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Background: There is a wide gap between actual and potential yields for many crops in Sub-Saharan 
Africa (SSA). Experts identify poor soil quality as a primary constraint to increased agricultural 
productivity. Therefore, increasing agricultural productivity by improving soil quality is seen as a viable 
strategy to enhance food security. Yet adoption rates of programs focused on improving soil quality 
have generally been lower than expected [1], [2]. 

Results: We explore a seldom considered factor that may limit farmers’ demand for improved soil 
quality, namely, whether the farmers’ self-assessment of their soil quality match the assessments of soil 
scientists. In this paper, using data from the Tanzania National Panel Survey (TZNPS), part of the Living 
Standards Measurement Study – Integrated Surveys on Agriculture (LSMS-ISA), we compare farmers’ 
own assessments of soil quality with scientific measurements of soil quality from the Harmonized 
World Soil Database (HWSD). The study found a considerable “mismatch” and most notably, that 
11.5 percent of survey households that reported having “good” soil quality are measured by scientific 
standards to have severely limited nutrient availability. 

Conclusion: Mismatches between scientific measurements and farmer assessments of soil quality 
may highlight a potential barrier for programs seeking to encourage farmers to adopt soil quality 
improvement activities.
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• Soil quality is fundamental to maintaining and increasing agricultural 
productivity.

• Scientific measurements of soil quality and farmer assessments 
differ.

• 33% of farmers do not see a soil quality constraint where soil 
scientists do.

• The variance of farmer assessments is smaller at smaller spatial 
scales.

• Spatial variances of scientific measurements differ less than those 
of farmers’.

• Differing assessments may contribute to low adoption of soil 
improvement projects.

The concept of a “yield gap” focuses attention on discrepancies 
between potential agricultural yields and actual yields of a given 
crop in a specific farming system. Across Sub-Saharan Africa (SSA), 
experts have estimated that small farms producing in the maize 
mixed farming system i have potential yields of between 5 and 10 t 
ha-1 but that typical farm yields range from 1-3 t ha-1 [3]. In Tanzania, 
potential maize yields are estimated at 2 t ha-1 but median farmers 
produce only 0.66 t ha-1 based on reported harvested plot yields [4]
ii. Figure 1 shows estimates of maize yield gaps in seven zones of 
Tanzania. An estimated 70 percent of households in Africa rely on 
agriculture as their primary source of income and subsistence, hence 
narrowing yield gaps has the potential to improve food security and 
reduce poverty [5].

Using panels of crop research and extension experts, a 2007 study 
by Gibbon and colleagues [3] ranked the relative contributions of 
abiotic, biotic, crop management, and socioeconomic constraints to 
yield gaps in several agricultural sub-systems throughout the world. 
The results of the expert panels concluded that low soil nitrogen, 
low soil fertility, and drought were the most common causes of 
reduced yields in the maize mixed subsystem in SSA. Combined, the 
soil quality constraints of low soil nitrogen and low soil fertility were 

estimated to be, by far, the greatest constraints limiting agricultural 
production in this subsystem.

Accordingly, many non-governmental and international organizations 
have implemented development projects directed at improving 
agricultural productivity and soil quality. Project activities range from 
encouraging increased inorganic fertilizer use to soil conservation 
and composting. For example, the World Bank and the Food and 
Agriculture Organization (FAO) of the United Nations launched the 
“Soil Fertility Initiative” (SFI) in 1996, to work towards country-specific 
plans to address declining soil fertility in SSA [6].

Many development programs to support soil improvement, 
however, have not been as successful as desired. In general, many 
development programs report lower than expected participation 
rates [1]. A review of 31 empirical studies attempting to identify the 
factors that explain variation in farmers’ adoption of soil conservation 
technologies revealed a variety of hypotheses. Commonly tested 
variables included education level, age, farm size, and land tenure 
status. The review found no consensus on the relationships among 
the explanatory variables, and concluded that a universal explanation 
for adoption was unlikely [2].Introduction

