maize has been
replacing sorghum as a staple food crop and as a cash
crop during the same period in the area because of its
higher yield per unit area (Kassam et al., 1975).

Intensification of land use systems arising from
increased population pressure combined with low fer-
tilizer use has resulted in soil fertility depletion in
northeast Nigeria (Rayar, 1988). This poses serious
threats to maize production which has a high N require-
ment. Deficiency of N may therefore be a major cause
of low maize yields. Therefore, it is necessary to
identify promising nutrient management practices for
intensive production. However, because of the differ-
ences in land use, fallowing, and use of manure and
inorganic fertilizers between the compound and bush
fields, soil fertility is likely to be variable in the two
fields. Consequently, field heterogeneity or variability
in smallholder farming system and the need for disag-
gregating and targeting management practices within
this heterogeneity are becoming increasingly impor-
tant in sub-Saharan Africa (Vanlauwe et al., 2006).
In particular, resource-poor farmers are averse to tak-
ing risk with respect to soil fertility amelioration and
are thus more likely to concentrate on managing better
fields than improving poor fields within a farm.

The study assesses the initial soil nutrient status of
farmers’ compound and bush fields and relates them to
the yields of maize and soybean. Maize is the major
crop in the area, and soybean is being introduced to be
grown in rotation with maize because of its capacity for
improving soil fertility. This information will help to
identify the soil parameters which are the major deter-
minants of the yields of these crops on each type of
field. This would guide in the prioritizing and targeting
of sustainable soil management systems to deal with
the heterogeneity within the fields.

Materials and Methods

Description of Study Area

The study area covers 30 communities in the southern
part of Borno State, Nigeria. The study area lies
between latitudes 10 and 11◦N and longitudes 12◦15′
and 14◦E and covers three agro-ecological zones:
southern Guinea savanna (SGS), northern Guinea
savanna (NGS), and Sudan savanna (SS). It has
an area of 16,100 km2 and a population of about
700,000 (PROSAB, 2004). Average annual rainfall is
1100–1300 mm in SGS, 800–1000 mm in NGS, and
600–800 mm in SS (PROSAB, 2004). Temperatures
are high throughout the study area, reaching a max-
imum of 40◦C in April and a minimum of 18◦C in
December and January.

The soil types in the study area are related to parent
materials from which they were developed. In SGS,
basalt underlying the Biu plateau gives rise to heavy
clay soils (vertisols) under conditions of poor internal
and external drainage. Sandy clay loam/sandy clay/silt
clay loam soils are developed on basalt and pyroclastic
rocks on the Biu Plains on better drained sites in the
remaining parts of the SGS and extending to NGS. In
Kwaya Kusar/Wandali communities of NGS, and the
whole of SS, sandstones give rise to sandy/sandy loam
soils (Carroll and Klinkenberg, 1972).

Selection of Farmers’ Fields,
Soil Sampling, and Analysis

Six to ten farmers who were willing to provide their
fields for participatory demonstration trials were iden-
tified in each of the 30 communities. Some of their
fields were within the village boundaries at a distance
less than 0.5 km (compound fields); other fields were
situated more than 0.5 km from the villages (bush
fields). A total of 137 composite topsoil (0–15 cm)
samples were collected from compound (64) and bush
(73) fields before planting began in May to early June
2004. Each topsoil sample contained 15 subsamples
that were mixed together. For compound fields, there
were 25 soil samples in SGS, 21 in NGS, and 18 in
SS. For bush fields, there were 25 soil samples in SGS,
33 in NGS, and 15 in SS.

The soil samples were air-dried, ground to pass a
2-mm sieve, and stored in tightly sealed polythene
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bags. The soil samples were analyzed for texture,
pH in water (1:2.5 soil–water ratio), organic carbon,
total N, exchangeable K, and available P through
methods outlined by Van Reeuwijk (1992). Potassium
was determined by flame photometry and phosphorus
was determined by spectrophotometry (Van Reeuwijk,
1992).

Field Trial Establishment and Cultural
Practices

Each farmer’s field was subdivided into three 20 m ×
20 m plots. Each plot was cropped with soybean (either
TGx 1448-2E or TGx 1904-6F in SGS and NGS
and TGx 1830-2E in SS), improved maize (either 97
TZL COMP-1-W or TZE COMP-3 DT in SGS, TZE
COMP-3 DT and 94 TZE COMP-5-W in NGS, and 95
TZEE-W and 94 TZE COMP-5-W in SS), or farmers’
choice of maize varieties. It was intended to rotate the
three crops in 2005 to improve the declining soil fertil-
ity status and demonstrate farmers the benefit of crop
rotation.

