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Abstract

Simple and affordable soil fertility ratings are essential, particularly for the resource-
constrained farmers in sub-Saharan Africa (SSA) in planning and implementing
prudent interventions. A study was conducted on Ferralsols in Uganda, to evaluate
farmer-field-based soil fertility assessment procedures, hereafter referred to as farmer’5

field experiences (FFE), for ease of use (simplicity) and precision, against more formal
scientific quantitative ratings using soil organic carbon (SQR-SOC). A total of 30 fields
were investigated and rated using both approaches, as low, medium and high in terms
of soil fertility, with maize as the test crop. Based on maize yield, both rating techniques
were fairly precise in delineating soil fertility classes, though the FFE approach showed10

mixed responses. Soil organic carbon in the top soil (0–15 cm) was exceptionally
influential, explaining > 70 % in yield variance. Each unit rise in SOC concentration
resulted in 966–1223 kgha−1 yield gain. The FFE approach was effective in identifying
low fertility fields, which was coherent with the fields categorized as low (SOC < 1.2 %).
Beyond this level, its precision can be remarkably increased when supplemented with15

the SOC procedure.

1 Introduction

Soil fertility assessment is crucial for effective land resource management as well as
ensuring sustainable agricultural productivity and environmental health (Andrews et al.,
2004; African Fertilizer Summit, 2006). Most developed countries are privileged to20

possess comprehensive, sophisticated and easily accessible laboratory facilities for
their farming communities. The reverse is true for the bulk of farming communities
in sub-Saharan Africa, where soil degradation has reached unprecedented levels
(African Agriculture Status Report, 2013), yet soil fertility assessment is nearly
inconceivable, owing to limited, yet costly laboratory services available. Consequently,25

food insecurity and poverty levels are unmatched with worldwide statistics. More than
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80 % of the soils in Africa have physical and chemical fertility limitations to viable
agriculture (Lal, 2006). Soil fertility in small-holder farming systems in SSA has been
characterized by heterogeneity, especially in continuously cultivated fields (Ebanyat,
2009; Tittonell et al., 2007) Therefore, availability of more effective farmer-based
assessment procedures is imperative to be able to achieve prompt, cost effective and5

user-friendly results, culminating into effective land-use planning.
Several farmer-based soil productivity assessment techniques have been

documented in the SSA; the main ones being; use of local famer field experiences, with
or without the support of experienced neighbors or front-line workers (Payton et al.,
2003; Tesfahunegn et al., 2011); use of GIS technology with infrared spectroscopy10

for rapid soil analysis (Shepherd et al., 2003); use of soil test kits and use of visual
plant deficiency symptoms for rapid fertility assessment (Sanginga and Woomer, 2009).
Simple soil fertility ratings using farmers’ field experiences (FFE) seems to hold the
greatest promise for predicting soil productivity based on reports from elsewhere
(Karltun et al., 2013; Talawar and Rhoades, 1998; Tesfahunegn et al., 2011). The15

procedure is affordable, rapid and simple to use since it is based on community
indigenous knowledge (Corbeels et al., 2000; Payton et al., 2003; Schoonmaker
Freudenberger, 1994). However, this procedure still requires formal precision valuation
and refinement against conventional scientific qualitative assessments if it is to achieve
reproducible results and provide effective recommendations to guide soil fertility and20

judicious nutrient management for sustainable crop production.
Soil organic carbon (SOC) is a more modern, fairly reliable and yet field-based

procedure (Carter et al., 2003; Lal, 2006) for assessing soil fertility and yield,
which could be benchmarked for correlation studies designed for validating the
FFE procedure. Its potential application as a single indicator (SOC) can save25

farmers collosal of sums of money, compared to complete soil fertility assessment
which includes chemical (pH, SOC, active organic matter, electrical conductivity,
total nitrogen, phosphorus and potassium); physical (texture, bulk density, soil depth
and water holding capacity); biological (microbial biomass, mineralisable N, specific
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respiration and macro-organisms) datasets (Doran and Parkin, 1996). The theoretical
basis for SOC is that its high concentration is often associated with high fertility
and yield, and the contrary is true for soils with low concentrations (Ebanyat, 2009;
Mtambanengwe and Mapfumo, 2005; Musinguzi et al., 2013; Zingore et al., 2007).
However, some scientists have contested the exclusive adequacy of SOC for the5

