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Nature-based Income Generating Activities (NIGAs) can enhance livelihoods of smallholder farmers
and biodiversity conservation in highly degrading ecosystems. These practices are promoted by
various development and conservation partners worldwide to combat land degradation and
biodiversity loss. However, their adoption remains low for reasons not well understood by their
promoters. This can largely be attributed to the failure of the promoters to recognise and
acknowledge the perceptions and priorities of target communities. We use the case of Uluguru
Mountains to investigate the perceptions of farmers regarding the NIGAs that have potential to enhance
both livelihoods and biodiversity conservation. Specifically, we use the Kendall’s Coefficient of
Concordance (W)/Kendall’s tau, the Spearman correlation/Spearman’s (rho), and the Likert scale
methods to identify the highly ranked NIGAs and test the hypotheses that: (a) the smallholder farmers
in the study area did not agree among themselves about the ranking of potential livelihood and
biodiversity-enhancing NIGAs, (b) the promotion of agroforestry has reduced the communities’ reliance
on firewood, building poles and wood from the Uluguru Forest Reserve (UFR). We used the latter as an
indicator of improved biodiversity conservation. We found that agroforestry and beekeeping were the
highly ranked NIGAs and the communities in the study area had moderately reduced their reliance on
timber products from UFR. We conclude that NIGAs can significantly enhance livelihoods and conserve
biodiversity in mountain areas. However, future efforts to promote them should be guided by a
thorough understanding and recognition of the real needs and priorities of target beneficiaries. This is
imperative for winning their support and for designing the right outreach package.

Key words: Uluguru Mountains, Uluguru Forestry Reserve, Kendall’s coefficient of concordance, Likert scale
analysis, nature-based income generating activities.

INTRODUCTION

Globally, the management of natural ecosystems while simultaneously  enhancing livelihoods of rural



communities who rely on these ecosystems is
increasingly viewed as an important pathway to
sustainable development (Sunderlin and Huynh, 2005;
Tole, 2010; Surkin, 2011; Sutherland et al., 2014;
Chevallier, 2016). Using the case of community-based
approach in Southern Africa, for example, Chevallier
(2016) provides a historical overview of natural resource
management by examining to what extent this approach
has been successful in achieving the objective of
enhancing rural livelihoods through benefit sharing,
income generation, as well as, biodiversity conservation
and sustainable resource use. Chevallier (2016)
concluded that the development of innovative income
generating activities from natural resources is critical for
fostering economic growth and sustainable natural
resource management. She recommends a new thinking
that includes integrated landscape-level natural resource
management and the use of ecosystem service
accounting to justify land-use choices about conservation.
In their paper, Sutherland et al. (2014) identified several
topics of special focus, including unsustainable cultivation
practices that may increasingly affect conservation of
biodiversity. Similarly, the publication by Surkin (2011)
indicates that natural resource governance improvement
can lead to positive impacts for livelihoods and
biodiversity conservation. Tole (2010) identified the key
institutional and incentives that appear to significantly
affect the success or failure of rural forestry management
initiatives as including, among others, the consideration
of institutional and socio-economic factors along with
personal characteristis of key stakeholders, such as,
perceptions, attitudes, and availability of financial
resources. It is important to note that, farmers’ decisions
to adopt ‘new’ practices depend on many complex
factors. One such factor is their perception of
characteristics of the practices (Negatu and Parikh, 1999;
Bagheri et al.,, 2008; Emmanuel, 2014) and the
successful promotion of these practices is likely to be
more influenced by farmers’ preception and attitudes than
any other factors (Smathers, 1982). Therefore, a
thorough understanding of these factors and their impact
on livelihoods and biodiversity conservation provides
valuable information to promoters of these practices
(Bhatia and Buckley, 1998; Ruheza et al., 2012; Ayubu,
2017; Thompson et al., 2019). We attribute the current
low rate of NIGA adoption to the lack of this
understanding, though this would vary from one farmer to
another due to different interactive factors (Moges and
Taye, 2017). In fact, farmers’ perception is generally
renowned as the best predictor of the adoption of Good
Agricultural Practicers (GAPS) (Alonge and Martin, 1995;
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Rogers, 2003).

The literature provides some useful case studies to
illustrate this. Musinguzi et al. (2018), for example,
provide the case of a community-based initiative that
used a cooperative-driven organic certification of honey
producers in Mwingi, Eastern Kenya to achieve the goal
of improving livelihoods and acacia woodland
management in the study area. This initiative performed
poorly because of the failure to take into consideration
the issue of long-term project sustainability as perceived
by the project farmers. According to Musinguzi et al.
(2018), this initiative registered minimal to no significant
impacts of certification on household’s incomes, honey
guantity, and sales prices. Just as important, many
governments, development partners and researchers
have designed and launched programmes and initiatives
that aim to effectively balance conservation goals and
livelihood needs but the outcomes have been
disappointing (Bhatia and Buckley, 1998; Sunderlin and
Huynh, 2005; Ruheza et al., 2012; Ayubu, 2017), for
reasons not very well known by their proponents. Most of
these previous initiatives have focused on the
implementation of sustainable income generating
activities that concurently promote livelihoods and
nature conservation. We dub these activities as NIGAs.
These have the potential to create opportunities for
communities to productively use locally available
resources to generate income without endangering
biodiversity (Coche, 1991; FAO, 2000).

As for many other mountain areas in the tropics, the
Uluguru Mountains in Tanzania have also attracted
several NIGA initiatives (Bhatia and Buckley, 1998).
Examples of these initiatives include the Uluguru
Mountains Agricultural Development Project (UMADEP),
Uluguru Mountains Biodiversity Conservation Project
(UMBCP), and the Uluguru Mountains Payment for
Watershed Services Project (UMPWSP), just to mention
few. UMADEP was initiated in 1993 as a research and
extension project based in the Department of Agricultural
Education and Extension, Faculty of Agriculture of
Sokoine University of Agriculture (SUA). It was a
community-based research and extension project which
worked in partnership with government extension officers
and farmers wusing the multidisciplinary approach.
UMBCP was implemented starting from 1999 to 2002
under financial support from DANIDA through the Danish
Ornithological Foundation (DOF) of Denmark in
partnership with the Wildlife Conservation Society of
Tanzania (WCST). UMPWSP was funded by the
Department for International Development Civil Society
Challenge and supported by the Royal Society for the
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Protection of Birds (RSPB) in partnership with the Wildlife
Conservation Society of Tanzania (WCST).

Most of the introduced NIGAs in Uluguru Mountains
aimed at increasing productivity per area, hence reducing
pressure on forest resources, while at the same time
increasing farmers’ income (Malisa et al., 2016; TFCG,
2017). Examples of these NIGAs include beekeeping,
aquaculture, tree planting, agroforestry (intercropping of
trees and/or shrubs with crops), contour farming, natural
fallow, soil and stone bunds, terraces, use of composite
manure and crop rotation, just to mention few. If adopted,
the benefits of these NIGAs can be enormous.
Agroforestry and beekeeping, for example, can provide
outputs for home consumption as well as for sale to earn
income and thus enhance food security and livelihoods of
smallholder farmers. NIGAs can significantly improve
income and capacity of smallholders to conserve
ecosystems, especially in mountain areas where land
degradation is renowned as a major cause of biodiversity
loss. The complex nature and interrelated relationships
between humans and ecologies in these areas needs a
systematic and simultaneous understanding, especially
with regard to sustainability, constraints for adoption of
NIGAs, and scaling-up them to better guide agricultural
strategy and policy interventions (Jha et al., 2020). This
implies understanding of local settings through the eyes
and perceptions of the farmers themselves, who are the
primary actors in the uptake process of agricultural
technologies (Baccar et al., 2020). This understanding is
currently lacking. The previous studies in mountain areas
have focused mainly on other aspects, such as, the
institutional, policy and livelihood studies (Hartley and
Kaare, 2001), and the contribution of GAPs to
socioeconomic and nutritional status (Mhina, 2015). The
studies which assess the perceptions of local
communities regarding the role of NIGAs are limited. This
study was therefore an endeavour to fill this knowledge
gap and inform policies and strategies to achieve
sustainable livelihoods and biodiversity conservation in
mountain areas.

METHODOLOGY
Theoretical frameworks

The study is based on the expected utility maximization theory
which suggests that an individual farmer i will perceive a specific
NIGA as a potential livelihood and biodiversity enhancing strategy if

the expected utility from implementing it, U” is greater than the
expected utility from any other alternative activities or projects, U
that is yi*j :UG_Uij > 0; Where ya is the net benefit (latent

variable) that the farmer can receive from practising the jth NIGA.
This utility will in turn have an influence on the farmer’s attitudinal
behaviour. In this regard, perception is considered to relate to
famer’s own view or interpretation of utility. Perception (attitude)

and behaviour are viewed to be mutually influencing each other
(Reibstein et al., 1980).