Fertilizer was applied to maize at the rate of 100 kg
N, 22 kg P, and 21 kg K ha–1 as NPK 15-15-15
and urea; 15 kg P ha–1 as single superphosphate was
applied to soybean. Weeds were controlled manu-
ally by hoe weeding. At harvest, ears of maize and
pods of soybean were removed and shelled, and grain
yield was adjusted to 12% moisture. Simple statis-
tics was used to compute mean grain yields of maize
and soybean. Multiple regression analysis was car-
ried out to relate maize and soybean grain yields with

soil parameters using the PROC REG in SAS (SAS
Institute, 1990).

Results and Discussions

Texture and Some Chemical Properties
of the Soils

The crop yields, texture, and selected soil chemical
properties are presented in Table 1. Except for avail-
able P and exchangeable K in SS, there are no signifi-
cant differences in soil parameters between the fields in
SGS and SS. However, there are significant differences
in sand, silt, total N, available P, and exchangeable K
contents between the fields in NGS. The sand content
is higher in compound fields than bush fields in NGS,
but silt, total N, available P, and exchangeable K con-
tents are higher in bush fields than compound fields.
In SS, available P and exchangeable P are higher in
compound fields than bush fields.

The soil parameters were grouped into various rat-
ings, and the proportions of the field types within each
rating are presented in Table 2. Soil texture varied from
sandy loam to clay in SGS and NGS and from loamy
sand to clay loam in SS. The soils were grouped using
clay contents into coarse (<180 g kg–1), medium (180–
350 g kg–1), and fine (>350 g kg–1) textures (FAO,
1974).

In NGS, most compound fields than bush fields
coarse textured as settlements were sited on coarse-
and medium-textured soils and bush fields were sited
on medium- to fine-textured soils (Bulama Tsahuyam,

Table 1 Crop yields, texture, and macro-nutrient variability in farmers’ fields in SGS, NGS, and SS in northeast Nigeria

Crop yields/soil
properties

SGS Probability
level

NGS Probability
level

SS Probability
levelCompound Bush Compound Bush Compound Bush

Maize (kg ha–1) 2442.2 2753.5 NS 2513.6 2549.6 NS 2240.8 1764.7 NS
Soybean (kg ha–1) 1798.8 2527.0 P < 0.05 1701.2 1906.4 NS 1816.3 1553.0 NS
Sand (g kg–1) 271.5 287.1 NS 463.8 330.4 P < 0.01 465.6 455.7 NS
Silt (g kg–1) 380.0 379.8 NS 264.3 381.3 P < 0.01 387.5 375.0 NS
Clay (g kg–1) 344.5 333.5 NS 272.0 289.4 NS 146.9 169.3 NS
pH 6.40 6.33 NS 6.48 6.42 NS 6.65 7.41 NS
Organic C

(g kg–1)
12.1 10.9 NS 9.2 12.6 NS 8.9 8.2 NS

Total N (g kg–1) 1.6 1.5 NS 1.5 1.9 P < 0.05 1.5 1.5 NS
Available P

(mg kg–1)
4.24 4.65 NS 4.70 3.68 P < 0.01 2.51 1.49 P < 0.05

Exchangeable K
(cmol kg–1)

0.60 0.58 NS 0.54 0.68 P < 0.05 0.61 0.44 P < 0.05

NS, not significant
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Table 2 Proportions (%) of field types and their physical and chemical status

SGS NGS SS

Soil properties Compound (25) Bush (25) Compound (21) Bush (33) Compound (18) Bush (15)

Coarse texture (<180 g kg–1 clay) 4.0 8.0 23.8 3.0 66.7 33.3
Medium texture (180–350 g kg–1 clay) 48.0 40.0 47.6 81.8 33.0 60.0
Fine texture (>350 g kg–1 clay) 48.0 52.0 28.6 15.2 0.00 6.7

pH
Strongly/moderately acidic (5.1–6.0) 16.0 20.0 33.3 30.3 22.2 40.0
Slightly acidic/neutral (6.1–7.3) 80.0 80.0 57.1 63.6 66.7 60.0
Slightly alkaline (7.4–7.8) 4.0 0.00 9.5 6.1 11.1 0.00

Organic carbon (g kg–1)
Very low/low (<10.5) 44.0 52.0 61.9 30.3 72.2 80.0
Moderate (10.5–15.0) 40.0 32.0 28.6 45.5 16.7 20.0
High/very high (>15.0) 16.0 16.0 9.5 24.2 11.1 0.00