characterization of soil fertility, particularly based on crop yield (Tittonell et al., 2008).
These schools of thought notwithstanding, there is a general consensus that the SOC
technique is wholesome in integrating physical, chemical and biological processes in
the soil (Carter, 2002); thus having an edge over the alternative soil fertility assessment
procedures. Nonetheless, information on its precision in assessing soil fertility remains10

very scanty and debatable, particularly on its contribution to subsequent yield variance
under soil conditions that are non-limiting in phosphorus and potassium. The objective
of this study was to assess the reliability of the FFE and SQR-SOC procedures as
instruments for soil fertility rating and yield prediction on a Ferralsol.

2 Materials and method15

2.1 Study area and research approach

This study was conducted in Lwamata sub-county, Kiboga district in Central Uganda,
in a Wooden Savanna agro-ecological zone (Wortmann and Eledu, 1999). The area is
located at 1100–1400 ma.s.l., with a mean annual temperature of about 25 ◦C. Total
annual rainfall ranges from about 1000–1400 mm, and is distributed in a bi-modal20

pattern (Fig. 1). Soils in this area are classified as Ferralsol (IUSS Working Group,
2006), characterized by may soil fertility limitations.

The study involved two parishes, namely, Ssinde and Buninga, selected through
farmers and other stakeholder consensus. The sites in Ssinde and Buninga
have altitude ranging 1206–1250 and 1113–1158 ma.s.l., respectively. They lie25

at 0◦53′02.33′′N 31◦50′12.48′′ E for Ssinde and 0◦54′41.55′′N, 31◦49′52.52′′ E for
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Buninga. In Ssinde parish, Lwamirindo and Kagererekamu villages were selected while
in Buninga parish, Kikalaala and Kigatansi villages were selected.

Using the FFE approach, farmers used experiences on soil and crop performance
to score fields with different soil fertility ratings (Tesfaye et al., 2011). Together with the
local farmer group leaders, a set of criteria was developed to identify farmers with land5

suitable for the study. The criteria included willingness to provide land for the study,
household leaders of not less than 40 years old, and with working experience on soil
fertility issues. Farmers aged 40 years and above were believed to have experience
in identifying poor and good fields. Local leaders in each village made a list of 15
farmers with fields of low, medium and high fertility. From this list, only 8 farmers were10

randomly selected from the stratified fertility categories. Consequently, a total of 32
farmers from the four villages were recommended and a formal meeting was held to
introduce the profiles of the research effort. A consensus on the criteria for rating soil
fertility was reached and fields were scored as low=1, medium=2 and high=3, using
the following criteria:15

Low/poor fertility category. Field with one or more of the following conditions;
low grain yields (< 1000 kgha−1), stunted plants, nutrient deficiency symptoms, light
colored and/or shallow soils, exposed sub-soil, poor tilth (compacted) and very low
water holding capacity.

Medium fertility category. Fields with one or more of the following conditions;20

moderate maize grain yield (at least within the range of 1000–2000 kgha−1), moderate
growth vigor, mild to no nutrient deficiency symptoms; slightly darkish and deep soils,
moderate in tilth (less compacted), moderate water holding capacity and less evidence
of erosion.

High/good fertility category. Fields with one or more of the following conditions; high25

maize grain yield (> 2000 kgha−1), high biomass, high growth vigour, good health (dark
green, tall, large plant parts), and with soil that is very dark coloured, deep, with good
tilth (not compacted), high water holding capacity, and no evidence of erosion.
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Field rating for soil fertility was conducted by each farmer following the set criteria.
Farmers identified an extra field (about 20 m from season 1 fields) for the second
season experiments and accordingly rated its fertility. On-site visits to each proposed
farmer’s field was made for ground truthing and initial sampling was done for quick
laboratory tests for SOC and silt+ clay, so as to guide the study within the Ferrallitic5

properties. Slope gradient was measured using a clinometer, while other field attributes
such as slope position, land use and cultivation history were obtained by field
observation and probing information from farmers. On average, about 80 % of high and
medium fields were located in the middle slope position, and 60 % of low fertility fields
were located on the upper slope position. Slope gradient in all fields measured 5–16 %.10