Having the utility theory in mind, we assessed the perception of
farmers on the role of introduced NIGAs in the study area as
livelihoods and biodiversity strategies using the approach described
by Legendre (2010) which requires the computation of Kendall's
coefficient of concordance (W). In the context of NIGAs, perceiption
is defined as an understanding of the characteristics of these
activities specified to include relative advantages, compatibility,
complexity, trialability, and observability (Oo and Usami, 2020).
These characteristics are considered to play a crucial role in
farmers’ decision making on adopting a new farming practice (ibid).

Kendall's W ranges from 0 (that is, no overall trend of agreement
among the respondents) to 1 (perfect or complete agreement, that
is, all the judges or survey respondents have been unanimous).
Intermediate values of W indicate a greater or lesser degree of
unanimity among the various judges or respondents.

Specifically, the Kendall’'s W statistic was calculated using the
IBM SPSS software (versions 20 and 26). The first step entailed the
calculation of sum-of-squares (S) over the low sums of rank (Rj),

and the mean of R; values (Ii) as in Equation 1.
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The second step was the computation of Kendall's W statistic using
the formula shown in Equation 2.
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where n represents the number of objects; m is the number of
variables and T is a correction factor for tied ranks which was
calculated as shown in Equation 3.
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where t, is the number of tied ranks in each (k) of g groups of ties.
The sum was computed from the overall groups of ties found in all
m variables of the data worksheet. T equalled zero when there
were no tied values. Kendall's W is used as an estimate of the
variance of the row sums of ranks R; divided by the maximum
possible value the variance can take; this occurs when all variables
are in total agreement. Hence, 0 < W< 1 whereas (1 represents
perfect concordance). Friedman’s Chi-square statistic (Equation 4)
was used to test the significance of Kendall's W.
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The overall aim of the analysis was to identify variables that agree
in the estimation of the common property of the objects in terms of
preferences, profitability and acceptability of NIGAs by farmers. The
Spearman correlation among all judges from Kendall's W using the
formula presented in Equation 5 was calculated:

R _ kW -1



where §S denotes the average Spearman correlation and K the

number of judges or rankers. The Spearman’s rank coefficient can
be denoted by rS and symbolically presented as in Equation 6.

1=yl
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where d; represents the difference in the ranks given to the values

of the variable for each item of the particular data. This formula is
applied in cases when there are no tied ranks. However, in case of
fewer numbers of tied ranks, this approximation of Spearman’s rank
correlation coefficient provides sufficiently good approximations. If
there are no repeated data values, a perfect Spearman correlation
of +1 or -1 occurs when each of the variables is a perfect monotone
function of the other. Intuitively, the Spearman correlation between
two variables will be high when observations have a similar (or
identical for a correlation of 1) rank (that is, relative position label of
the observations within the variable: 1st, 2nd, 3rd, etc.) between the
two variables, and low when observations have a dissimilar (or fully
opposed for a correlation of -1) rank between the two variables.
Spearman’s and Kendall’'s W can be formulated as special cases of
a more general correlation coefficient.

The analysis of farmers’ perceptions of the role of NIGAs in
biodiversity conservation was complemented by the application of
some forms of standard scaling techniques. These techniques are
broadly debated in the literature with the mainstream of the debate
subscribing to the summative construction of Likert scale (Likert,
1932) dubbed by Krosnick et al. (2018) and Cooper et al. (2015) as
the “Likert's method of summated ratings.” The method uses a
standard scaling procedure or method that attributes numerical
values to responses (Pollard et al., 2007) and requires that the
scoring, scaling, and the response format for items are consistent.
For example, if a Likert scaling technique is used then all items will
confirm to a Likertr scale (e.g. 5 points with “disagree” and “agree”
response stems) as well as the use an additive scoring method
(Krosnick et al., 2018).

However, the “Likert's method of summated ratings” is also
criticized for the problem of inconsistency between the scoring
method (additive) and the scaling method (Pollard and Johnston,
2001; Pollard et al., 2007), as well as the lack of a simple scale of
reference to assure consistency across disciplines (Perscaroli et al.,
2020). Instead, a method for selecting items which is broad enough
to sample the full range and not restricted to just one source or
domain (Pollard et al., 2007) and a simple-to-use rating tool that
can be used for benchmarking responses in questionnaires
(Pescaroli et al., 2020) are recommended, especially where the
target groups, for cultural, social, or political reasons may be
improper for in-depth analyses (e.g. scales of up to 7 or 10). The
output of the tool is a replicable scale from 0 to 3 presented in a
tabular form that includes category labels with qualitative attributes
and descriptive equivalents which are used in the formulation of
model answers (Pescaroli et al., 2020). The advantage of the Likert
scale based response model is that it can be applied in a wide
variety of disciplines (ibid).

The “Likert's method of summated ratings” is also criticized for
misrepresenting and losing information due to the closed-form
scaling and the ordinal nature of this measure (Goeb et al., 2007;
Li, 2013). According to Goeb et al. (2007), perception or attitude
data are often evaluated with techniques designed for cardinal
measurements, despite the problem of attitude which suggests an
ordinal interpretation of Likert scales. To overcome these problems,
Goeb et al. (2007) present the interpretation of scales for
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perception or attitude measuring and suggest data analysis
techniques under the proper ordinal understanding. Likewise, Li
(2013) proposes a novel fuzzy Likert scale which was developed
based on the fuzzy sets theory. According to Li (2013), the main
strength of the fuzzy Likert approach is that it allows partial
agreement of a scale point enabling the capture of lost information
and regulation of distorted information. The fuzzy sets theory offers
scholars with a better “language that is half-verbal-conceptual and
half-mathematical-analytical” (Ragin, 2000). It allows the conversion
of a discrete ordinal variable into a continuous variable while
maintaining the sematic meaning and capturing the interval details
of ordinal variables in an open response format (ibid). This is
advantageous because it helps to moderate the problem of
information misinterpretation and attenuation in the conventional
“Likert’'s method of summated ratings.”

In Myanmar, Oo and Usami (2020) applied the characteristics
defining the concept of perception (that is, relative advantages,
compatibility, complexity, trialability, and observability) to measure
farmers’ perception of GAPs in rice production. They included
different statements for measuring these characteristics.
Specifically, they used a Likert-scale five-point continum starting
from 1 (strongly disagree) to 5 (strongly agree) and categorised
respondents into two groups using a cut-off point of 4 (that is “did
not perceive” if the score was less than 4 and “perceived” if the
score was equal to or greater than 4). They then calculated the
Cronbach’s alpha to examine the reliability of data collected on
farmers’ perception of GAPs in rice production. They found that the
different components of GPAs in rice production were perceived as
relatively difficult to apply by farmers.

Although it is considered a good index for stability, the
Cronbach’s alpha has some disadvantages: it is affected by
duration (time) and dimensionality of adoption (Al-Osail et al.,
2015). As the time increases, reliability will increase (Streiner, 2003;
Tavakol and Dennick, 2011). Therefore, the index measures
stability but not the internal consistency (which decscribes the
extent to which all the items in a test measure the same concept or
constructs). Hence, the Cronbach’s alpha is not sufficient for
measuring reliability (Agbo, 2014; Al-Osail et al., 2015). Adding
other indices of internal consistency such as the Kendall's
coefficient of concordance (Kendall and Babington, 1939),

Spearman’s rank correlation and R? coefficient is recommended
because it gives more accurate and reliable results (ibid). As non-
parametric methods, the Kendall’'s W and Spearman’s rank-order
are generally suggested for non-normal data.

The Kendall's coefficient of concordance and Spearman’s rank
correlation coefficient are non-parametric statistics. The Kendall's
coefficient of concordance is a normalisation of the statistic of the
Friedman test (Legendre, 2005; Voshaar et al., 2021). It has a close
relationship with the Milton Friedman’s two-way analysis of variance
without replication by ranks (Kraemer, 1976; Legendre, 2005). They
both address hypotheses concerning the same data table and they

use the same ;(2 statistic for testing. The Spearman’s rank

correlation coefficient assesses how well the relationship between
variables can be described using a monotonic function. It is
important to note that the Spearman correlation between two
variables is actually equal to the Pearson correlation between the
rank values of those two variables. The Pearson’s correlation
assesses linear relationships, but the Spearman correlation
assesses monotonic relationships (whether linear or not). It should
be noted here that in most situations, the interpretations of the
variant of Kendall's W (that is, the Kendall's tau) and Spearman’s
rank correlation coefficient are very similar and thus, invariably lead
to the same inferences. However, the former is more preferable to
the Spearman’s rank correlation coefficient and Pearson’s
correlation for a number of reasons. Firstly, it is insensitive to errors
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and its p-values are more accurate with small sample sizes
whereas, the Spearman’s correlation is much more sensitive to
error and discrepancies in data and it has usually larger values than
the Kendall's W (Chok, 2010). Secondly, the distribution of
Kendall’s tau has generally better statistical properties (Kraemer,
1976; Legendre, 2005). Thirdly, the interpretation of Kendall's tau
results, in terms of the probabilities of observing the agreeable
(concordant) and non-agreeable (discordant) pairs is very direct
(LeDonne et al.,, 2011). It is worth noting here the difference
between the Kendalls W and Kendall's tau. The former is
calculated for more than two variables, while the latter (Kendall's
tau) is calculated for two variables as any other correlation
coefficient.