Total N (g kg–1)
Very low/low(<1.0) 12.0 28.0 28.6 18.2 38.9 6.7
Moderate–medium (1.01–2.00) 60.0 52.0 47.6 42.4 33.3 73.3
Moderate–high (>2.01) 20.0 12.0 19.0 36.4 27.8 20.0

Available P (mg kg–1)
Low (<7.00) 80.0 68.0 90.5 100 94.4 100
Medium (7–20) 20.0 32.0 9.5 0.00 5.6 0.00

Exchangeable K (cmol kg–1)
Very low/low (<0.30) 8.0 4.0 9.5 3.0 16.7 6.7
Moderate (0.30–0.60) 52.0 56.0 66.7 51.5 44.4 86.6
High/very high (>0.60) 40.0 40.0 23.8 45.5 38.9 6.7

Personal Communication). The texture of fields in the
SS was coarser than that of those in the SGS and
NGS because of the nature of the parent materials from
which the soils were formed (Carroll and Klinkenberg,
1972). Texture is a stable soil parameter that cannot be
easily changed through agronomic practice. However,
in central Kenya, Murage et al. (2000) observed and
attributed differences in the chemical and biological
soil properties of productive and non-productive fields
within a farm to past soil management since sand and
clay contents did not vary between soil categories.

Soil Reaction

The pH range of both fields was variable in SGS
and SS but was strongly acidic to slightly alkaline
in NGS (overall range, 5.23–8.03). Across all zones,
over 57.1% of the fields were slightly acidic to neutral
in reaction. Most fields in SGS were in this cate-
gory than were those in NGS and SS. This was also
attributed to differences in parent materials (Carroll
and Klinkenberg, 1972). Most of the fields that were

strongly/moderately acidic were in NGS and SS. In
SS, most bush fields were strongly/moderately acidic
than compound fields because the use of ashes from
the household might have reduced acidity on the com-
pound fields. The moderately acidic to strongly acidic
soil reaction in some of the fields indicates fragility.

Organic Carbon

Organic carbon content range of both fields was vari-
able in SGS and NGS but was very low to high in SS
(overall range 2.2–23.6 g kg–1). Organic C was very
low to low in over 52% of the fields except compound
fields in SGS and bush fields in NGS. The compound
fields in NGS and fields in SS were more depleted in
organic carbon partly because less rainfall and reduced
vegetation cover resulted in a lower biomass produc-
tion and a lower rate of addition of organic residues
(Kwari et al., 1999).

Also, crop residues are burned or removed from the
farmland for other uses (Kwari and Batey, 1991). Most
fields in SS contained low organic carbon than did
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those in NGS because organic matter decayed faster
as the soils in SS were mostly medium and coarse
textured. The variation in organic carbon between the
fields was not as clear as reported by Prudencio (1993),
who observed that soil C varied at farm level from
2.0 g kg–1 in bush fields to 22.0 g kg–1 in homestead
fields in two agro-climatic zones of the Mossi plateau
in Burkina Faso.

Total Nitrogen

The range of total N in both fields (0.14–4.90 g kg–1)
was variable in all zones. Total N was moderate to
medium in over 47.6% of the fields, except for bush
fields in NGS and compound fields in SS. In western
Kenya, Vanlauwe et al. (2006) observed different lev-
els of soil fertility status for different fields within a
farm, and total soil N decreased with the distance from
the homestead (from 1.3 to 1.06 g kg–1).

Most compound fields contained low total N than
did bush fields in NGS and SS but the reverse in SGS
possibly because continuous cropping leads to removal
of N by crops. Bush fields in SGS are cultivated rela-
tively more intensively than in NGS and SS because
there is limited cultivable land due to the hilly/rocky
nature of the terrain in the zone. This has serious
implications for sustainable crop production since N
is taken up by crops in greater quantities and limits
crop production more than any other nutrient. To sus-
tain crop growth, N needs to be applied yearly (Giller
et al., 1997) and N sources are too expensive for the
resource-poor farmers in the study area.

Available Phosphorus

Available P (range 0.30–11.30 mg kg–1) was deficient
in all fields. Vanlauwe et al. (2006) in western Kenya
observed that Olsen-P decreased from 10.5 to 2.3 mg
kg–1 with the distance from the homestead showing
different soil fertility status for fields within a farm.
The poor soil P status in the fields in SGS and NGS
could be attributed to high P sorption due to high levels
of Fe and Mn (Kwari et al., 1999). The low geologi-
cal and organic P resources due to low organic matter
and the sandy nature of the parent material from which
the soils were derived could account for the deficient P
status in fields in SS. During a pilot study in the area, a

lack of response to P by crops was observed. Kwari and
Batey (1991) and Smithson and Giller (2002) reported
that P deficiency and/or severe P fixation are likely in
acidic soils dominated by 1:1 clay minerals.