All fields were opened for cultivation in the last 20–40 years and are often prepared
manually with a hand-hoe. After the ground truthing process and characterization,
only 15 farmers were finally willing to continue with the research trials; 8 farmers (16
experimental fields) in Ssinde parish and 7 (14 experimental fields) in Buninga parish,
making a total of 30 experimental fields for the two seasons. For FFE, a total of 1415

fields were rated as high, 6 as medium and 10 as low in fertility.
The second approach to soil fertility rating was the Scientific quantitative rating with

SOC (SQR-SOC). This included soil sampling, laboratory analysis and participatory
fertility rating. Four soil sub-samples from each selected farmers’ site were collected
from 0–15 (upper soil layer – USL) and 15–30 cm (lower soil layer – LSL) using20

an auger. The soil was thoroughly mixed and quarter-sampled prior to taking
composite samples for laboratory analyses. Soil texture, pH, Bray 1 extractable P,
and exchangeable bases (K+, Mg2+, Ca2+, Na+) were determined (Anderson and
Ingram, 1993; Okalebo et al., 2002). Soil organic carbon was determined using the wet
combustion technique (Walkey and Black, 1934) while total nitrogen was determined25

using the Kjeldahl distillation and back-titration method, at Makerere University Soil
and Plant analytical laboratory. Using SOC concentrations of the top soil (0–15 cm)
obtained from the laboratory tests, soils were rated into low, medium and high fertility
categories, on assertion that its role in determining nutrient and water holding capacity,
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improving structure, drainage, aeration, tilth and overall soil health, is undisputable
as a good surrogate for soil fertility (Carter et al., 2003; Vanlauwe et al., 2007). Soil
organic carbon concentrations in all sampled field ranged from 0.75 to 2.45 %. These
were categorized into < 1.2 % (low), 1.2–1.7 % (medium) and > 1.7 % SOC (high). The
rating was done in reference to the national threshold value of 1.74 % SOC (3 % soil5

organic matter) which is recommended as the critical concentration for sustainable crop
production in low-input tropical soils (Okalebo et al., 2002; Ssali and Vlek, 2002). An
equal number of fields (n = 10) were rated under low, medium and high fertility.

Subsequently, a formal meeting was held with farmers and the SQR-SOC approach
was introduced. Using SOC as a simple and affordable quantitative method, and its10

associated effects on the physical, chemical, biological soil conditions which affect
nutrient and water availability was well explained to the farmers. A demonstration on
using SOC concentrations to rate soil fertility was conducted with the farmers. The
need to apply P and K fertilizer to ameliorate key fertility limitations in a Ferralsol was
emphasized.15

2.2 Field experimental lay out and management

Maize (Longe 5 variety), was grown for two cropping seasons (March–May long rains
and September–November short rains of 2010), on 30 farmers’ fields. Experiments
were laid out in a factorial, with a “superimposed” split-plot type of arrangement in
a randomized complete block design (RCBD) with farmers’ fields as replicates. Each20

field, rated using FFE and SQR-SOC, was used as a replicate for each of the three
categories of low, medium and high (Nokoe, 1992). For this study, we considered
only the control plots without N application, but with P and K applications, although
other sub-plots in the whole trial included nitrogen fertilizer treatments at rates of
25, 50 and 100 kgNha−1. Phosphorus (25 kgha−1) and K (60 kgha−1) fertilizers were25

sourced from Triple Super Phosphate and Muriate of Potash, respectively. Phosphorus
fertilizer was applied wholly at planting, and it was placed in planting holes (localised
placement) so as to ease access of the P fertilizer by the developing maize roots.
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Potassium-based fertilizers were split applied at planting and after four weeks after
planting, by surface broadcasting and incorporation into the soil with a hoe to a depth
of approximately 5 cm. Sowing was done by hand and at about 6–8 cm soil depth at the
recommended spacing of 75 cm inter-row and 25 cm intra-row, resulting in a population
of about 53 300 plantsha−1. Weeding was done twice during the growing period using5