The Pearson correlation is the most frequently used coefficient
for normal distributed data but it has a disadvantage of being
sensitive to outliers (Abdullah, 1990; Balakrishnan and Lai, 2009).
The Kendall's W is even less sensitive to outliers and is often
preferred due to its simplicity and ease of interpretation (ibid).
Originally, the Kendall's correlation coefficient was proposed to be
tested with the exact permutation test (Kendall, 1938). This non-
parametric approach can help to compare the ability of the
correlation coefficients to reflect a given monotone association,
aside from the possible differences caused by discrepancies in the
statistical testing procedures.

As compared with Spearman’s and Kendall's correlation, the
Pearson’s correlation approach escalates the possibility of outliers,
and results in increasingly poorer performance of the correlation
(Chok, 2010). This is more evident for large sample sizes where the
probability of obtaining datasets with the outliers is higher. Thus, if
the data contains outliers, the Kendall's W and Spearman’s rank-
order correlation coefficient are considered more appropriate
(Chok, 2010). The Pearson correlation coefficient is appropriate
only for interval data while the Spearman’s and Kendall’s
correlation coefficients could be used for either ordinal or interval
data (McKillup, 2005). The available literature also suggests the
Spearman’s correlation to be more appropriate for data that
involves several types of variables (Hubert, 2009; Armstrong,
2019). For data that have at least one ordinal variable, the Kendall’s
W is more appropriate (Hubert, 2009). Other scholars (Schober et
al., 2018), suggest Spearman’s correlation coefficients for the same
scenarios. The Pearson correlation is a natural parameter of
association for a bivariate normal distribution (it assumes zero value
if and only if the two variables are independent). Thus, a statistical
test based on the Pearson’s correlation coefficient is likely to be the
most powerful for this type of data than similar tests on the other
correlation coefficients (Armstrong, 2019). However, for non-normal
data, the sensitivity of the Pearson correlation coefficient has led to
recommendations of other correlation coefficients (ibid). The
standard procedure for testing significance of the estimates for the
Pearson’s correlation coefficient is sensitive to the deviations of
bivariate normality (Chok, 2010). Due to the proximity of
Spearman’s to Pearson’s correlation coefficient in bivariate normal
data, and the appropriateness of Spearman’s statistical test for any
type of interval data the Spearman’s correlation coefficient is more
preferable than the Pearson’s correlation and Cronbach’s alpha
(McKillup, 2005; Chok, 2010).

In the present study, the Likert-scale analysis, Kendall's
coefficient of concordance, W, and the Spearman correlation were
used to assess agreement among respondents (judges or rankers)
regarding their perceptions of the importance of NIGAs in Uluguru
Mountains. The analysis was complemented by the use of
Spearman’s rho and Kendall's tau statistics to test the null
hypothesis that the NIGAs adopted by smallholder farmers in the
study area are interrelated or associated. The focus of this study is
on mountain areas which makes the study more imperative
recognising that mountain ecosystems are generally fragile and

very sensitive to anthropogenic changes and indirect alterations in
the environment (Houet et al., 2010; Wang et al., 2018; Mengist et
al., 2020). Just as important, the occurrence of climate change and
anthropogenic factors alter the potential for provision of mountain
ecosystem services and goods which calls for a special attention to
achieve sustainable land management and utilisation in these areas
(Chaudhary et al., 2017; Mengist et al., 2020).

The conceptual framework for the study

As indicated in the conceptual framework (Figure 1), farmer's
decision to adopt NIGAs is influenced by both internal and external
factors, coupled with the farmer’s perception of expected outcomes
as conceptualized by the expected utility maximization theory. The
internal factors include the personal as well as farming and
economic characteristics. Farmers’ perceptions of NIGAs are
associated with farmers’ characteristics, such as the age of the
farmer, gender, marital status, education, size of household and
farming experience (Bagheri et al., 2008; Benmeke and Ajayi, 2008;
Pinthukas, 2015; Abdul-Gafar et al., 2016; Sasima et al., 2016;
Mugula and Mkuna, 2016). Farming characteristics, such as size
farmland area, farmland location (if located far or close to
homestead), and availability of active labour have a positive
influence on farmers’ perception (Meseret 2014; Pongvinyoo et al.,
2014; Sasima et al., 2016; Maswadi and Suharyani, 2018). Famer’s
perception of NIGAs is therefore influenced by many factors,
including the household’s economic characteristics, such as,
access to credits and the value of assets owned by the farmer
(Ndambiri et al., 2013). In Colombia, for example, the adoption
decision of agroforestry practices was influenced by the access and
use of credit and location, among others (Jara-Rojas et al., 2020).

The external factors influencing farmers’ perception of NIGAs
include the existing transforming structures and processes, such as,
the public and private institutions supporting and promoting the
adoption of NIGAs, laws, policies, culture, access to extension
services, access to information, and training (Abdul-Gafar et al.,
2016; Arslan et al.,, 2020). The expected outcomes are then
mirrored from the actual outcomes which includes increased
income, improved food security, improved wellbeing, reduced
vulnerability, reduced land degradation and enhanced ecosystem
resilience, as well as improved biodiversity conservation and more
sustainable use of natural resource base.

The literature on the influence of both internal and external
factors on the perception and adoption of NIGAs and GAPs by
smallholder farmers is enormous. For example, in the Oyo State of
Nigeria, Banmeke and Ajayi (2008) assessed farmers' perception of
the agricultural information resource centre at Ago-Are as a source
of information for improving agricultural productivity. They found a
significant relationship between the type of information sought and
respondents’ perception of the resource centre and they
recommended organizing frequent training for farmers. Their
recommendation accentuates the role of transforming structures
and processes in influencing perception and adoption of NIGAs to
enhance livelihoods and biodiversity conservation. They
furthermore view this as providing a basis for discussing targeted
agricultural and policy interventions in the sub Saharan Africa
(SSA) region, including the mountain areas. Elsewhere, in Haraz
catchment area of Mazandaran province in Iran, Bagheri et al.
(2008) investigated the perception of paddy farmers towards
sustainable agricultural technologies. They found that education
level of household head (personal household characteristics),
contact with agricultural experts and extension participation
(transforming structures and processes) were the best predictors of
farmers’ perceptions.

Arslan et al. (2020) who present a synthesis of micro-economic
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Figure 1. Conceptual framework for the study.

literature on the analysis of drivers of agricultural technology
adoption in Africa using a meta-data set built from the results of
different recently published papers identify eleven determinants that
were positively influencing the perception and adoption of
technology in the continent. Four of these were related to
transforming structures and processes (access to extension, access
to information, farmer group participation, and access to credit); five
related to economic characteristics (land size, livestock assets, off-
farm income, overall income and wealth index); one was the
exposure to high temperatures (a location specific factor); and the
final one was secured land tenure (a mixture of farm characteristics,
transforming structures and processes).

The study area

The study was conducted in Uluguru Mountains covering fourteen

.

* Laws, policies, culture

* Accessto extension
services

* Access to information

* Training

* Membership to farmer
groups

N

hamlets (Table 1) in the wards of Mlimani and Luhungo (Morogoro
Municipality), and Mzumbe (Mvomero district) in Morogoro,
Tanzania. The mountains run approximately north-south with
altitudes of up to 2,630 m above sea level at their highest point
(EAMCSEF website, undated) and their range contains a nature
reserve which constitutes the Uluguru North, Uluguru Soutn and
Bunduki Forest Reserves. About fifty villages border the Uruguru
Forestry Reserve with population of over 151,000 found within the
mountain area (ibid). The vegetation of the area is extremely
variable (Figure 2) ranging from drier lowland coastal forest to
transitional rainforests, sub-montane, montane and upper montane
forest types, as well as the afromontane grasslands on the
Lukwangule plateau. All these ecosystems are rich in endemic
species making them of high conservation priority. However, land
degradation in the area is rampant due to existence of
unsustainable anthropologic activities (Yanda and Munishi, 2007;
William, 2010; Harrison and Mdee, 2017; Massawe et al., 2020).
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Table 1. Location of the study sites.

Village/Hamlet Ward Division District Altitude (masl) - Position -
Eastings Northings
Tangeni/Kikoya Mzumbe Milali Mvomero 656 345874 9234196
Tangeni/Chalinze Mzumbe Mlali Mvomero 860 347046 9233084
Tangeni/Simbo Mzumbe Milali Mvomero 737 346759 9232891
Tangeni/Mng'hongo  Mzumbe Mlali Mvomero 737 346466 9233799
Tangeni/Mihubulu Mzumbe Milali Mvomero 883 347563 9234125
Kilala Luhungo Morogoro Morogoro 731 349501 9236858
Mundu Luhungo Morogoro Morogoro 847 350263 9236314
Mambani Luhungo Morogoro Morogoro 975 350490 9237492
Kivaza Luhungo Morogoro Morogoro 722 348904 9236453
Mbete Mlimani Morogoro Morogoro 808 353746 9241263
Ruvuma Mlimani Morogoro Morogoro 1041 352694 9240058
Choma Mlimani Morogoro Morogoro 1212 354139 9239703
Kisosa Mlimani Morogoro Morogoro 1341 353599 9239560
Tulo Mlimani Morogoro Morogoro 1192 352716 9239617
TANZANIA a

DISTRICT b

Plorogoes Vebes

Legend:

g Fovest

Closed woosiand

Serm-cloted wooSand

d Riverne regetaban

] Wooded tushana

(] Open woodand
Settermnt

Fermanersly bare/'grass
{ Crasiaod with celtivatos
(] Mixed Cumvanco
(tree and snrual crops with woodiand)
[T wennive cultivation feplend)
B V0 O aen
W Ceoraded torent
] Gegraded woodiand
] Saah /G rassiand with coltivation
B wrgomna
» Ve
b vy
U Wver

7] Gramiane

Mo roate

Coordinate Syslem: GC3WES 1984
Datam: WGS 1984
unis: Degres

6 12 Kilom eters

Figure 2. Map showing the location of the study area and major land uses.