Since some legumes are capable of dissolving less
available soil P sources, careful selection of crops
that tolerate low soil P could increase P efficiency.
Placement close to the seeds or crops to reduce the
contact between fertilizer and soil could also improve
P efficiency in such soils since P has a high affinity
for soil constituents, is less mobile in the soil, and is
required for early plant growth.

Exchangeable Potassium

Exchangeable K (range 0.15–1.79 cmol kg–1) was
moderate in over 51.5% of the fields except for com-
pound fields in SS, suggesting adequate soil K. This
agrees with Rayar (1988), who reported that non-
intensive crop production in northern Nigeria may not
be limited by K as farmers apply NPK fertilizers and
root/tuber crops are not the major crops grown in the
area.

Crop Yields

The yields of maize and soybean on farmers’ fields are
summarized (Table 3). Except for soybean yields in
SGS, there are no significant differences in crop yields
between the fields in all the zones. When disaggregated
according to types of fields, the maize yields were 11%
higher in bush fields than in compound fields in SGS
and equal in NGS and 21% higher in compound fields
than in bush fields in SS. The soybean yields were
29% higher in bush fields than in compound fields in
SGS and 11% higher in NGS, but soybean yields were
14.5% higher in compound fields than in bush fields in
SS. Across all fields, crop yields were higher in SGS
and NGS than in SS.

The grain yields of maize and soybean from the
bush fields in SGS and NGS were higher than those
from compound fields, though there were no signifi-
cant differences in soil parameters between the fields
in SGS, and only small differences in NGS (Table 1).
Other factors probably related to soil physical condi-
tion may explain the differences in yields between the
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Table 3 Multiple regression
of selected soil parameters
with soybean and maize grain
yields

Soil variables Parameter estimates Standard error T value Pr > t

SGS/soybean bush fields
pH 5248.26 1377.49 3.81 0.0005
Organic C 3619.66 1285.67 2.82 0.0079

SGS/soybean compound fields
Sand 101.35 24.27 4.18 0.0002
Silt 82.64 25.75 3.21 0.0030
Clay 108.28 24.93 4.34 0.0001
Available P 61.86 27.81 2.22 0.0333
Exchangeable K 1756.26 248.09 7.08 <0.0001

NGS/soybean bush fields
Clay 469.50 227.00 2.07 0.0438
Total N 3505.08 1112.68 3.15 0.0028
Available P 162.07 62.20 2.61 0.0120

NGS/maize compound fields
Sand 81.72 30.56 2.67 0.0123
Silt 126.30 48.13 2.62 0.0137

SS/maize bush fields
Organic C 3594.69 1032.78 3.48 0.0029
Available P 633.04 174.76 3.62 0.0021
Exchangeable K 11341 2598.21 4.36 0.0004

SS/maize compound fields
Organic C 3461.56 1025.41 3.38 0.0032

fields. The lower crop yields in SS than in SGS and
NGS could be due to low productivity because of lower
rainfall and water retention, and low fertilizer use effi-
ciency since the soils were mainly coarse textured and
contained low levels of organic matter.

In SS, mean crop yields were higher in com-
pound fields than in bush fields because of widespread
use of organic manure on the compound fields.
Soil acidity (40.0% of the bush fields in SS were
strongly/moderately acidic) could also explain this
observation. Carsky et al. (1998) recorded the highest
yields of maize (approximately 4 t ha–1) on fields near
the homestead (compound fields) where organic car-
bon values were 2.0–2.5% in the NGS of Nigeria and
Vanlauwe et al. (2006) reported that maize grain yields
decreased from 2.59 t ha–1 in homestead fields to 1.59
t ha–1 in distant fields in western Kenya, reflecting
variable soil fertility status for fields within a farm.

Relationship Between Crop Yields
and Soil Parameters

The multiple regression analysis relating soybean and
maize yields with soil parameters is presented in

Table 3. Soybean yield in SGS was a function of
sand (P = 0.0002) and silt (P = 0.0030) contents in
compound fields. Clay content significantly influenced
soybean grain yield in compound fields in SGS (P =
0.0001) and bush fields in NGS (P = 0.0438). Soil
pH significantly influenced soybean grain yield only in
bush fields in SGS (P = 0.0005). Soybean yield was a
function of organic carbon in bush fields (P = 0.0079)
in SGS. Exchangeable K was related to soybean yield
in compound fields in SGS (P ≤ 0.0001). Total N had a
significant effect on soybean grain yield in bush fields
in NGS (P = 0.0028). The yield of soybean was related
to available P in compound fields in SGS (P = 0.0333)
and bush fields in NGS (P = 0.0120).