a hand hoe. There was no evidence of pests and diseases and therefore no pesticides
were applied. At the end of each of the seasons, the plants were harvested in six
central rows, leaving one guard rows on either sides of each plot. Total biomass and
grain yield were determined on a dry weight basis after sun drying for about 15 days.
Grain and stover were sub-sampled and oven-dried at 70 ◦C. The oven-dried weight10

was later on used to adjust both the grain and stover yield to a water content of
140 gkg−1. Differences in soil fertility rating under the two approaches formed the basis
for comparing how maize yield responded, under P and K non-limiting conditions in
a Ferralsol.

2.3 Data analysis15

Using GenStat software (13th version), an exploratory analysis of soil parameters
and yield data was initially conducted and variables checked for normality using the
Shapiro–Wilk test. Parameters with value p < 0.05 were log-transformed with log(X+1)
before proceeding to the next statistical procedure. All soil properties categorized under
the SQR-SOC approach in the USL and LSL were tested using Analysis of Variance20

(ANOVA) and each property was compared using LSD at 5 % level of significance.
In order to cater for the random effects of farmers’ sites, a linear mixed model,
using GenStat Restricted Maximum likelihood (REML) algorithms directive was applied
(Caliński et al., 2005). The RELM model was also preferred because of the imbalance
in the number of replicates associated with each of the fertility rating approaches. It25

has robust prediction algorithm to analyse such unbalanced designs. For this study,
only yield comparisons from the control (without N rates) were considered for each soil
fertility rating approach. The Fixed model terms included the seasons, the fertility rating
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approach and their interactions (constant+ seasons+ soil fertility rating+ seasons×
soil fertility rating); while the random model comprised the farmer sites. Means were
generated for the seasons, each rating approach and their interactions and these were
separated using the Fisher’ Least Significant Difference at ≤ 0.05.

In order to establish relationships between yield, SOC and other soil properties5

from USL and MSL, multivariate statistical modeling was applied instead of multiple
regression models because it considers components of multi-colinearity. A partial least
squares (PLS) regression model was used. The PLS regression model guided in
the creation of a latent variable model from which all soil properties that influence
yield are combined so that it establishes maximum explanation of variation in yield10

(Esposito Vinzi et al., 2010). Simple linear regressions were constructed to evaluate
the relationships between maize yield and soil organic carbon.

3 Results

3.1 Yield patterns in fields rated using farmer field experiences and soil
organic carbon15

From the analysis, Ferralsols expressed considerably high fertility variability, which
was clear after categorizing the fields using SOC concentrations. However, some soil
properties such as pH, Bray 1 extractable P, exchangeable K+, Ca2+, and silt and clay
were not significantly different in the top soil (0–15 cm) (p > 0.05). In the lower soil layer,
only Na+ and clay registered little variations, but pH and silt significantly increased20

with fertility (Table 1). Total SOC and total N consistently significantly increased
with soil fertility in both soil depths (p < 0.05), registering almost double increase in
concentration in high fertility as compared to the control. Irrespective of soil depth,
Bray 1 extractable P was generally low, far below the critical concentration of 15 gkg−1

designated for tropical soils (Okalebo et al., 2002) (Table 1).25
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The RELM test for fixed effects demonstrated that both soil fertility ratings, that is,
the FFE and SQR-SOC are reliable and can predict yield. Both approaches registered
significant yield differences in the rated fields (p < 0.05). The seasons did not result
in significant yield differences, whereas the interactions with each soil fertility rating
method were significant. Grain yield was not significantly different in medium and high5

fertility under FFE (Table 2). Few farmers were competent in identifying medium fertility
fields, but majority ably identified low and high soil fertility.