Research Highlights

Figure 1: Maize Yield Gaps by Zone in Tanzania

i Gibbon et al. (2007) define the maize mixed farming system as areas where 50% of the cultivated area is devoted to maize. This farming system also typically includes substantial 
cultivated area of cassava, sorghum, beans, groundnut, millet, and sweet potatoes.
ii Potential yields” can be defined based on theoretical yields, demonstration farm yields, or the 90th percentile of farm yields in a region. The SSA potential yield estimate from the 
Gibbon et al. (2007) study is a theoretical potential. The Tanzanian potential yield is based on the yield of the 90th percentile farm yield in Tanzania, as reported in the Tanzania National 
Panel Survey (TZNPS), part of the Living Standard Measurement Study – Integrated Survey on Agriculture (LSMS-ISA). Yields are recorded in the TZNPS based on the question “What 
was the quantity harvested?” Responses are converted from local units to kg.
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A reasonable requisite for adoption of any new technology is an 
awareness of the problem it addresses, or at least an expectation of a 
net benefit from its use [7], [8], and [9]. One possible explanation for 
lower than expected farmer participation in soil quality improvement 
projects is that farmers do not perceive soil quality as a primary 
constraint to greater productivity, and are therefore unlikely to adopt 
technologies or activities to improve it.

In this paper, we explore whether disparities between expert and 
farmer soil quality assessments exist, and whether they are a factor 
underlying low adoption rates – assuming farmers have access to 
appropriate technologies and techniques. Using data from the 
Tanzania National Panel Survey (TZNPS), part of the Living Standards 
Measurement Study – Integrated Surveys on Agriculture (LSMS-
ISA), comparisons are drawn between the farmers’ own assessments 
of soil quality and scientific measurements of soil quality from 
the Harmonized World Soil Data Base (HWSD)iii. It was found that 
farmers’ self-assessments of the quality of their soil generally do 
not correspond to expert measurements, and that there are large 
numbers of farmers who comparatively under-rate, or perhaps 
more importantly for explaining adoption, comparatively over-rate 
their soil quality. It is therefore hypothesized that the mismatch in 
soil quality assessments is driven by different standards in use by 
farmers and experts. While soil quality researchers may base soil 
quality assessments on comparisons with regional and international 
standards, many farmers may operate with a more limited knowledge 
of the comparative quality of their soil.

1.1. The Potential for Disparate Soil Quality Assessments

The few studies that compare farmers’ assessments of soil quality 
to assessments based on scientific measurements, including those 
conducted in Nepal, Ghana, and Kenya, have found that expert 
assessments and local farmer assessments generally align [9], (N=192 
farmers); [10], (N=68 households); [11], (N=331 households). These 
findings, however, are based on relatively smaller-scale studies that 
focus on one village or district. Perhaps importantly, both the farmers 
and scientists were working on a common scale, drawing samples 
from within the same spatial extent for these comparisons. Another 
small-scale study conducted in Burkina Faso found that farmer soil 
quality assessments matched with expert assessments. Over time, 
however, farmers were found to report soil quality changes and 
degradations that were not reflected in scientific measurements [12]
(N=54), suggesting potentially different conceptions and standards 
of soil quality Disparities between expert and farmer soil quality 
assessments, if they exist, can arise both from different conceptions 
of soil quality between soil scientists and farmers, and from different 
standards or baselines (temporal or spatial) against which each group 
measures quality. Accordingly, we first summarize the literature 

comparing how farmers and soil scientists conceive soil quality.

1.2. Conceptions of “Soil Quality”

Even among soil scientists, soil quality does not have a universal 
definition. Definitions of soil quality have evolved from a focus on 
yield potentials and nutrient levels to a focus on environmental 
quality, food safety, and human health [13] and [14]. A commonly 
cited definition from Doran and Parkin (1994) [15], describes soil 
quality as “the capacity of a soil to be functional, within the limits 
imposed by the ecosystem and land use, to preserve the biological 
productivity and environmental quality, and promote plant, animal 
and human health” [14]. However, this description is quite broad and 
open to many interpretations and measurements. 

Research suggests that farmers and soil scientists rely on different 
parameters and indicators in assessing soil quality. In comparing 
farmers’ soil quality assessments to researchers’ assessments, most 
authors note that the concept of soil quality is subjective from either 
perspective and that the parameters farmers and scientists identify 
as important vary [16]. Researchers consider farmer indicators to 
be holistic and soil scientist indicators to be more reductionist, but 
also find that some soil scientists have made a shift towards more 
holistic assessments of soil quality. In general, there is more variation 
in the indicators farmers use, and farmers also use more indicators 
than soil scientists. Figure 2 shows a comparison of the indicators 
commonly identified by these two groups based on a review of 
studies comparing farmer and scientist assessments [9], [10], [11], 
[14], [16], and [17].

