
����������
�������

Citation: Swamila, M.; Philip, D.;

Akyoo, A.M.; Manda, J.; Mwinuka, L.;

Smethurst, P.J.; Sieber, S.;

Kimaro, A.A. Profitability of

Gliricidia-Maize System in Selected

Dryland Areas of Dodoma Region,

Tanzania. Sustainability 2022, 14, 53.

https://doi.org/10.3390/su14010053

Academic Editor:

Andreas N. Angelakis

Received: 9 November 2021

Accepted: 8 December 2021

Published: 21 December 2021

Publisher’s Note: MDPI stays neutral

with regard to jurisdictional claims in

published maps and institutional affil-

iations.

Copyright: © 2021 by the authors.

Licensee MDPI, Basel, Switzerland.

This article is an open access article

distributed under the terms and

conditions of the Creative Commons

Attribution (CC BY) license (https://

creativecommons.org/licenses/by/

4.0/).

sustainability

Article

Profitability of Gliricidia-Maize System in Selected Dryland
Areas of Dodoma Region, Tanzania

Martha Swamila 1,*, Damas Philip 1, Adam Meshack Akyoo 1, Julius Manda 2 , Lutengano Mwinuka 3,4 ,
Philip J. Smethurst 5, Stefan Sieber 6,7 and Anthony Anderson Kimaro 8

1 College of Economics and Business Studies, Sokoine University of Agriculture,
Morogoro P.O. Box 3007, Tanzania; philip@sua.ac.tz (D.P.); akyoo63@sua.ac.tz (A.M.A.)

2 International Institute of Tropical Agriculture (IITA), Duluti, Arusha P.O. Box 10, Tanzania; j.manda@cgiar.org
3 Department of Economics, The University of Dodoma (UDOM), Dodoma P.O. Box 1208, Tanzania;

mwinuka@ruc.dk
4 Department of Social Sciences and Business, Global Political Sociology, Roskilde University Postbox 260,

4000 Roskilde, Denmark
5 Commonwealth Scientific and Industrial Research Organisation (CSIRO), 15 College Road,

Sandy Bay TAS 7005, Private Bag 12, Hobart, TAS 7001, Australia; Philip.Smethurst@csiro.au
6 The Leibniz Centre for Agricultural Landscape Research (ZALF), Eberswalder Str. 84,

15374 Müncheberg, Germany; stefan.sieber@zalf.de
7 Department of Agricultural Economics, Faculty of Life Sciences Thaer-Institute, Humboldt-Universität zu

Berlin, Unter den Linden 6, 10099 Berlin, Germany
8 ICRAF-Tanzania Country Programme, World Agroforestry (ICRAF), Dar es Salaam P.O. Box 6226, Tanzania;

a.kimaro@cgiar.org
* Correspondence: marthaswamila@yahoo.com; Tel.: +255-713-067774

Abstract: Declining soil fertility and climatic extremes are among major problems for agricultural
production in most dryland agro-ecologies of sub-Saharan Africa. In response, the agroforestry tech-
nology intercropping of Gliricidia (Gliricidia sepium (Jacq.)) and Maize (Zea mays L.) was developed to
complement conventional soil fertility management technologies. However, diversified information
on the profitability of Gliricidia-Maize intercropping system in dryland areas is scanty. Using data
from the Gliricidia and maize models of the Next Generation version of the Agriculture Production
Systems sIMulator (APSIM), this study estimates the profitability of the Gliricidia-Maize system
relative to an unfertilized sole maize system. Results show significant heterogeneity in profitability
indicators both in absolute and relative economic terms. Aggregated over a 20-year cycle, Gliricidia-
Maize intercropping exhibited a higher Net Present Value (NPV = Tsh 19,238,798.43) and Benefit
Cost Ratio (BCR = 4.27) than the unfertilized sole maize system. The NPV and BCR of the latter
were Tsh 10,934,669.90 and 3.59, respectively. Moreover, the returns to labour per person day in
the Gliricidia-Maize system was 1.5 times those of the unfertilized sole maize system. Sensitivity
analysis revealed that the profitability of the Gliricidia-Maize system is more negatively affected
by the decrease in output prices than the increase in input prices. A 30% decrease in the former
leads to a decrease in NPV and BCR by 38% and 30%, respectively. Despite the higher initial costs
of the agroforestry establishment, the 30% increase in input prices affects more disproportionally
unfertilized sole maize than the Gliricidia-Maize system in absolute economic terms, i.e., 11.1% versus
8.8% decrease in NPV. In relative economic terms, an equal magnitude of change in input prices exerts
the same effect on the unfertilized sole maize and the Gliricidia-maize systems. This result implies
that the monetary benefits accrued after the first year of agroforestry establishment offset the initial
investment costs. The Gliricidia-Maize intercropping technology therefore is profitable with time,
and it can contribute to increased household income and food security. Helping farmers to overcome
initial investment costs and manage agroforestry technologies well to generate additional benefits is
critical for the successful scaling of the Gliricidia-Maize intercropping technology in dryland areas of
Dodoma, Tanzania.
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1. Introduction