3.2 Reliability of SOC and selected soil parameters in predicting yield

The three PLS model (1st, 2nd and 3rd) components defined the direction of different
soil properties that exhibited the greatest variations (Table 3). The three components10

(1st, 2nd and 3rd) registered SOC (77.2 %), Mg2+ (75.5 %) and clay (67.9 %) in the
top soil (0–15 cm), while the mean concentrations from 0–15 and 15–30 cm had high
variations registered with both clay and silt (99 %), Ca2+ (92.3) and SOC (72.2 %). The
last three components (6th, 7th and 8th) were associated with the least variations,
much evident with pH and Na+. Soil organic carbon and clay were consistently15

influential in both soil layers. This was also reflected in the 1st, 2nd, and 3rd PLS
components, that explained yield variance of 78.1 % in the top soil and 71.9 % for the
mean concentrations, respectively.

Linear regression showed significant relationship among the different variables
(biomass, grain yield and SOC concentrations) (p < 0.05). The linear model fittings20

explained grain yield variability due to SOC, which accounted for 60.21 % in the
top soil (Fig. 2). The linear regression fitted model resulted in 966 kgha−1 yield-
gain per unit increase in SOC for USL and about 1223 kgha−1 yield-gain per unit
increase in total SOC considering the MSL (Fig. 2). Similar trends were obtained for
biomass, registering 3022 kgha−1 gains in the top soil and 2971 kgha−1 gain for mean25

concentrations, for every unit change in SOC.
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4 Discussion

4.1 Yield patterns in fields rated using farmer field experiences and soil
organic carbon

The soil properties in upper and lower soil layers agree with Ferrallitic properties (IUSS
working group, 2006). Total SOC and N in both soil layers were consistently sufficient5

to pinpoint soil fertility categories and yield patterns perceived by the tropical farmers,
although pH, Bray 1 extractable P, exchangeable K+, Ca2+, and texture, varied little
in the top soil (Table 1). In contrast, the lower soil layer exhibited change in the
concentration pattern for the majority of parameters (pH, total N, Bray 1 extractable
P, exchangeable K+, Ca2+, Mg2+ and silt). This can be attributed to the selective10

transporting of fine materials, arising from continuous soil tillage or organic input
applications. The small changes in clay and silt content with soil fertility express
the typical nature of sandy loam Kaolinitic Ferralsols (IUSS Working Group, 2006).
The influence of SOC on soil properties appeared strong in the lower soil depth,
which clearly denotes it as a critical factor in explaining field heterogeneity reported15

in tropical soils (Ebanyat, 2009; Tittonell et al., 2008). The concurrent increase in
clay and SOC with fertility agrees with findings by Feller and Beare (1997), who
also reported a positive relationship between clay content and SOC for soil with low
activity clay, basically due to increased adsoption sites on the clay mineral surface.
Our results illustrate the importance of SOC in influencing soil functions and chemical20

fertility, notwithstanding the inherently low Bray 1 extractable P and pH associated
with Ferralsols. This provides a benchmark to reflect on simple rating options that are
feasible for farmers.

The significant yield differences in soil fertility rating approaches (FFE and SQR-
SOC) is a promising insight to improving the challenges of soil fertility management25

among resource constrained small-scale famers (Table 2). Soil fertility corroborated
with maize grain yield, irrespective of the rating approaches, suggesting that farmers
can easily identify niches of soil fertility in their farms (Tittonell et al., 2007). The
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capacity of farmers to identify low fertility ascribes to the tendency of most tropical
farmers to abandon fields that are believed to be unproductive and non-responsive
(Tittonell and Giller, 2013). The poor yield response in fields of low fertility suggested
that ideal soil organic carbon concentrations should not be below 1.2 %, since this
may be insufficient to support crop production in a favorable growing season (Fig. 1).5

The few farmers who rated medium fertility suggested some difficulty in clearly
differentiating such fields from the good field (Table 2). However, it also showed that the
six farmers were possibly more experienced and keen to the rating criterion that was
developed. Conversely, this is also a precaution that over-reliance on the FFE approach
can result in weak fertility judgment and inappropriate management interventions, and10

must be used with precaution. However, farmers’ capacity to clearly differentiate low
and high fertility fields cannot be underrated, and this is promising for rural land use
policies geared towards soil fertility improvement. The maize yield trends indicated
farmers’ ability to correctly judge soil fertility, with or without scientifically based
approaches. This agrees with findings in Ethiopia that observed farmers’ ingenuity in15