The mountains also serve as a water catchment and water source
for populations living downstream in Morogoro rural and Municipal
districts as well as other residents in the Dar es Salaam City and
the Ruvu/Wami River Catchments. Thus, the study area was
purposefully selected based on, not only its importance as a water
catchment, but also as a biodiversity hotspot encountered by the
challenge of increasing human activities that threaten biodiversity
and environmental integrity at large.

Sampling and data collection

The study used the multi-stage sampling procedure to select the
study villages and sample households. In the first stage, fourteen
hamlets were selected purposely based on their participation in the
previous NIGA projects. In the second stage, households were
stratified into strata according to the wealth ranks assigned by
UMPWSP and more recent government initiatives in the study area
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Table 2. Distribution of sample sizes by sample hamlets.

Hamlets Households Sample size* %

Tangeni village (5 hamlets) 1,030 66 32.8
Kilala 85 12 6.0
Mundu 145 15 7.5
Mambani 152 21 10.4
Kivaza 167 21 10.4
Mbete 22 9 45
Ruvuma 72 15 7.5
Choma 210 21 104
Kisosa 84 12 6.0
Tulo 42 9 45
Total 2,009 201 100

*The total sample size used in the final analysis (after data cleaning and removal of outliers) was

154 households.

(WCST, 2010). The third stage entailed the selection of sample
households from each stratum using the proportionate probability
sampling procedure. The distribution of sample households by
study sites is shown in Table 2.

The study used both primary and secondary data. Prior to
commencement of fieldwork, the researchers hired six enumerators
to assist them during data collection. These were trained on how to
administer questionnaires and use other research tools, such as
checklists and guidelines. They were also reminded about the
research ethics they should comply with. The actual fieldwork
started with a reconnaissance survey to get an overview and
understanding of the study area and applicability of the
questionnaire. During the reconnaissance survey the household
questionnaire was pre-test to a small sample before the actual
fieldwork to check for its relevance to the study area and objectives.
This was followed by the main survey which used different research
tools and techniques, including structured questionnaires,
interviews with key informants (selected based on their involvement
in NIGA initiatives) and Focus Group Discussions (FGDs).

The FGDs were attended by at least 10 participants per village
representing different socioeconomic groups that existed in the
area, including the rich, poor, youth and women, men, abled and
disabled people. In addition, direct observation served as a
complementary tool. In selecting the key informants for interview
the snowball technique was used. The technique is particularly
suitable when the population of interest is hard to reach and
compiling a list of the population poses difficulties for the researcher
(Etikan et al., 2016). It begins with a convenience number of initial
subject which serves as “seeds,” through which wave 1 subject is
identified; wave 1 subject, in turn, identifies wave 2 subjects; and
the number of interviewees consequently expands wave by wave-
like a snowball growing in size as it rolls down a hill (Heckathorn,
2015).

Data processing and analysis

the different NIGAs which were introduced in the study area were
identified using the household questionnaire, FGDs, Klls, direct
observation approaches, review of government and project
documents, as well as office records from relevant government and
non-government organizations. During the questionnaire survey,
the respondents were asked to rank the identified NIGAs according

to their potential in enhancing livelihoods and biodiversity
conservation. The rankings were coded as: lowest rank (1), low
rank (2), moderately low rank (3), moderately high rank (4), high
rank (5), and highest rank (6). The codes were then used in the
computation of the Kendall's coefficient of concordance, W. To
identify the best NIGAs, the visualisation (percentage chart) and the
Friedman test were used as appropriate analytical tools because
the rankings involved mainly ordinal variables. The Friedman was
used to test the null hypothesis that the respondents or farmers in
the study area did not agree among themselves about NIGAs that
are potential as livelihood and biodiversity conservation strategies
[that is, the null hypothesis (Ho) that the Kendall's W was less than
0.4] versus [the alternative hypothesis (H,) that the Kendall's W was
not less than 0.4]. In this case, the coefficient (W) values of 0.4 and
above were used to ascertain if the rankings of respondents agreed
with each other. Additionally, we calculated the Spearman
correlation among all judges or rankers from the Kendall's W and
complemented our analysis by employing the Spearman’s rho and
Kendall’s tau statistics.

Specifically, we used the reduced household reliance on, and
frequency of, using timber products from the Uluguru Forest
Reserve (UFR) as a proxy for biodiversity conservation. We asked
farmers to indicate the extent to which they agree or disagree with
the assertion that agroforestry reduced dependence on and
frequency of using firewood, building poles and timber products
from UFR. In particular, we designed three Likert questions, one for
each of these three forest products, to study the perception and
attitude of respondents on the extent to which agroforestry has
enhanced biodiversity conservation. During the coding, it was
realised that none of the respondents reported to be neutral, we
therefore recoded our five scale Likert data into the following four
response alternatives: strongly disagree (1), Disagree (2), Agree
(3), and strongly agree (4). It is important to note that the use of 4-
point Likert alternatives is not new in the literature. Behnke and
Kelly (2011) for example, used the 4-point Likert alternatives to
investigate the influence of Latino parent involvement in the
programmes to help Latino youth thrive at school. Elsewhere,
Robinson and Shepard (2011) also used the same technique to
investigate outreach, applied research, and management needs for
the Wisconsin’s great lakes freshwater estuaries.

For comparison reason, we generated two scenarios for Likert
analysis by treating the three questions as both Likert-type and
Likert scale questions (Clason and Dormody, 1994; Boone and
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Table 3. Likert grading criteria for reduced reliance on products from forest reserve and enhanced biodiversity

conservation.

Grading ) Crlter.la - .

Composite (sum) Mean Median Quartiles Cumulative (%)
Low or poor <7 <2.6 land?2 land?2 <60%
Moderate 7-10 2.6-3.6 3 3 60 - 80
High 210 23.6 3and 4 3and 4 250%

Source: Modified from Rubaish (2010).

Boone, 2012). The main idea was to find out if the results from the
two scenarios were different or the same. The Likert-type items can
be described as single questions which apply some facets of the
novel Likert response alternatives but the researcher does not
combine the responses from the item into a composite scale
(Clason and Dormody, 1994).

In the second scenario we combined the responses from the
three questions (the Likert scale questions) to create a perception
or attitude measurement scale. According to Boone and Boone
(2012), the Likert scale data are generated by computing a
composite score (sum or mean) from the Likert-type items. The
mean for central tendency and standard deviations for variability
are the most recommended statistics. Since Likert scales produce
ordinal data one may also use the Inter-Quartile Range (IQR) of
each item (Garth, 2008). Alternative procedures would entail the
use of Pearson’s r, t-test, ANOVA and regression analysis (ibid).
The arithmetic mean measures the distribution of agreement scores
that are collected on an ordinal scale (Goeb et al., 2007; Rubaish,
2010). The median, the number found exactly in the middle of the
distribution, is a measure of central tendency which shows what the
“average” respondent might think, or the “likeliest” response
whereas the IQR is a measure of spread which shows whether the
responses are clustered together or scattered across the range of
possible responses (Maheta and Patel NR/SPSS Inc., 1996; Garth,
2008).

However, the median, quartiles, and cumulative percentage
measures are preferred to the mean when distributions are skewed
Rubaish (2010). Therefore, the mean would not be an appropriate
measure in cases where distributions are skewed; instead one
would use cumulative percentage. The latter, cumulative percentage
is preferred because it is a straightforward, easy to comprehend,
and apply method (Rubaish, 2010). In our study, we used five
grading criteria to interpret the results of analysis (Table 3), namely
composite (sum and mean), media, quartiles, and cumulative
percentages of scores 3 and 4 (that is, the sum of “agree” and
“strongly agree” responses, respectively).

RESULTS AND DISCUSSION
Ranking of NIGAs and results of Kendall’s W test

The summary of ranking of NIGAs according to their
potential to enhance livelihoods and biodiversity
conservation is as shown in Figure 3. The proportions of
households that practiced NIGAs are shown in Table 4
for each NIGA. When the “highest” and “high” ranks are
summed together, agroforestry was ranked as the most
important NIGA in enhancing livelihoods and biodiversity

conservation (with cumulative percentage of more than
60%), followed by beekeeping (50%), terraces (about
35%), and contour farming (about 30%).