The sustainable productivity of field crops such as cereals and pulses in most dryland
areas of sub-Saharan Africa (SSA) is limited by declining soil fertility and high vulnerability
to weather and natural disasters [1–4]. Most cereal food crops such as maize are produced
under low nitrogen (N) and phosphorous (P) conditions that have contributed to the yield
gap of between 200% and 300% [5–8]. Additionally, maize yields are sensitive to changes in
climate. For instance, earlier studies [9–11] projected that by 2050, the temperature increase
of 2 ◦C will decrease grain yields of maize by 13% in SSA, including Tanzania.

Central to the problems of soil fertility and climatic change in SSA are the critical
questions of increased human population and the sub-optimal or lack of use of mineral
fertilizers [5,7]. The former has resulted in a reduction in per capita land availability,
increased continuous cropping, and a breakdown of natural fallow soil fertility restoration
methods [12,13]. In Tanzania, arable land per capita has dropped by 40% since 1961,
from 0.5 to 0.3 ha per person, and has contributed to as high as 3.3% of annual rate of
deforestation as the increased population claims more farmland (https://data.worldbank.
org/indicator/AG.LND.ARBL.ZS?locations=TZ, (accessed on 16 September 2020).

The sub-optimal or lack of use of mineral fertilizers is exacerbated by low availability,
high prices, and low N fertilizer use efficiency of cereal crops in drought-prone environ-
ments [4,5,12,14,15]. Although 75% of farmland is experiencing soil fertility degradation
in Tanzania, as few as 3–13% of smallholder cereal food producers apply around 8% of
the recommended amount of fertilizer per hectare [16,17]. The situation on fertilizer use is
expected to be worsened by the adverse impact of COVID-19 on fertilizer prices as a result
of fertilizer importation [8].

The use of the low-input agro-ecological technologies to improve soil fertility, adapt
to climatic change, and increase crop yields has been widely promoted [12,14,18]. In re-
sponse, researchers from the World Agroforestry (ICRAF) researched Gliricidia agroforestry
intercropping technology in the dryland areas of Kongwa district, to inform scaling up
and farmer adoption. The latter was facilitated by enhancing knowledge about Gliricidia
agroforestry intercropping through farmer participation in research as learned from other
researchers [19–25].

Gliricidia was chosen based on its three major strengths over other fertilizer tree
species. First, a high compatibility with the maize root system because of low root den-
sity (460 cm−3) on the top (0–30 cm) layer of the soil where most of the maize roots are
concentrated [5,26,27]. Second, Gliricidia sprouting ability enhances long-term (>10 years)
biomass production that reduces the cost of agroforestry re-establishment [5,12,27–29].
Third, Gliricidia reduces termite damage on maize [12,30,31]. Like other fertilizer tree
species, Gliricidia contributes to increased soil organic matter [15,27,32], fixes atmospheric
N, and improves P supply to plants [5,26], improves soil chemical, physical and biological
conditions [26,33–37], and sequesters carbon to mitigate the effects of climate change [38,39].

As a strategy for agro-ecological intensification of smallholder agriculture, research
experiments were conducted for six consecutive production seasons (2015–2020) to estab-
lish the effect of Gliricidia intercropping on biophysical and economic parameters. The
positive impact of Gliricidia agroforestry intercropping on grain yields of maize were
established [15,40]. However, despite the fact that biophysical performance provides the
basis for socio-economic decisions such as adoption and scaling up, higher yields do not
always translate into higher profit [41,42]. Several authors have expressed their doubt that
the higher yields resulting from the adoption of improved agricultural technologies might
be associated with the higher cost of production [2,12,27,42–45]. This suggests that there is
a need to consider resource allocative efficiency in production.