predicting soil fertility status based on experiences on crop yields, indicator plants, soil
color or even soil softness (Karltun et al., 2013; Tesfahunegn et al., 2014). For this
study, positive complementarities between indigenous and scientific knowledge can be
considered much more reliable in soil fertility rating to plan for measures to combat land
degradation (Tesfahunegn et al., 2011). Application of FFE using local knowledge alone20

is believed to be complex, multi-faceted with much experiential trial and error (Payton
et al., 2003), and backing the farmer knowledge with simple quantifiable scientific
indicators is important. The coherent ratings in low fertility fields in both approaches
can be instrumental in easily guiding generalized fertilizer application and fertility
restoration strategies (Bekunda et al., 2010; Musinguzi et al., 2014). The Integrated25

Soil Fertility Management approach, currently recommended in sub-Saharan Africa,
need to be implemented in low fertility fields to boost crop productivity (Musinguzi
et al., 2013; Vanlauwe and Zingore, 2011). For soils with medium and high fertility,
the study suggests that farmers require scientific backing with SOC to overcome
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uncertainty in identifying such fields (Negatu and Parikh, 1999; Tesfahunegn et al.,
2011). Although the FFE method is known to be rapid, simple, less costly, and with
relatively acceptable efficiency (Tesfahunegn et al., 2014), using SOC can increase
benefits such as confidence and reliability among tropical farmers. However, other
scientific approaches such as assessing nutrient status based upon the hierarchy of5

limiting nutrients should not be underestimated (Bekunda et al., 2010).

4.2 Reliability of SOC and selected soil properties in predicting yield

Soil organic carbon and clay were the most influential soil parameters resulting in
the greatest variations in soil and yield in a Ferralsol (Table 3). The contribution of
SOC and clay agrees with several studies that found close a relationship between10

SOC and clay content (Ebanyat, 2009; Feller and Beare, 1997). Total N was not so
influential on yield, contrary to the significant correlation with soil fertility (Table 1),
possibly because of the low mineralization potential associated with the soil, which
depends on SOC for sustainable productivity (Tiessen et al., 1994). Although the focus
of the study was on simple indicators, further analysis of C fractions such as particulate15

organic C would deepen the understanding of N cycling (Musinguzi et al., 2015). In the
context of texture, considerable variances in clay and silt in the mean concentrations
accounted for increased content with soil depth, possibly due to continuous cultivation
that selectively move silt or clay into the lower layer (Derpsch, 2008). The increase in
yield as influenced by SOC and clay was coherent with earlier studies (Tittonell et al.,20

2007). The findings present reasonably strong evidence on importance of SOC and
texture in soil fertility rating, although further studies on how other soil parameters such
as Al toxicity, micro-nutrients and other properties such as aggregation and structure
can be explored. The 1st, 2nd, and 3rd PLS components explained the yield variance
of 78.1 % in top soil and 71.9 % in the mean concentrations (Table 3), which again25

emphasized the consistence of SOC, among other soil properties, in yield prediction
irrespective of soil depth. The top soil and mean concentrations from the top and
lower soil layers resulted in high yield variance, indicating that both can reliably be

1249

http://www.solid-earth-discuss.net
http://www.solid-earth-discuss.net/7/1237/2015/sed-7-1237-2015-print.pdf
http://www.solid-earth-discuss.net/7/1237/2015/sed-7-1237-2015-discussion.html
http://creativecommons.org/licenses/by/3.0/


SED
7, 1237–1261, 2015

Precision of simple
soil fertility rating

approaches in
predicting crop yield

P. Musinguzi et al.

Title Page

Abstract Introduction

Conclusions References

Tables Figures

J I

J I

Back Close

Full Screen / Esc

Printer-friendly Version

Interactive Discussion

D
iscussion

P
aper

|
D

iscussion
P

aper
|

D
iscussion

P
aper

|
D

iscussion
P

aper
|

used in assessing soil fertility. Although Okalebo et al. (2002) recommends sampling
at a uniform depth of 0–15 or 0–20 cm, sampling to as deep as 0–30 cm expressed
fertility variability, and this could be better than relying on the top soil alone in field
heterogeneity assessment studies for maize production. Perceptions of farmers about
soil fertility “niches” and yield could be boosted with simple scientific options at an5

appropriate depth, although there are assertions that the identification of main nutrient
limitations to productivity have remained abstract to farmers (Tittonell et al., 2005).