Journal of Natural Resources and Development 2016; 06: 55 - 65DOI number: 10.5027/jnrd.v6i0.06

iii Throughout this paper, we use “HWSD measurements” to refer to expert assessments of soil quality collaboratively provided by the FAO, International Institute for Applied Systems 
Analysis (IIASA), ISRIC-World Soil Information, Institute of Soil Science, Chinese Academy of Sciences (ISSCAS), and the Joint Research Centre of the European Commission (JRC), and 
“TZNPS reported” to refer to the farmer assessments of soil quality recorded in the TZNPS. 

Figure 2: Comparison of Soil Science and Local Knowledge Soil 
Quality Indicators
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Given their different conceptions of soil quality, there is a potential 
for farmers and soil scientists to differ in their evaluations of whether 
a plot has “good” or “bad” soil quality. Farmers’ efforts to improve 
soil quality may therefore fall below researchers’ or scientists’ 
expectations. Particularly, where farmers estimate their soil quality to 
be higher than a soil scientist’s assessment, they may have a lower 
than expected interest in participating in soil-improving activities or 
using fertilizer. Though any individual farmer may assess a plot’s soil 
quality based on yield, there is no significant correlation between soil 
perceptions and estimated yields [18]. 

Working at the national scale in Tanzania, our study uses existing data 
on farmer and soil scientist assessments of soil quality to determine if 
there is a difference between assessments. Our goal is to contribute 
to the standard literature featuring prices and access of inputs, 
outputs and knowledge, and those that also consider biophysical 
constraints ([2], [18] and [19]) a potentially important additional factor 
that mitigates demand for soil-enhancing technologies: namely, that 
farmers do not similarly perceive soil quality as a primary constraint.

The study analyzes the nationally-representative household survey 
data from the TZNPS, linking them geospatially to the HWSD 
measurements, to compare farmer-reported assessments of soil 
quality to scientific measurements derived from the HWSD. The 
sample and these data are further described in Sections 2.2 and 2.3. 
Statistical analyses for these comparisons were performed using the 
survey package in R (http://r-survey.r-forge.r-project.org/survey/). 
The results summarized in Table 3, Table 5, Table 6 and Table 7 
were generated using a cross tabulation function which incorporates 
recommended TZNPS survey weights (svytable). Statistical differences 
across groups are tested using Pearson’s chi-squared statistics with 
Rao-Scott adjustments. A 95 percent confidence level was used to 
determine significance.

To explore the proposition that the resulting disparities are driven 
by different standards in use by farmers and soil scientists, we 
compare the variation in the TZNPS farmer assessments with the 
variation in the HWSD measurements at different spatial scales. A 
multilevel mixed-effects linear model is used to compare soil quality 
assessment variances. This analysis was performed using the lme4 
package in R (http://lme4.r-forge.r-project.org/). It is expected that 
there will be smaller differences in variance at different spatial scales 
for soil scientists than for farmers, as soil scientists are able to use 
comparatives which are standardized at a global level whereas 
farmers may only have local comparatives, such as their own plots or 

the plots of neighboring farmers. 

2.1. HWSD Measured Soil Quality

The measured soil quality estimates used in this study are categorical 
data from the Harmonized World Soils Database (HWSD). The HWSD 
links several global databases, and standardizes soil characteristics 
using geographic information systems (GIS) toolsiv. Characteristics in 
the HWSD include: organic carbon, pH, water storage capacity, soil 
depth, cation exchange capacity of the soilv and the clay fraction, 
total exchangeable nutrients, lime and gypsum content, sodium 
exchange percentage, salinity, textural class and granulometry [23]. 
These data are represented at a one-km resolution (30-arc second 
grid), creating a raster database with global coveragevi. Of the global 
data, the authors of the HWSD consider the reliability of the data in 
eastern Africa to be among the highest [23]. 

Using this database, the International Institute for Applied Systems 
Analysis (IIASA) and Food and Agriculture Organization (FAO) of 
the United Nations, as part of their work developing world agro-
ecological zones, have derived variables representing “key soil 
qualities” for crop production [24]. The authors selected maize as the 
reference crop for these variables based on its global importance and 
wide geographic distribution. They derive seven categorical variables 
based on key HWSD characteristics. As shown in Table 1, the soil 
quality variables are based on weighted averages of the HWSD soil 
characteristics listed in the right hand column of the table.