Studies in Zambia [12] revealed the increase, up to three times, in financial returns
of maize in the Gliricidia-Maize system over the unfertilized sole maize system. How-
ever, [4,40,46] argue that due to site-specific factors such as climate the effect of the im-
proved agricultural technologies on biophysical and economic components varies with
agro-ecological zones. Therefore, [47,48] recommended the consideration of context vari-

https://data.worldbank.org/indicator/AG.LND.ARBL.ZS?locations=TZ
https://data.worldbank.org/indicator/AG.LND.ARBL.ZS?locations=TZ
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ations in developing agroforestry technologies across the wide range of farming agro-
ecologies. Studies on economics of agroforestry technologies in Tanzania were limited to
the assessment of financial returns of Acacia crassicarpa (A. Cunn. ex Benth), Acacia jurifera
(Benth), and Acacia leptocarpa rotational woodlot systems [22]. According to [12,49–51],
soil fertility and conservation impacts that influence the productivity and profitability of
agroforestry technologies vary among fertilizer tree species and systems. This provides
impetus to assess profitability of the Gliricidia-based systems in the dryland agro-ecologies
of Dodoma region.

The integration of biophysical and economic models has been suggested to enhance
the quantification of benefits of various agricultural technologies [45,52–55]. Simulation
models such as APSIM employ an integrated farming systems approach to evaluate food
security impacts, viability or otherwise, and tradeoffs of agricultural technologies such as
agroforestry [8,29,42,55,56]. Several studies [8,45,57–59] used data from biophysical crop
models including APSIM to assess the economic impacts of agricultural technologies.

Therefore, this paper employs data from Gliricidia and maize models of APSIM to
estimate profitability of the Gliricidia-Maize system relative to the unfertilized sole maize
system in the dryland agro-ecology of the Dodoma region, Tanzania. The profitability of
the Gliricidia-Maize system was compared with that of the unfertilized sole maize system
because the latter represents the standard farmers’ practice in the study site.

The rest of the paper is organized as follows; the next section describes the theoretical
and conceptual frameworks, while Section 3 presents the methodology including a descrip-
tion of the study site, an overview of the research experiments, data, and data analysis.
Section 4 presents the results and discussion, whereas the last section draws conclusions
and recommendations.

2. Theoretical and Conceptual Framework

This study anticipates that feasible agro-ecological technologies, such as Gliricidia agro-
forestry intercropping, are vital for addressing soil fertility and climatic change problems
facing farmers in dryland areas. Farmers adopting Gliricidia agroforestry intercropping
technology are likely to gain more farm income than their counterparts (Figure 1).

As learned from others [19–25], involving farmers in on-farm testing of technologies was
important for increased diffusion, adoption, and consequently, sustainable implementation of
best-bet soil fertility management technologies (SFM). The sustainability of SFM is achieved
through setting a strong base on welfare economics particularly on the concept of transaction
costs in relation to productivity. It was important to review the effect of the Gliricidia
agroforestry intercropping technology on farm-level productivity and profitability as it can
influence the welfare of farmers and other commodity market agents.

Several theories were considered relevant for underpinning the theoretical foundation
of this study. The theory on diffusion of innovation was relevant as Gliricidia agroforestry
intercropping is a new technology that can spread within the community. Feder et al. [60],
Rogers [61], Kadigi et al. [8], and Swamila et al. [4] argue that individual farmers’ adoption
of improved agricultural technologies in a long-run equilibrium depends on access to full
information about relative advantages. According to [45,62], a relative advantage of this
technology compared to others is its short (≤5 years) and long-term (>10 years) profitability.
Therefore, this paper estimates the profitability of the Gliricidia-Maize system, in both
absolute and relative economic terms, to inform farmer adoption and scaling-up decisions.