High maize grain yield gains of 966 kgha−1 in the upper 0–15 cm, compared to
1223 kgha−1 per unit change of SOC for mean SOC concentrations (0–15 and 15–
30 cm) demonstrated the influence of soil depth in soil fertility and yield prediction.10

Mean concentrations of soil parameters registered high responsiveness and this may
be attributed to the high levels of silt + clay and particulate organic matter, which
influence nutrient availability and yield (Derpsch, 2008; Gregorich et al., 2006; Kapkiyai
et al., 1999; Thompson et al., 1991). Although the use of organic carbon fractions
is not affordable to resource constrained smallholder farmers, exploring their relative15

contributions to yield variability at different soil depth can be explored in future studies.
In line with our data, similar trends of linear maize yield increase with SOC have been
reported in Nigeria and Kenya (Kapkiyai et al., 1999; Lal, 1981). In a Kenyan Kikuyu
clay soil (Humic Nitisol) and a Nigerian Alfisol, 243 and 254 kgha−1 yield gains were
registered, respectively. Interestingly, this study registered triple yield gains per unit20

change in SOC in a Ferralsol. Application of phosphorus and potassium fertilizers could
have played a critical role to boost yield gains in a low P Ferralsol. Thus, high yield can
be obtained in medium to high fertility fields with SOC> 1.2 % without use of nitrogen
fertilizers.

Soil organic carbon from the top soil and the mean concentrations from top and25

lower layers can be commended as good fertility indicators, although it is also apparent
that the role of clay should not be ignored. For resource constrained farmers, testing
one parameter such as SOC in top soil is commendable, as an affordable fertility
assessment tool that can improve the decision making process to investing in soil
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management. The current cost of SOC analysis at the Makerere University’s soils
laboratory in Uganda, is about USD 2.5, as compared to USD 18.5 for the whole
spectrum of what is termed routine analysis which includes up to 9 major soil
parameters. As such, consideration of such a single indicator (SOC) can save a farmer
colossal sums of money associated with soil fertility assessment. However, using5

SOC must consider other factors that led to unexplained yield variances. In case of
significant anomalies evident on maize yield, detailed laboratory tests are inevitable.

5 Conclusions

Both the FFE and SQR-SOC soil fertility rating approaches consistently demonstrated
high capacity to predict maize yields in a Ferralsol. However, soil fertility rating based10

on scientific quantitative rating with SOC showed clearer yield responses than the
farmers’ field experiences approach. The later evidently showed mixed ratings for
medium and high soil fertility but both approaches corresponded well in rating poor
soils. The top soil (0–15 cm) and mean concentrations of SOC from top (0–15 cm) and
lower soil depth (15–30 cm) consistently influenced yield variations. Each unit increase15

in SOC concentration resulted in triple grain yield gains under P and K ameliorated soil
conditions, which is higher than what is reported in other studies in Africa. Although
most of the smallholder farmers cannot access phosphorus or even potassium, this
study demonstrated the novelty of using SOC, which best applies under minimal
nutrient limiting conditions. Using field experiences of resource poor farmers, coupled20

with simple but affordable scientific quantitative approaches such as SOC testing can
enhance farmers’ decision making in soil fertility improvement for maize production.
Scientific parameters such SOC can provide farmers added benefits such as increased
confidence, reliability and precision as compared to relying on experiences in soil
fertility evaluation.25
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Table 1. Mean values of soil properties in 0–15 and 15–30 cm soil depths for soil fertility
categories derived using SOC; low fertility (< 1.2 % SOC), medium fertility (1.2–1.7 % SOC) and
high SOC (> 1.7 %) for 30 sampled fields (n = 10 for each category) of a Ferralsol in Uganda.

pH Total Total Extractable Extractable
(H2O) SOC N P (Bray 1) K+ Na Ca2+ Mg2+ Silt Clay