As the recent study by Yamane and Ito (2020)
indicates, the common agroforestry systems in the study
area include the homegardens (where several crops are
grown mainly for commercial purposes, including banana
and an array of tree varieties, such as the jackfruit,
mango, cinnamon, cardamom, breadfruit, coco palm and
eucalyptus), and the hillside agroforestry systems (where
food crops like maize and cassava, mixed with yams and
common beans, dominate). Besides the direct use values
of agroforestry products, such as firewood, building
poles, fodder, fruits and timbers (Van Donge, 1992;
Tiisekwa, 2002; Ruheza et al., 2012; Mkonda and He,
2017), agroforestry also provides several ecosystem
services range from its contribution to control of soil
erosion, conservation of soil fertility through nutrient
recycling and enhancement of biodiversity conservation).
Thus, it was important to understand the perceptions and
attitudes of respondents in this study regarding the role of
different NIGAs in enhancing livelihoods and biodiversity
conservation and level of agreement in their perception
and attitude.

The results of analysis of the Kendall's W test,
Friedman test and the estimate of coefficient of
concordance are presented in Table 5. The point
estimate of the coefficient of concordance was 0.40
which was about the same value as the average over all
possible Spearman correlation. This test statistic suggests
that the farmers agreed with each others to a reasonable
though not super high extent (4?(4) = 241.527, p =

0.000). In fact, the asymptotic p — value of 0.000 strongly
suggests that the coefficient of concordance was not
zero, meaning that there was some agreement among
judges in terms of how they ranked the NIGAs.
Accordingly, the null hypothesis that the Kendall's W was
zero (that is, there was perfect disagreement among the
judges or respondents) is rejected. However, the fact that
the Kendall's W was not equal to 1 (that is, the
judges/respondents did not perfectly agree amongst
themselves) does not imply that they did not rank the
NIGAs in the same order but each NIGA faired well at the
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Ranking of NIGAs based on their potential as livelihocod and biodiversity
conservation strategies
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Figure 3. A bar chart showing the results of NIGA ranking based on their importance as livelihoods and

biodiversity conservation strategies.

hands of some judges or rankers (respondents) and
poorly at the hands of others (Meheta and Patel/SPSS
Inc., 1996). Under perfect disagreement, each NIGA
would fare the same overall and would thereby produce
identical values for equal total rankings for all NIGAs,
consequently, the Kendall’'s W would be equal to zero. It
should also be noted that, the test-statistic, Chi-square
(,2) is synonymous to variance over the mean ranks: it is

zero when the mean ranks are exactly equal and
becomes larger as they lie further apart. The asymptotic
significance (our p — value) is less than 0.05 confirming
that the rankings were statistically significantly different
for all the five categories of NIGA. Agroforestry and
terraces/contour farming were rated most favourably with
mean ranks of 4.11 and 3.22, respectively, followed by
soil/stone bunds and other NIGAs, such as natural fallow,
use of composite manure, crop rotation, and others rarely
adopted NIGAs combined together (both categories with
a mean rank of 2.57). Unexpectedly, beekeeping in this
case was ranked the fifth with a mean rank of 2.52.

The present results of Kendall’s tau and Spearman
rank correlations are presented in Table 6. We used
these statistics to evaluate the extent to which the five
categories of NIGAs were interrelated or associated. The
data contained five NIGA categories (adoption of
agroforestry, terraces/contour farming, beekeeping and

other NIGAs) which were ordinal variables making it
reasonable to use either of the two rank correlations. We
used both test statistics and they vyielded similar
correlation coefficients.

The results of statistical tests using the Kendall's tau
and Spearman’s rho indicate that the p - values of
correlations between the adoption of agroforestry/tree
planting and soil/stone bunds were statistically significant
(rs=0.212, p = 0.009). The adoption of agroforestry was
also positively associated with adoption of beekeeping (rs
= 0.189, p = 0.019), and other NIGAs (rs = 0.212, p =
0.009). The adoption of terraces and contour farming was
positively interrelated with soil/stone bunds (rs = 0.273, p
= 0.001). The p - value of correlation between the
adoption of soil/stone bunds and beekeeping was
statistically significant (rs = 0.356, p = 0.000). It was also
statistically significant between the adoption of soil/stone
bunds and other NIGAs (rs = 0.512, p = 0.000).
Consequently, we failed to reject the null hypothesis that
the NIGAs adopted by smallholder farmers in the study
area are interrelated.

These results are interesting and have important
implication for policy making and promotion of NIGAs in
mountain areas. From the test statistics presented in
Table 6, it is reasonable to argue that the association
between adoption of soil/stone bunds and other NIGAs



184 J. Dev. Agric. Econ.

Table 4. Proportion of households who practised NIGAs by type of NIGA.

Type of NIGA/response Frequency % Cumulative (%)
Agroforestry

No=0 43 27.9 27.9
Yes=1 111 72.1 100.0
Total 154 100.0
Terraces/contour farming

No=0 98 63.6 63.6
Yes=1 56 36.4 100.0
Total 154 100.0

Soil/Stone bunds

No=0 138 89.6 89.6
Yes=1 16 10.4 100.0
Total 154 100.0

Beekeeping

No=0 141 91.6 91.6
Yes=1 13 8.4 100.0
Total 154 100.0

Other NIGAs*

No=0 138 89.6 89.6
Yes=1 16 104 100.0
Total 154 100.0

*Other NIGAs include the remainder of NIGAs which were rarely practised by farmers in the
study area, such as natural fallow, the use of composite manure, and crop rotation.

(such as natural fallow, use of composite manure, and
crop rotation) was the strongest amongst all associations.
This implies that farmers who adopt soil/stone bunds in
mountain areas are also more likely to invest in other
NIGAs. More interesting is the finding that farmers who
adopted agroforestry were also willing to invest in soil
and stone bunds, beekeeping and other NIGAs. We
therefore affirm that, if well informed by the perception of
target farmers, appropriately packaged and supported by
transforming structures and processes, NIGAs have the
potential to enhance livelihoods and biodiversity
conservation in mountain areas. Similar arguments are
given by Rajendran et al. (2016) who underscore the
need for provision of adequate farmer training by non-
governmental organizations and rural institutions to
complement change agents, such as, public extension
officers.

Perceptions of farmers about the role of agroforestry
in biodiversity conservation

The results of analysis of the respondents’ perceptions

about the potential of agroforestry as effective
biodiversity conservation strategy using Likert-type and
Likert scale data were compared. Figure 4, Tables 7 and
8 present the results of the analysis for the Likert-type
data. The cumulative scores (sum of scores 3 and 4) for
reduced reliance on firewood and building poles were 76
and 61%, respectively (Figure 4 and Table 7). The mean
(average) scores were 3.1 and 2.6 for reduced reliance
on firewood and building poles (Tables 7 and 8). These
results suggest that communities in the study area have
moderately reduced reliance on firewood and building
poles from UFR. However, there was no evidence to
statistically conclude that the communities have reduced
reliance on wood products because the cumulative score
and mean score for wood products were 44.2 and 2.2%
respectively, which according to the grading criteria
presented in Table 3, these scores fall under the “low” or
“poor” category).

The analysis of Likert scale data resulted in
conclusions similar to that of Likert-type data (Tables 9
and 10). The mean Likert scale score was 2.6 and the
cumulative mean score was about 7.9 both supporting
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Type of NIGA Mean rank Std. deviation Test statistics
a) Kendall’s W test

Agroforestry 4.11 0.450 -
Terraces/contour farming 3.22 0.483 -
Soil/stone bunds 2.57 0.306 -
Beekeeping 2.52 0.279 -
Other NIGAS* 2.57 0.306 -
Kendall's W? - - 0.400
Chi-Square - - 241.527
Df - - 4
Asymp. Sig. - - 0

b) Friedman test

Agroforestry 4.11 0.450 -
Terraces/contour farming 3.22 0.483 -
Soil/stone bunds 2.57 0.306 -
Beekeeping 2.52 0.279 -
Other NIGAS* 2.57 0.306 -
Chi-Square - - 241.527
Df - - 4
Asymp. Sig. - - 0

c) Average spearman correlation - - 0.405

*Other NIGAs included natural fallow, use of composite manure, crop rotation, and others which were rarely practiced

by farmers. *Kendall's Coefficient of Concordance.

Table 6. Correlation coefficients (N = 154).

Adoption of Adoption of Adoption of Adoption of Adoption of

Parameter agroforestry terraces/gontour soil/stone bunds  beekeeping other

farming NIGAs
Kendall's tau b
Adoption of agroforestry 1.000 -0.101 0.212* 0.189* 0.212**
Adoption of terraces/contour farming -0.101 1.000 0.273** 0.110 0.008
Adoption of soil/stone bunds 0.212** 0.273** 1.000 0.356** 0.512**
Adoption of beekeeping 0.189* 0.110 0.356** 1.000 0.356**
Adoption of other NIGAs 0.212** 0.008 0.512** 0.356** 1.000
Spearman's rho
Adoption of agroforestry 1.000 -0.101 0.212* 0.189* 0.212**
Adoption of terraces/contour farming -0.101 1.000 0.273** 0.110 0.008
Adoption of soil/stone bunds 0.212** 0.273* 1.000 0.356** 0.512**
Adoption of beekeeping 0.189* 0.110 0.356** 1.000 0.356**
Adoption of other NIGAs 0.212** 0.008 0.512** 0.356** 1.000

**Correlation is significant at the 0.01 level (2-tailed). *Correlation is significant at the 0.05 level (2-tailed).

the assertion that communities

in the study area
moderately reduced their reliance on timber

products

from the reserve (firewood, building poles and wood
considered together) and hence it is sensible to argue
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Has agroforestry reduced reliance on the following forest products from UFR?
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Figure 4. A bar chart summarizing the responses of three Likert-type questions.