Maize yield in NGS was a function of sand (P =
0.0123) and silt (P = 0.0137) contents in compound
fields. Maize yield in SS was a function of organic
carbon in bush fields (P = 0.0029) and compound
fields (P = 0.0032).The yield of maize was related to
available P in bush fields in SS (P = 0.0021) despite
its deficient status. Exchangeable K was an impor-
tant variable for maize grain yields in bush fields in
SS (P = 0.0004). The yields of maize and soybean
were related to sand and silt contents (Table 3), maybe
because the crops grow well on different soil types,
provided these are deep and well drained; soils used
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for maize production are suitable for soybean (Javaheri
and Baudoin, 2001). Clay content significantly influ-
enced soybean grain yield in compound fields in SGS
(P = 0.0001) and bush fields in NGS (P = 0.0438),
probably because soybean, as compared with other
legumes, is relatively tolerant to temporary water log-
ging. Soil pH was related to soybean yields in bush
fields in SGS (P = 0.0005), probably because the avail-
ability of nutrients such as Ca, Mg, K, and Mo to soy-
bean depends on soil pH (Javaheri and Baudoin, 2001).
Also N2 fixation by soybean is affected by soil pH.

Organic carbon was related to soybean yields in
bush fields in SGS and maize yields in fields in SS,
probably because organic matter is a reservoir of soil
nutrients and soil nutrients are better utilized for higher
grain yields of crops. Organic matter also improves
the nutrient use efficiency of applied fertilizer and
increases crop yields through the enhanced availabil-
ity of soil water (Ramamurthy and Shivashankar, 1996;
Vanlauwe et al., 2001). Maize requires good nutri-
ent and water availability (Carsky et al., 1998). Maize
is known to be susceptible to drought during flow-
ering and the first weeks of grain filling (Heisey
and Edmeades, 1999). However, Carsky et al. (1998)
reported that soil organic carbon was not related to
maize yield in NGS of Nigeria because farmers applied
variable amounts of fertilizers and manure and the
maize crop was managed in diverse ways. The signif-
icant effect of total N on soybean yields in bush fields
in NGS suggests that though soybean can obtain up to
85% of its N requirement through biological N2 fixa-
tion, a starter amount may be essential if the N status
of the soil is low (Javaheri and Baudoin, 2001).

The yield of soybean was related to available P in
compound fields in SGS (P = 0.0333) and bush fields
in NGS (P = 0.0120), while the yield of maize was
related to available P in bush fields in SS (P = 0.0021).
This suggests that P is an important nutrient for crop
production in northern Nigeria (Vanlauwe et al., 2002).
Phosphorus is required by soybean for root develop-
ment and N2 fixation (Danso, 1992). It was reported
that four soybean genotypes responded to P application
at 20 kg ha–1 (PROSAB, 2006).

Despite the moderate K status, it was an important
variable for soybean grain yield in compound fields
in SGS (P ≤ 0.0001) and for maize grain yields in
bush fields in SS (P = 0.0004) because soybean, in
particular, removes much more K from the soil than did
many other crops. Javaheri and Baudoin (2001) stated
that 2.5 t ha–1 soybean consumes 45 kg K2O compared
with 5 t ha–1 of maize that consumes 35 kg K2O.

Conclusions

The soil test results showed some variability in soil
fertility parameters in the compound and bush fields
in the zones. Variability in field soil fertility status
in a farm influences the efficiency of resource use to
increase crop yields and needs to be taken into account
when prioritizing and targeting recommendations for
farmers. The preferential use of resources where they
are most profitable could improve productivity. The
multiple regression results showed some differences
between soybean and maize. Organic C was a deter-
minant of soybean yield in bush fields in SGS and
of maize yield in compound and bush fields in SS.
Available P was a determinant of soybean yield in com-
pound fields in SGS and in bush fields in NGS and of
maize yields in bush fields in SS. Sand, silt, clay, and
exchangeable K were two-time determinants and pH
and total N were one-time determinants of soybean or
maize yields. The addition of organic inputs (such as
animal manure, compost, household waste/municipal
refuse, and mulching with crop residues) to raise
organic C, the application of inorganic fertilizer, espe-
cially P, and crop rotation using improved varieties
of maize and soybean to improve P availability but
targeted to the specific fields are recommended.
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