% mgkg−1 cmol(+) kg−1 soil %

0–15 cm

Low fertility 5.54 0.98 0.14 5.3 0.22 0.073 3.89 1.43 12.5 21
Medium fertility 5.41 1.39 0.19 9.5 0.22 0.101 4.61 1.46 17.6 22
High fertility 5.72 1.94 0.20 11.3 0.34 0.106 5.01 1.94 16.8 24
LSD at 5 % 0.31 0.16 0.03 6.38 0.15 0.03 1.24 0.19 5.84 7.8

15–30 cm

Low fertility 5.42 1.12 0.10 4.32 0.19 0.080 4.11 1.42 13.6 21
Medium fertility 5.54 1.41 0.12 8.34 0.33 0.103 4.98 2.01 18.1 24
High fertility 5.72 2.11 0.24 12.5 0.38 0.105 5.62 2.14 19.9 26
LSD at 5 % 0.24 0.22 0.06 4.91 0.17 0.026 1.22 0.27 5.41 5.11

LSD= least significant difference fo comparing means.
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Table 2. Grain and biomass yield in differently rated fields using the farmers’ field experiences
and scientific quantitative rating with SOC approaches in a Ferralsol in Uganda.

Rating approaches Soil fertility Number of Grain Biomass
ratings (N = 30) fields scored yield yield

kgha−1

Farmer’ field experiences (FFE) Low 10 1113 6713
Medium 6 1675 8556
High 14 2042 8994
LSD at 5 % 369 1012

Scientific quantitative rating with SOC (SQR-SOC)
Low (< 1.2 % SOC) 10 1115 6121
Medium (1.2–1.7 % SOC) 10 1554 7421
High (> 1.7 % SOC) 10 2284 8100
LSD at 5 % 244.3 1233

LSD= least significant difference at 5 % level of significance.
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Table 3. Estimates of partial least square (PLS) percentage variances for soil parameters and
maize grain yield for 0–15 cm and mean concentration of soil properties from 0–15 and 15–
30 cm in a Ferralsol.

% of explained variance in grain yield

PLS components 1 2 3 4 5 6 7 8

0–15 cm 49.5 16.6 12 1.3 3.9 0.1 1.5 2.2
Mean concentrations (0–15 and 15–30) 67.3 2.6 2 1.3 3.5 0.4 1.9 0

% of explained variances in selected soil properties

Top soil (0–15 cm)
pH 4.4 9.3 9.4 2.2 63 11.7 0.0 0.0
Total SOC 9.1 68.1 10.1 6.8 0.4 5.5 0.0 0.0
Total N 5.8 51.7 4.3 7.8 3.6 10.0 15.5 1.4
Log (Na+) 0.8 0.2 0.0 2.3 3.4 0.4 11.4 81.5
Exchangeable Ca2+ 4.4 34.0 51.6 8.6 1.1 0.1 0.0 0.0
Log (Exchangeable Mg2+) 4.4 71.1 11.5 8.4 1.3 3.3 0.0 0.0
Silt 18.2 2.1 11.5 68.2 0.0 0.0 0.0 0.0
Clay 63.3 4.6 3.0 29.2 0.0 0.0 0.0 0.0

Mean concentrations (0–15 and 15–30 cm)
pH 0.3 4.1 3.0 33.5 12.2 46.8 0.0 0.0
Total SOC 72.9 0.2 4.1 0.0 22.1 0.6 0.0 0.0
Total N 58.9 0.8 8.3 0.9 18.9 2.0 8.4 1.8
Log (Na+) 0.2 1.9 8.2 1.5 1.4 8.0 17.9 60.8
Exchangeable Ca2+ 57.6 0.0 34.7 7.3 0.0 0.3 0.0 0.0
Log Exchangeable Mg2+ 42.9 0.2 22.4 28.4 0.1 5.9 0.0 0.0
Silt 93.1 3.8 2.3 0.7 0.0 0.1 0.0 0.0
Clay 18.4 80.4 1.1 0.1 0.0 0.0 0.0 0.0
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Figure 1. Daily and cumulative precipitation for 2010 for Kiboga district located in one of the
climatologically homogenous zones at the Uganda Meteorological Department.
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Figure 2. Relationship between maize grain yield and soil organic carbon in a Ferralsol of
Uganda.
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