Table 7. Summary results of Likert-type analysis for reduced reliance on products from forest reserve.

Responses by products Frequency % Cumulative (%)
Firewood

Strongly disagree (1) 16 10.4 104
Disagree (2) 21 13.6 24.0
Agree (3) 46 29.9 53.9
Strongly agree (4) 71 46.1 100.0
Total 154 100.0

Cumulative scores 3 & 4 76.0
Minimum score 1
Maximum score 4
Average score 3.12
Building poles

Strongly disagree (1) 25 16.2 16.2
Disagree (2) 35 22.7 39.0
Agree (3) 73 47.4 86.4
Strongly agree (4) 21 13.6 100.0
Total 154 100.0

Cumulative scores 3 & 4 61.0
Minimum score 1
Maximum score 4
Average score 2.58
Wood

Strongly disagree (1) 43 27.9 27.9
Disagree (2) 43 27.9 55.8
Agree (3) 62 40.3 96.1
Strongly agree (4) 6 3.9 100

Total 154 100
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Cumulative scores 3 & 4
Minimum score
Maximum score
Average score

Table 8. Summary of results for median Likert-type analysis.

Score Frequency Percent Cumulative %
1 21 13.6 13.6

2 39 25.3 39.0

3 69 44.8 83.8

4 25 16.2 100.0
Total 154 100.0

Mean 2.6364
Median 3

that biodiversity conservation has reasonably improved in
the study area. This implies that agroforestry has
performed relatively better than the other NIGAs which
were introduced by different programmes and initiatives
in the study area.

Unfortunately the results were a bit different for
beekeeping. Though it was ranked as the second
important NIGA that has the potential to enhance
livelihoods, beekeeping was practiced by very few
farmers, only 8.4% of all farmers (Table 4). The low
adoption of beekeeping was attributed to many factors,
including the lack of suitable land at the proximity of
farmer's homestead, inadequate access to extension
services and lack of capital. Previous studies have also
reported different reasons for the low rate of adoption
(Vyamana, 2009; Mahonge, 2015). Taking a cultural
perspective, Mahonge (2015), for example, attributed the
low rate of beekeeping adoption in the study area to the
persistence of a norm locally dubbed “Kazopata” which is
considered to hinder cooperative agreements in the
implementation of beekeeping projects. This draws some
particular allurements since many programmes and
initiatives that promoted beekeeping in the study area
have mostly entailed the use of farmer groups as a
framework for sharing knowledge, skills and capacity.
Yet, farmer groups have mostly existed just notionally
rather than materially due to the “Kazopata” norm
(Mahonge, 2015). According to Mahonge, the norm
expressed an inclination of some individuals in the
communities to have a covetous character over someone
else’s ownership, accomplishments and rewards. To
showcase this, Mahonge (2015) provides a few cases
where farmer groups in the study area were given
beehives expecting that the hives would be managed

communally but the group members ended up dividing
the beehives amongst themselves and practicing
beekeeping on an independent basis.

Vyamana (2009) attributed the low rate of beekeeping
adoption in Uluguru Mountains to high investment costs.
He argued further that beekeeping in this area only
benefited a very small humber of elite vilage members
who could afford initial investment costs. He added that,
as part of the investment in beekeeping, the farmer was
required to either make his/her own beehives or purchase
beehives from commercial dealers. In essence, Vyamana
(2009) viewed beekeeping projects as less inclusive, at
least in the context of poor farmers in Uluguru Mountains,
who could not only afford to invest in these projects but
also to provide their labour for beekeeping and wait for
several months before accruing benefits. The reason
seems modest and coherent: poor farmers need
immediate money to meet their immediate daily
subsistence needs first before they consider partaking
expensive projects.

Elsewhere within the EAMSs, in Udzungwa Mountains,
Katani and Ndelolia (2020) attributed the low rate of
practicing beekeeping to lack of suitable equipment and
inadequate extension services. They indicated that the
costs of modern beekeeping equipment were too high to
be afforded by smallholder farmers who would wish to
practice beekeeping. Consequently, the beekeepers in
Udzungwa Mountains opted to use traditional beehives
which offered them relatively lower income than when
they could use modern beehives. In fact, Katani and
Ndelolia (2020) indicated furthermore that productivity
could even double if the farmers were able to use modern
beehives. In fact, the information we gathered during
FGDs and Klls conducted in the study area indicated
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Table 9. Summary of results for mean Likert scale analysis.

Mean score Frequency Percent Cumulative (%)
1.0 11 7.1 7.1
1.3 10 6.5 13.6
17 14 9.1 22.7
2.0 17 11 33.8
23 7 45 38.3
2.7 11 7.1 455
3.0 32 20.8 66.2
3.3 27 17.5 83.8
3.7 23 14.9 98.7
4.0 2 1.3 100
Total 154 100 -
Minimum score 1
Maximum score 4
Mean score 2.6342
Std. Dev 0.85793

Table 10. Summary of results for composite Likert scale analysis.

Total score Frequency % Cumulative (%)
3 17 11 7.1
4 13 10 13.6
5 21 14 22.7
6 23 17 33.8
7 8 7 38.3
8 12 11 455
9 38 32 66.2
10 37 27 83.8
11 29 23 98.7
12 3 2 100
Total 154 100 -
Minimum cumulative score - - 3
Maximum cumulative score - - 12
Mean score - - 7.9026
Std. Dev. - - 2.5738

that, honey production using the traditional (locally made)
beehives was as low as merely 5 litres per year, whereas
that from a modern beehive would range from 15 to 20
litres per annum.

CONCLUSIONS AND POLICY IMPLICATIONS

This study was conducted in Uluguru Mountains,
Tanzania to assess the perceptions of local communities
about the role of different NIGAs as livelihood coping and
biodiversity conservation strategies. Specifically, the

Kendall's Coefficient of Concordance (W)/Kendall's tau,
the Spearman correlation/Spearman’s rho), and the Likert
scale methods were used. Our Kendall's, W statistic
suggested that to some extent, the respondents (judges
or rankers) agreed with each other about the rankings of
NIGAs though not at a super high extent. Based on this
result, the null hypothesis that the respondents or farmers
in the study area did not agree among themselves about
the NIGAs that are potential as livelihood and biodiversity
conservation strategies or the hypothesis that the
Kendall's W was zero (that is, there was perfect
disagreement among the judges or respondents) was



rejected in favour of the alternative hypothesis. Based on
the Spearman’s rho and Kendall’s tau statistics, we also
failed to reject the null hypothesis that the NIGAs adopted
by smallholder farmers in the study area were
interrelated.

The extent to which the adoption of agroforestry helped
to reduce the reliance of communities in the study sites
and frequency of using timber products from UFR were
also examined. Literally, we assumed that the adoption of
agroforestry would help reducing the demand of woody
products from the reserve. We therefore used this as an
indicator of improved biodiversity conservation and
evaluated it using the Likert-type and Likert scale data.
The analysis in both cases vyielded similar results
suggesting that the communities in the study area
moderately reduced their reliance on timber products
from the UFR. The hypothesis of improved biodiversity
conservation was therefore accepted.

Overall, the study findings suggest an important policy
implication regarding the necessity for policy makers and
development partners to understand the real needs and
priorities of target communities prior to the implementation
of projects and initiatives that aim at enhancing the
livelihood and biodiversity conservation. This is
imperative not only for winning the support of beneficiaries
but also for designing the right outreach package, out-
scaling and diffusion strategies. Therefore, it was
concluded that the understanding of specific attitudes and
perceptions of target farmers is a prerequisite for
developing the relevant transforming structures and
processes to promote NIGAs.

CONFLICT OF INTERESTS

The authors have not declared any conflict of interests.

ACKNOWLEDGEMENTS

This paper is based on a postgraduate research
conducted under the Department of Forest and
Environmental Economics of the Sokoine University of
Agriculture (SUA) in Tanzania. The authors thank the
former and current heads of the Department of Forest
and Environmental Economics at SUA, Prof. Jumanne
Abdallah and Dr. Greyson Z. Nyamoga, respectively, as
well as the academic staff in the department for their
enormous academic support. They also thank Mr.
Raymond R. Kilenga, the Programme Officer of the
Eastern Arc Mountains Conservation Endowment Fund;
Ms. Bernadetha Chille, the Principle Forest Officer of the
Uluguru Forest Nature Reserve; the respondents and
village/hamlet leaders in the study area for their hands of
support as well as excellent cooperation and inputs
during the fieldwork.