Farm-level technologies such as Gliricidia agroforestry intercropping increase output
and profit [15,63]. In other words, greater output is achieved given the same level of input.
In this paper, input is referred to as the technological options under consideration i.e.,
the unfertilized sole maize and Gliricidia-Maize intercropping. Additionally, production
and profit maximization theories were used as the base, since technical efficiencies can be
improved that lead to farmers operating on a higher profit frontier function [64]. Moreover,
decision theory was used to interpret technology choices in a variety of climatic conditions.
This theory was envisaged in the simulation of yields for profit estimation that leads to
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informed adoption decisions. According to [29,46], a robust forecast and decision-making
analysis requires the integration of climatic shocks in economic viability studies. Therefore,
the current study used the APSIM simulated yields that employed historic climate and
plot-level data from the agroforestry experiment in Dodoma [15].

Figure 1. Conceptual and theoretical framework.

3. Methodology
3.1. Description of the Study Site

This study is part of the research conducted since 2015 on unfertilized continuously
cultivated farmland in Manyusi village (5◦33′56.16123” S and 36◦17′29.85319” E, elevation
1206.6 m). The rainfall is unimodal, with a short rainy period between November and May.
The mean 30-year (1989–2019) annual rainfall was 635 mm, with a dry season of between
6 and 7 months. However, the maize production season that extends from December to
June has a mean rainfall of 425 mm [65]. The mean temperature is about 26.5 ◦C, whereas
11 ◦C is the minimum value.

Soil analyses conducted at the beginning of field experiments, detailed in [15], ob-
served low levels of total N (<0.1%), Bray-1 extractable P (<7 mg kg−1), and organic matter
(0.54 ± 0.16) that required an integrated soil fertility management approach, including
the integration of leguminous trees such as Gliricidia, to correct nutrient deficiencies and
increase soil organic matter.

3.2. Overview of the Research Experiments

The original field experiments consisted of five factor combinations (sole maize, sole
pigeonpea, Maize-pigeonpea, Maize-Gliricidia, and Maize-Gliricidia-Pigeonpea) described
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in [15]. However, based on objectives, this study is focused on the unfertilized sole maize
and the Gliricidia-Maize systems. The former represents the standard farmer practice in
the study site.

The treatments were arranged in a randomized complete block design (RCBD) with
three replicates. The sole maize and Gliricidia-Maize treatments were randomly assigned
to plots of 16 m × 16 m, separated by a 2-m-wide path. Gliricidia trees were planted
at 4 m × 4 m spacing, providing a total of 25 trees per plot (625 trees ha−1). Maize was
sown at a spacing of 75 cm and 60 cm between and within rows, respectively, yielding
44,444 plants ha−1 after thinning from three to two plants per hole during the maize
vegetative growth. The intercropping of maize with Gliricidia was additive, i.e., the
planting density of maize was the same in Gliricidia-Maize and sole maize plots.

Farm managerial operations were conducted according to the common farmer prac-
tices to reflect field realities. For example, from the second production season (2016)
onwards, Gliricidia was intensively pruned to 50 cm height twice a year during the maize
cropping season to minimize above-ground competition for light and growing space.
The same timing of pruning is reported in related studies in Tanzania and elsewhere in
SSA [5,22,26,27]. Thereafter, the wood component of coppiced regrowth was removed
at harvesting while foliage biomass was incorporated into the soil as green manure by
ox-ploughing. Moreover, the most common farm implements at each study site were used,
e.g., plots were clean weeded using hand hoes.

3.3. Data and Modelling Overview

This study uses two types of data. The first type is yield data (https://doi.org/10.7
910/DVN/F1CNKY, (accessed on 30 September 2021) of the unfertilized sole maize and
Gliricidia-maize systems simulated by using maize and Gliricidia models of the Next-
Generation version of APSIM [66]. Current versions of these models are available at https:
//apsimnextgeneration.netlify.app/modeldocumentation/, (accessed on 17 June 2021).
Procedures used to simulate yields and other biophysical parameters are described in [29].
However, before using APSIM data, simulated grain yields of maize were validated with
those observed from experiments as recommended by [67]. The objective was to check
the robustness, accuracy, and forecasting ability that confirm the useful functionality of
maize and Gliricidia models in APSIM. Like in other studies [7,8,29], test statistics were
used to compare observed and APSIM simulated yields. The results of tests failed to reject
the hypothesis that the means of observed and simulated yields were statistically the same,
at the 95% level of confidence.