The nutrient availability variable (listed in the first row of Table 1) is 
used in this paper as the best representation of a “low soil fertility” 
constraint. The Gibbon et al. panel [1] judged low soil fertility to 
contribute most to yield gaps in the maize mixed production system 
in SSA. This variable is also a good representation of soil quality as it 
relates to “low-input farming”. Low-input farming systems minimize 
the use of off-farm resources relying instead on on-farm resources 
such as naturally-occurring soil nutrients [25]. The majority of the 
farmers in our sample are considered low-input farmers, with only 
9 percent of plots reported as receiving inorganic fertilizer (see 
summary statistics in Table 2).

2.2. TZNPS Farmer Assessments of Soil Quality

Farmer assessments of soil quality are drawn from the TZNPS. The 
TZNPS is a nationally-representative household panel survey that 
includes information on agricultural production, consumption 
expenditures, and several other socio-economic characteristics. It 
is part of the Living Standards Measurements Study – Integrated 
Surveys on Agriculture, an on-going research agenda of the World 
Bank, which generates household panel data for seven countries 

iv The HWSD stitches together existing soil maps, which are based on on-the-ground measurements
v The maximum quantity of total cations, of any class, that a soil is capable of holding, at a given pH value, it can be used as a measure of nutrient retention capacity.
vi A raster format is a grid or dot matrix GIS layer type, in which each pixel contains a value for a given variable.

2. Methods and Data
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in SSA. The agricultural questionnaire collects information about a 
household’s agricultural activities at the plot and crop levels. Plot 
details include agricultural practices, ownership status, use of organic 
or inorganic fertilizers, use of pesticides, and other inputs. The TZNPS 
includes 3,265 households within 410 enumeration areas in Tanzania 
that were surveyed between October 2008 and October 2009.

Our sample with complete data from this survey includes 1,744 
households for which HWSD data and a response to the survey 
questions are available. As summarized in Table 2, female household 
members headed approximately one-quarter of these households. 
The average age of household heads was approximately 46 years 
with an average of 6-years of education. The average household 
includes five members. Households farm on average two plots during 
the long rainy season; approximately 30 percent of households farm 
only one plot during the long rainy season while 70 percent farm 

more than one plot. Of these plots, approximately 83 percent were 
reported as owned or co-owned by households, though households 
held titles for only 9 percent.

Approximately 83 percent of farming households in Tanzania grow 
maize, though there are at least five distinct agroecological zones 
supporting a variety of farming systems throughout the country 
producing a diversity of other crops [4] and [20]. The majority of 
farming households are smallholders, farming less than three ha. 
Soils have been classified into volcanic soils, light sandy soils, soils 
of granite/gneiss origin, red soils, Ironstone soils, and mbuga black 
vertisols [20] and [21]. Estimates of soil quality vary throughout 
the country, but it is considered a major constraint to increased 
productivity in the most recent census by the Ministry of Agriculture 
[22].

Table 1: Measured Soil Quality Variables 

Table 2: Summary Statistics for Household Characteristics

(Fisher et al., 2008)
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As part of the TZNPS, participants were asked two specific soil quality 
questions:

•  How do you know the quality of your soil?

 Response options included: “Scientifically tested,” “Own  
 experience,” or “Other”.

•  What is the soil quality of this plot?

 Response options included: “Good,” “Average,” or “Bad”

2.3. Comparison of HWSD-Measured and TZNPS-Reported Soil 
Quality

Both the HWSD-measured data and the TZNPS-reported data are 
linked to geospatial coordinates allowing these two data sources 
to be matched at a household scale. While the HWSD-measured 
data are available as a one-km resolution raster coverage dataset, 
the TZNPS publicly-available data include averaged coordinate 
locations of households, and farmer soil quality assessments taken 
at the plot level. These spatial incongruities require some averaging 
assumptions.