Kadigi et al . 189

REFERENCES

Abdul-Gafar A, Xu S, Yu W (2016). Perceptions of rice farmers towards
production constraints: case study of Niger State of Nigeria and
Hainan of China. Journal of Agricultural Chemistry and Environment
5(1):20-30.

Abdullah MB (1990). On a robust correlation coefficient. Journal of the
Royal Statistical Society. Series D (The Statistician) 39:455-460.

Agbo AA (2014). Cronbach’s alpha: review of limitations and associated
recommendations. Journal of Psychology in Africa 20(2):233-239.

Alonge AJ, Martin RA (1995). Assessment of the adoption of
sustainable agriculture practices: implications for agricultural
education. Journal of Agricultural Education 3(3):34-42.

Al-Osail AM, Al-Sheikh MH, Al-Osail EM, Al-Ghamdi MA, Al-Hawas AM,
Al-Bahussain AS, Al-Dajani AA (2015). Is Cronbach’s alpha sufficient
for assessing the reliability of the OSCE for an internal medicine
course? BMC Research Notes 8(582):1-6.

Armstrong RA (2019). Should Pearson’s correlation be avoided?
Ophthalmic Physiological Optics, 39(5):316-327.

Arslan A, Floress K, Lamanna C, Lipper L, Asfaw S, Rosenstock T
(2020). The adoption of improved agricultural technologies: a meta-
analysis for Africa, 63 IFAD Research Series 47 p.

Ayubu S (2017). Value chain analysis of farmed Nile tilapia in selected
areas, Tanzania. Doctoral Dissertation, Sokoine University of
Agriculture, Morogoro, Tanzania.

Baccar M, Bouaziz A, Dugué P, Gafsi M, Le Gal PY (2020).
Sustainability viewed from farmers’ perspectives in a resource-
constrained environment. Sustainability 12(8671):1-15.

Bagheri A, Fami HS, Rezvanfar A, Asadi A, Yazdani S (2008).
Perceptions of paddy farmers towards sustainable agricultural
technologies: case of Haraz catchments area in Mazandaran
province of Iran. American Journal of Applied Science s 5(10):1384-
1391.

Balakrishnan N, Lai CD (2009). Continuous bivariate distributions. 2nd
Edition. New York, Springer 684 p.

Banmeke TOA, Ajayi MT (2008). Farmers’ perception of the Agricultural
Information Resource Centre at Ago-Are, Oyo State, Nigeria.
International Journal of Agricultural Economics & Rural Development
1(1):22-29.

Behnke AO, Kelly C (2011). Creating programs to help Latino youth
thrive at school: the influence of Latino parent involvement programs.
Journal of Extension 49(1), Article 1FEA7.

Bhatia Z, Buckley P (1998). The Uluguru slopes planning project:
promoting community involvement in biodiversity conservation.
Journal of East African Natural History 87(1):339-347.

Boone Jr. HN, Boone DN (2012). Analysing Likert data. Journal of
Extension 50(2).

Chaudhary S, Tshering D, Phuntsho T, Uddin K, Shakya B, Chettri N
(2017). Impact of land cover change on a mountain ecosystem and
its services: case study from the Phobjikha valley, Bhutan.
Ecosystem Health and Sustainability 3(9):1-12.

Chevallier R (2016). The state of community-based natural resource
management in Southern Africa: assessing progress and looking
ahead. Occasional Paper 240. South African Institute of International
Affairs, Johannesburg, South Africa 33 p.

Chok NS (2010). Pearson’s versus Spearman’s and Kendall's
correlation coefficients for continuous Data. a thesis submitted in
partial fulfillment of Master of Science, University of Pittsburgh,
Graduate School of Public Health 43 p.

Clason DL, Dormody TJ (1994). Analyzing data measured by individual
Likert-type items. Journal of Agricultural Education 35(4):31-35.

Coche AG (1991). The future of aquaculture in Southern Africa. In
ALCOM News (4):4-9.

Cooper J, Blackman SF, Keller KT (2015). The Science Attitudes. New
York: Routledge.

EAMCSEF website (undated).
http://www.easternarc.or.tz/mountain/uluguru/

Emmanuel AD (2014). Farmers’ perception of agricultural technologies:
a case of some improved crop varieties in Ghana. Agriculture,
Forestry and Fisheries 3(1):13-16.

Beekeeping.



190 J. Dev. Agric. Econ.

Etikan I, Alkassim R, Abubakar S (2016). Comparison of snowball
sampling and sequential sampling technique. Biometrics and
Biostatistics International Journal 3(1):00055.

FAO (2000). Farm management and production economics service:
FAO inland water resources and aquaculture service. Small ponds
make a big difference. Integrating Fish and Livestock Farming.
Rome, 30p.

Garth A (2008). Analysing data using SPSS. Sheffield Hallam
University, Sheffield, UK, 94p.

Goeb R, McCollin C, Rmalhoto MF (2007). Ordinal methodology in the
analysis of Likert scales, Quality & Quantity: International Journal of
Methodology 41(5):601-626.

Harrison EA, Mdee AL (2017). Successful small-scale irrigation or
environmental destruction? The political ecology of competing claims
on water in the Uluguru Mountains,Tanzania. Journal of Political
Ecology 24(1):407-424.

Hartley D, Kaare S (2001). Institutional, policy and livelihoods analysis
of communities adjacent to Uluguru Mountains Catchment Reserve,
Easter Arc Mountains, CARE/Tanzania 162 p.

Heckathorn DD (2015). Snowball versus respondent-driven sampling.
Sociological Methodology 41(1):355-366.

Houet T, Loveland TR, Hubert-Moy L, Gaucherel C, Napton D, Barnes
CA, Sayler K (2010). Exploring subtle land use and land cover
changes: a framework for future landscape studies. Landscape
Ecology 25(2):249-266.

Hubert GM (2009). Robust and nonprametric statistical methods.
Comprehensive Chemometrics, Chemical and Biochemical Data
Analysis 1:189-211.

Jara-Rojas R, Russy S, Roco L, Fleming-Mufioz D, Engler A (2020).
Factors affecting the adoption of agroforestry practices: insights from
silvopastoral systems of Colombia. Forests 11(648):1-15.

Jha S, Kaechele H, Lana M, Amjath-Babu TS, Sieber S (2020).
Exploring farmers’ perceptions of agricultural technologies: a case
study from Tanzania. Sustainability 12(3):998.

Katani JZ, Ndelolia D (2020). Beekeeping around Udzungwa Mountains
National Park in Kilombero District, Tanzania. Tanzania Journal of
Forestry and Nature Conservation 89(1).

Kendall MG (1938). A new measure of rank correlation. Biometrika
30:81-93.

Kendall MG, Babington SB (1939). The problem of m rankings. The
Annals of Mathematical statistics 10(3):275-287.

Kraemer HC (1976). The small sample nonnull properties of Kendall's
coefficient of concordance for normal populations. Journal of the
American Statistical Association 71(355):608-613.

Krosnick JA, Judd CM, Wittenbrink B (2018). The measurement of
attitudes. In: Albarracin, D., Johnson, B.T., Zanna, M.P. (editors). The
handbook of attitudes, 2" Edition, Mahwah NJ (Ed), Lawrence
Erlbaum Associates Publishers, New York, 2018, pp. 21-76.

LeDonne NC, Rissolo K, Bulgarelli J, Tini L (2011). Use of structure-
activity landscape index curves and curve integrals to evaluate the
performance of multiple machine learning prediction models. Journal
of Cheminformatics 3(7):1-12.

Legendre P (2005). Species associations: the Kendall coefficient of
concordance revisited. Journal of Agricultural, Biological, and
Environmental Statistics 10(2):226-245.

Legendre P (2010). Coefficient of concordance, In: Salkind NJ (ed).
Encyclopedia of research design. SAGE Publications, Inc., Los
Angeles 1:1776 .

Li Q (2013). A novel Likert scale based on fuzzy sets theory. Expert
Systems with Applications 40(5):1609-1618.

Likert R (1932). A technique for the measurement of attitudes. Archives
of Psychology 140:5-55.

Maheta CR, Patel NR/SPSS Inc. (1996). SPSS exact tests — 7.0 for
windows. Marketing Department, SPSS Inc., Chicago, United States
of America, 220p.

Mahonge CP (2015). Towards socio-economic development: influence
of culture dimension on intervention pathways in Uluguru Mountains
and Matengo highlands in Tanzania. International Journal of
Education and Reserach 3(1):655-668.

Malisa ETI, Mattee AZ, de Graaf J (2016). The influence of high value

crops promotion on soil and water conservation practices in the
Uluguru Mountains. Tanzania Journal of Agricultural Science
15(2):69-80.

Massawe PI, Nyoki D, Mvena A, Chambile EL (2020). Assessments of
environmental impacts of Uluguru North water catchment forest
reserve in Morogoro, Tanzania. International Research Journal of
Applied Science 2(2):34-39.

Maswadi OS, Suharyani A (2018). The effect of farmer characteristics
on perceptions of the fermented cocoa beans technology in
Bengkayang Regency, West Kalimantan. Journal of Agricultural
Science Agritropica 1(2):85-92.