First, the finest available location collected by the TZNPS is at the 
household level. For households with multiple plots, this requires 
aggregating reported soil quality assessments for each plot to a single 
assessment for the household. Our sample contains 1,232 households 
with multiple plots, of which 725 households reported different soil 
quality assessments on different plots. Of the farmers with multiple 
plots, approximately 60 percent have different assessments of soil 
quality on their different plots. To convert the plot-level assessment 
of each plot to a household-level variable we first used the closest 
plot to each household, as it is more closely located to the geo-
referenced household data and thus improves our accuracy. In cases 
where the household had plots of equal distances with different soil 
quality assessments, there is no opportunity to limit error based on 
geospatial considerations. In these cases, we used the largest plot’s 
recorded soil quality assessment, which captures the most common 
soil quality assessment by a given farmer. Where distance and size 
were equal, we used the median of the soil quality assessments and 
for eight households where this was not feasible we used the lowest 
reported soil quality.

A further challenge, as is common with publicly available geospatial 
survey data, is precisely matching the HWSD measured data to a 
specific plot. The TZNPS household locations have been averaged to 
protect survey respondents’ specific locations and identities. While 
this spatial averaging occurred after the HWSD data were merged, 
ensuring analysis using these data are not affected by the averaging, 
it limits us from linking any additional spatial data accurately. 
Location averaging also limits GIS analytical techniques beyond the 
approximate representation shown in Figure 3. As illustrated, HWSD 

soil quality measurements of soil nutrient availability are similar over 
fairly large geographic regions. Averaged TZNPS household locations 
are mapped onto these HWSD measurements. For households 
well within common blocks of measured soil quality, incongruities 
between plot locations and the HWSD data are of little concern. 
For households near the border of changing assessment, however, 
particularly those near borders between “no” constraint and “severe” 
or “very severe” constraints, caution is necessary in interpreting our 
results. Due to averaged household locations, we can only estimate 
the number of households near the border of soil quality changes. 
Approximately 28 households that the HWSD reports having no 
or a slight constraint are within the one kilometer buffer zone of 
soil quality measured as having a severe constraint, based on this 
averaged location.

For our analysis, we first show the distribution and general statistics 
of the HWSD-measured soil quality variables for our sample at 
the household level (N=1,744). We then show the distribution and 
general statistics for variables collected as part of the TZNPS survey 
relating to farmers’ soil quality assessments and soil assessment 
methods.

Our comparison focuses on the nutrient availability variable of 
the HWSD-measured data and compares it with the soil quality 
assessment recorded in the TZNPS survey dataset. The HWSD 
uses maize as the reference crop for its variables, as it is the most 
commonly grown crop in Tanzania, grown by an estimated 83 percent

3. Results and Discussion

Figure 3: Map of Nutrient Availability (as derived in the HWSD)
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of households, which makes the HWSD variables well-suited for the 
present analysis [4].

As shown in Figure 4, 39 percent of households in the sample are 
measured by the HWSD to have no or slight constraints due to 
nutrient availability in soils, while 52 percent are measured to have 
a moderate constraint and 9 percent are measured to have severely 
constrained soils. Figure 3 shows the spatial distribution of this soil 
quality variable in Tanzaniavii.

The scientific assessments are slightly less favorable than farmers’, 98 
percent of whom assess soil quality based on their own experience 
rather than scientific testing. The lighter bars in Figure 4 summarize 
the responses recorded for “What is the soil quality of this plot?” 
aggregated to the household level. About 46 percent of farmers in 
the TZNPS report “Good” quality soil, while an additional 48 percent 
report “Average” quality soil. Less than six percent of households 
report having “Bad” quality soil.

Table 3 presents a cross tabulation of the TZNPS-reported soil quality 
assessments against the HWSD-measured nutrient availability. The 
dark grey corner cells in Table 3 indicate a “strong mismatch” between 
the HWSD-recorded and the TZNPS-reported assessments (off by 2 
categories). Grey cells indicate a “mismatch”, where the assessments 
are off by one category.  As shown, of households that report having 
“good” quality soil, 38.5 percent are measured as having no or slight 
constraints due to nutrient availability in the HWSD, and 50 percent 
are measured as having moderate constraints. But, 11.5 percent of 
households self-reported as having “good” soil quality in the TZNPS 
are measured in the HWSD as having a severe constraint due to soil 
nutrient availability.

At the other extreme, 29 percent of households that report having 
“bad” soil quality in the TZNPS have no constraints related to soil 
nutrient availability as recorded in the HWSD. This comparison 
suggests disparities between farmers’ assessments of soil quality and 
measured assessments.

We find no statistically significant difference in the percentage 
of households that match and do not match assessments in a 
comparison of households with multiple plots and households 
with one plot (Pearson’s χ2 (Rao & Scott adjustment) F-stat = 0.064 
p-value = 0.8). 

Overall in our sample, approximately 43 percent of households 
report soil quality assessments that match the HWSD assessment. 
Grouping together the “mismatch” and “strong mismatch” 
categories, approximately 33 percent of households report soil 
quality assessments in the TZNPS that are higher than the HWSD 
measurements and approximately 25 percent of households report 
lower assessments. Of particular concern for programs interested in 
encouraging soil quality improvement strategies are the households 
recorded in the HWSD as having a moderate or severe constraint that 
are nonetheless reported as having “good” quality in the TZNPS (cells 
with bold text in Table 3).

3.1. Variances in Soil Quality Assessments Across Spatial Levels

Are disparities in quality assessments driven by different comparatives 
in use by farmers and researchers? We hypothesize that if farmers 
have more limited comparatives and anchor their assessments 
of soil quality based on neighboring plots, that the variance in 
TZNPS-reported assessments will be larger at smaller spatial levels. 
Conversely, we expect that the variance of the HWSD measured soil 
quality assessment will not be different at different spatial levels, as it 
is based on a standard comparative held in common by soil scientists. 
The TZNPS is hierarchical in structure, with different spatial scales 

Figure 4: Comparison of Soil Quality Assessments

vii Note: Household locations shown are modified coordinate locations, averaged household GPS coordinates by enumeration area offset between 0 and 10 km depending on sample 
area density. 

Table 3: Cross Tabulation: TZNPS Reported and HWSD Measured

Pearson’s χ2 (Rao & Scott adjustment) F-stat = 2.82 p-value = 0.06  
Strong Mismatch (off by 2 categories); 

(off by 1 category); Mismatch
Bold text indicates households of particular concern for programs interested in en-
couraging soil quality improvement strategies.
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ascending from plots to households to enumeration areas to districts 
and finally to regions. An analysis of variance of TZNPS farmer 
assessments produced an f-statistic of 1.6 for enumeration areas with 
a p-value of 0.005 and for regions an f-statistic of 7.58 with a p-value 
of less than 0.001. The analysis of variance of HWSD measurements 
produced an f-statistic for enumeration areas of 10.16 with a p-value 
less than 0.001 and for regions an f-statistic of 79.85 with a p-value 
of less than 0.001. These results show that there is cross-group 
heterogeneity at the enumeration area and regional levels for both 
TZNPS farmer reported assessments and HWSD measurements.

As a preliminary exploration of the possible relationship between 
spatial scale and soil quality assessments, a multilevel mixed-
effects linear model is used to compare soil quality assessment 
variances at the enumeration area and regional levels. Equation (1) 
is used to estimate mean TZNPS farmer assessed soil quality and 
HWSD-measured soil quality separately, including random effects 
at the regional and enumeration area levels. This model allows for 
an estimate of the variance components γ2 and τ2, where τ2 is the 
variance of the random effects estimated for enumeration areas and 
γ2 is the variance of the random effects estimated for regions. 

Table 4 summarizes the estimated variance of the random effects 
at each spatial level for both TZNPS farmer assessments and HWSD 
measurements. It is found that TZNPS farmer assessments of soil 
quality have a smaller variance at the smaller spatial scale. The 
variance of the random effects for enumeration areas is quite small, 
at 0.000048, which is many orders of magnitude smaller than the 
0.028 estimated variance for the random effects for each region. In 
contrast, the variance of the random effects for the spatial scales 
of the HWSD measurements is larger at both spatial levels, but the 
relative difference between the enumeration areas (0.07) and the 
region (0.15) is much smaller than for the TZNPS. These numbers 
suggest that farmer assessed local and regional variance is much 
smaller than HWSD variance. The relative local-regional difference is 
much greater for farmer assessments than for HWSD measurements, 
and the corollary, the difference between farmer assessed variance 
and HWSD measured variance is greater at the regional level.

3.2. Implications of the Mismatch – Soil Management Activities

Of interest is whether farmers who perceive their soil quality as poor 
are associated with different soil management activities from farmers 
who perceive their soil quality as good or average. The TZNPS reports 
on fallowing and on organic and inorganic fertilizer use. Overall, these 
soil management activities are not commonly used on the plots in 
our sample. Use of organic fertilizers is reported on 18 percent of 
plots, while use of inorganic fertilizers is reported on 9 percent of 
plots. The most common management activity reported is fallowing, 
which is used on 28 percent of the plots in this sample. 