McKillup S (2005). Statistics explained: an introductory guide for life
sciences. Cambridge, UK, Cambridge University Press, 267p.

Mengist W, Soromessa T, Legese G (2020). Ecosystem services
research in mountainous regions: a systematic literature review on
current knowledge and research gaps. Science of the Total
Environment 702(134581): 1-17.

Meseret D (2014). Determinants of farmers’ perception of soil and water
conservation practices on cultivated land in Ankesha District,
Ethiopia. Agricultural Science Engineering and Technology Research
2(5):1-9.

Mhina JA (2015). Impact of fishpond for socio-economic and nutritional
improvement: A case study of Kalundwa and Kibwaya villages-
Mkuyuni division in Morogoro-Tanzania. International Journal of
Science and Research 4(9):2109-2110.

Mkonda MY, He X (2017). The potential of agroforestry systems in East
Africa: a case of the Eastern Arc Mountains of Tanzania. International
Journal of Plants and Soil Science 14(3):1-11.

Moges DM, Taye AA (2017). Determinants of farmers’ perception to
invest in soil and water conservation technologies in the North-
Western Highlands of Ethiopia. International Soil Water Conservation
Research 5(1):56-61.

Mugula VJ, Mkuna E (2016). Farmer’s perceptions on climate change
impacts in different rice production systems in Morogoro Tanzania.
International Journal of Scientific and Research Publications 6:334-
340.

Musinguzi P, Bosselmann AS, Pouliot M (2018). Livelihoods -
conservation initiatives: evidence of socio-economic impacts from
organic honey production in Mwingi, Eastern Kenya. Forest Policy
and Economics 97(C):132-145.

Ndambiri HK, Ritho CN, Mbogoh SG (2013). An evaluation of farmers’
perceptions of and adaptation to the effect of climate change in
Kenya. International Journal of Food and Agricultural Economics
1:75-96.

Negatu W, Parikh A (1999). The impact of perception and other factors
on the adoption of agricultural technology in the Moret and
JiruWoreda of Ethiopia. Journal of Agricultural Economics 21:205-
216.

Oo SP, Usami K (2020). Farmers’ perception of good agricultural
practices in rice production in Myanmar: a case study of Myaungmya
District, Ayeyarwady Region. Sustainability 10(249):1-20.

Pescaroli G, Velazquez O, Alcantara-Ayala |, Galasso C, Kostkova P,
Alexander D (2020). A Likert-based model for benchmarking
operational capacity, organizational resilience, and disaster risk
reduction. International Journal of Disaster Risk Science 11:404-409..

Pinthukas N (2015). Farmers’ perception and adaptation in organic
vegetable production for sustainable livelihood in Chiang Mai
Province. Agriculture and Agricultural Science Procedia 5:46-51.

Pollard B, Johnston M (2001). Problems with the sickness impact
profile: a theoretically based analysis and a proposal for a new
method of implementation and scoring. Social Science and Medicine
52(6):921-934.

Pollard B, Johnston M, Dixon D (2007). Theoretical framework and
methodological development of common subjective health outcome
measures in osteoarthritis: a critical review. Health Quality Life
Outcomes 5(14):1-9

Pongvinyoo P, Yamao M, Hosono K (2014). Factors affecting the
implementation of good agricultural practices (GAP) among coffee
farmers in Chumphon Province, Thailand. American Journal of Rural
Development 2(2):34-39.



Ragin CC (2000). Fuzzy-set social science. London, The University of
Chicago Press, Ltd, Chicago, lllinois, USA 370 p.

Rajendran N, Tey YS, Brindal M, Ahmad-Sidique SF, Shamsudin MN,
Radam A, Abdul-Hadi AHI (2016). Factors influencing the adoption of
bundled sustainable agricultural practices: a systematic literature
review. International Food Research Journal 23(5):2271-2279.

Reibstein D, Lovelock C, de Ricardo PD (1980). The direction of
causality between perceptions, affect, and behaviour: an application
to travel behaviour. Journal of Consumer Research 6(4):370-376.

Robinson P, Shepard R (2011). Outreach, applied research, and
management needs for Wisconsin's great lakes fresh estuaries: a
cooperative extension need assessment model. Journal of Extension
49(1), Article 1FEA3.

Rogers EM (2003). Diffusion of innovations, 5th edition, Simon &
Schuster, New York, NY, USA 251 p.

Rubaish AA (2010). On the contribution of student experience survey
regarding quality management in higher education: an institutional
study in Saudi Arabia. Jornal of Service Science and Management
3(4):464-469.

Ruheza S, Tryphone GM, Khamis ZK (2012).The impact of land tenure
and degradation on adoption of agroforestry in Uluguru mountains
forest, Tanzania. Journal of Environmental Science and Water
Resources 1(10):236-242.

Sasima F, Suneeporn S, Panya M (2016). Farmer’'s perceptions
towards economic sustainability of rice farming in peri-urban area,
Bangkok, Thailand. International Journal of Agricultural Technology
12(7.2): 1759-1772.

Schober P, Boer C, Schwarte LA (2018). Correlation coefficients:
appropriate use and interpretation. Anesthesia and Analgesia
126(5):1763-1768.

Smathers WMJr (1982). Farmers’ attitudes: omitted factors in nonpoint
pollution policy. In: Perceptions, attitudes, and risk: overlooked
variables in formulating public policy on soil and water conservation
and water quality — An Organized Symposium, US Department of
Agriculture, Washington, DC, USA, pp. 38-49.

Streiner DL (2003). Staring at the beginning: an introduction to
coefficient alpha and internal consistency. Journal of Personality
Assessment 80(1):99-103.

Sunderlin WD, Huynh TB (2005). Poverty alleviation and forests in
Vietnam. Bogor, Indonesia Center for International Forestry Research
(CIFOR) 73 p.

Surkin J (2011). Natural resource governance, empowerment and
poverty reduction: Learning from practice. IUCN, Gland, Switzerland
16 p.

Sutherland WJ, Aveling R, Brooks TM, Clout M, Dicks LV, Fellman L,
Fleishman E, Gibbons DW, Keim B, Lickorish F, Monk KA, Mortimer
D, Peck LS, Pretty J, Rockstrém J, Rodriguez JP, Smith RK,
Spalding MD, Tonneijck FH, Watkison AR (2014). A horizon scan of
global conservation issues for 2014. Trends in Ecology and Evolution
29(1):15-22.

Tanzania Forest Conservation Group — TFCG (2017) . Tanzania’s
Nature Reserves. Special Issue, The Arc Journal, Biannual
Newsletter 30:32.

Tavakol M, Dennick R (2011). Making sense of Cronbach’s alpha.
International Journal of Medical Education 2:53-55.

Thompson NM, Bir C, Widmar DA, Mintert JR (2019). Farmer
perceptions of precision agriculture technology benefits. Journal of
Agricultural and Applied Economics 51(1):142-163.

Kadigi et al . 191

Tiisekwa JB (2002). Contribution and potential of indigenous fruits to
household food security in Uluguru Mountains areas in Morogoro
District, Tanzania. @ MA Thesis in Rural Development, World
Agroforestry, 184 pp.

Tole L (2010). Reforms from the ground up: a review of community-
based forest management in tropical developing countries.
Enviromental Management 45(6):1312-1331.

Van Donge J (1992). Agricultural decline in Tanzania: the case of the Uluguru
Mountains. African Affairs 91(362): 73-94.

Voshaar MJH, Vriezekolk JE, van Dulmen AM, van den Bemt BJF, van
de Laar MAFJ (2021). Ranking facilitators and barriers of medication
adherence by patients with inflammatory arthritis: a maximum
difference scaling exercise. BMC Musculoskeletal Disorders
22(21):1-10.

Vyamana VG (2009). Participatory forest management in the Eastern Arc
Mountains of Tanzania: who benefits? The International Forestry Review
11(2):239-253.

Wang Y, Dai E, Yin L, Ma L (2018). Land use/land cover change and
the effects on ecosystem services in the Hengduan Mountain Region,
China. Ecosystem Services 34:55-67.

Wildlife Conservation Society of Tanzania (WCST) (2010). A
Socioeconomic study in the Ngerengere catchment area in Morogoro,
Uluguru mountains payment for watershed services project: enabling
communities to benefit from the sustainable management of the
Ulugurus. Wildlife Conservation Society of Tanzania (WCST),
Morogoro, Tanzania 75 p.

William CMP (2010). Ecology, conservation and climate-fire challenges
on Uluguru Mountain biodiversity hotspot, Tanzania. Ph.D thesis,
University of Minnesota, USA 178 p.

Yamane Y, Ito K (2020). Sociocultural mechanisms concerning cropping
systems in mountain agriculture: a case study of the Eastern slopes
of Tanzania’s Uluguru mountains. Agriculture 10(9):377.

Yanda PZ, Munishi PKT (2007). Hydrologic and land use/cover change
analysis for the Ruvu River (Uluguru) and Sigi River (East Usambara)
watersheds. WWF/CARE, Dar es Salaam, Tanzania 80 p.