Though we cannot determine if management practices are a response 
to soil quality perceptions or if soil quality is a result of management 

practices, the findings in Table 5 show no statistically significant 
association between fallowing and TZNPS soil assessment. The results 
do, however, indicate that fertilizer use and farmer assessed soil quality 
are not independent. Farmers who perceive their soil quality as average 
or good are more likely to report using organic or inorganic fertilizer.

The analysis then looks at whether farmers who assess their soil 
quality either higher or lower than the HWSD use soil management 
strategies differently than those farmers whose assessments align. 
As shown in Table 6, organic fertilizer use is not independent 
of a “mismatch” between farmer assessment and HWSD 
measurement. A larger percentage of households that have higher 
assessments than the HWSD measurement use organic fertilizer 
than those that match or are below the HWSD measurement.

Table 4: Comparison of Variances Across Spatial Levels

Table 5: Soil Management Activities by TZNPS Reported Soil Qua-
lity Category
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Further, a larger percentage of households that have assessments 
that match the HWSD measurements use organic fertilizer than the 
percentage of households who have farmers' assessments below the 
HWSD measurement. No statistically significant differences are found 
in the use of fallowing or inorganic fertilizer among these different 
groups.

The analysis then assessed whether variables identified in the literature 
to be related to adopting soil quality improvement strategies [2] are 
related to soil quality assessments. As shown in Table 7, farmers with 
years of education at or above the median are significantly more 
likely to self-assess the quality of their plot higher than the expert 
assessment, and relative to farmers with below median education. 
Plot ownership, however, relative to non-owners, is statistically 
independent of the mismatch of assessments. It is found, however, 
that holding title to one’s plot is not independent of whether or not 
there is a mismatch between the TZNPS farmer assessments and 
HWSD measurements. A smaller percentage of farmers who assess 
their soil quality as above HWSD measurements hold land titles and 
a larger percentage of those who assess their soil as below the HWSD 
measurement hold title.

The most interesting implication is likely the relative management 
practices of farmer assessments that are above the HWSD measures. 
The results in Table 6 indicate that households that assess the quality 
of their soil higher than the HWSD constitute the largest proportion 
of organic fertilizer users. It is possible that using organic fertilizer, 
in any amount, leads farmers to rate their soil more highly than it 

is measured. One pattern that does emerge is that households who 
rate their soil as being of poorer quality than HWSD measures have 
the smallest proportion reporting that they engage in any of the 
three soil quality management practices.

This analysis finds that in general farmer assessments of soil quality 
as reported in the TZNPS are higher than scientific measurements 
recorded in the HWSD. We estimate that approximately 33 percent of 
households report having soil quality higher than HWSD-measured 
assessments, while approximately 25 percent of households report 
having soil quality lower than HWSD-measured assessments. It is 
also found that a large proportion of farmers (about 33 percent) do 
not recognize soil quality as a constraint on plots where soil scientists 
would see room for improving soil quality. 

While our work is focused on establishing that there is a mismatch, 
future research directions include fleshing out the “why” and the 
“what next” if the uptake of new technologies to improve soil quality 
is really driven by incongruent assessments by farmers and soil 
experts that limits demand. Our initial contribution to the “why” is 
the hypothesis that mismatches are driven by the different standards 
in use by the two groups. As shown by the analysis of variance in 

Table 6: Soil Management Activities by Mismatch Category

Table 7: Years of Education and Ownership Status by Mismatch 
Category

4.  Conclusion 
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this article, there is evidence of heterogeneity in the different spatial 
levels on soil quality assessments, potentially indicating that farmers 
may be more likely to anchor their assessments of soil quality based 
on the relative quality of their different plots, or by comparisons to 
surrounding plots.

The “what next” relies on establishing that management practices 
are related to reported soil quality assessments, and if so, working 
to align farmer and scientific assessments. As noted as early as the 
1980s, there is often large potential for miscommunication between 
development professionals and the farmers they work with [26]. 
Local participatory methods and ethnopedology (the study of local 
knowledge) may allow agricultural scientists to fill holes in the 
scientific data and better connect the supply of good technological 
and management practices to local demand [14]. 
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