The maize and Gliricidia models employed 5 years (2015–2019) of production data
from replicated field experiments, the details of which are provided in [15]. Furthermore,
experimental trials provided data on the quantity of materials and labour inputs used in
production. The latter were collected for different activities each time an operation was
conducted, and included information on the type of activity, duration in hours, and the
number of people involved. The total time spent on the farm operation is the sum of
time for all activities conducted. For example, the total time spent on planting included
the time spent on digging holes and seeding. The measured time duration for each farm
operation was converted into the universal standard unit of person-days ha−1. In the
study site, farmers worked for around 7 h per day, from 6 am to 12 pm, during the maize
production season.

In addition to production data from the experiments, the maize and Gliricidia models
employed data on soil parameters, historic (1985–2019) weather including daily maximum
and minimum temperature (◦C), rainfall (mm) and radiation (MJ m−2 d−1), and manage-
ment (plant population; dates of farm operations, i.e., planting, weeding, pruning and
harvesting; spacing, and cultivars). Soil and weather data were collected from the World
Soil Data Hub (ISRIC) and Climate Hazard Group Infrared Precipitation with Station data
(CHIRPS), respectively, and validated with those measured in the field during the years of
the research experiments.

https://doi.org/10.7910/DVN/F1CNKY
https://doi.org/10.7910/DVN/F1CNKY
https://apsimnextgeneration.netlify.app/modeldocumentation/
https://apsimnextgeneration.netlify.app/modeldocumentation/
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The second type of data was input (biochemical and labour) and output (maize grain
and fuel wood) prices. Material input prices were collected from the agricultural input
markets at the nearby village town centres in Kibaigwa, Kongwa, and Dodoma during a
survey conducted in March 2018. The prices of labour for various farm operations were
obtained from key informants including agricultural officers and lead farmers.

Secondary 4-year (2015–2018) data on the price of maize were collected at the mar-
keting department in the Kongwa district council that stores daily price data of different
agricultural commodities. The price of firewood was obtained from key informants.

Table 1 presents input and output parameters used to estimate the profitability of the
Gliricidia-Maize and sole maize systems.

Table 1. Input and output parameters for the Gliricidia-Maize and sole maize systems.

Variable Parameter a Source of Information

Land
Value of land 74,140 Tsh ha−1 Farmers’ estimate
Labour
Land clearing 13,500 Tsh ha−1 Farmers’ estimate
Ploughing 61,750 Tsh ha−1 Farmers’ estimate
Transplanting 15,000 Tsh ha−1 Farmers’ estimate
Planting in sole cropping system 37,050 Tsh ha−1 Farmers’ estimate
Planting in intercropping system 46,930 Tsh ha−1 Farmers estimate
First weeding 24,700 Tsh ha−1 Farmers’ estimate
Second weeding 19,760 Tsh ha−1 Farmers’ estimate
Pruning of Gliricidia 40,000 Tsh ha−1 Farmers’ estimate
Harvesting 18,525 Tsh ha−1 Farmers’ estimate
Threshing 27.27 kg−1 Farmers’ estimate
Wage rate 5000 Tsh person day−1 Farmers’ estimate
Biochemicals
Maize seeds 400 Tsh kg−1 Agro-input shops
Maize seeds rate 25 kg ha−1 Researchers’ estimate
Gliricidia seeds 66.67 Tsh kg−1 Tanzania Tree Seed Agency (TTSA)
Gliricidia seedling 500 Tsh seedling−1 Farmers’ estimate
Gliricidia trees rate 625 trees ha−1 Researchers’ estimate
Outputs
Price of Gliricidia firewood
A headload of Gliricidia firewood = 11.6 kg 2000 Tsh headload−1 Farmers’ estimate

Price of maize grains 375 Tsh kg−1 Kongwa District Council
a Tsh: Tanzanian shilling (US$1 = Tsh 2037.165) (2015).

3.4. Data Analysis

Benefit Cost Analysis (BCA) was conducted using input including APSIM-simulated
yields and output data. The values of inputs used and outputs under consideration
were estimated at the prevailing market prices, based on literature recommendations
and empirical evidence from related studies [12,22,51,68]. Labour was estimated at the
prevailing wage rate for unskilled labour in the study site. Biochemical inputs including
maize seeds were estimated at prices obtained from a survey of agro-input shops. The value
of maize was estimated using average three-monthly prices at around harvest, that is, the
average of June–August prices. This is because over 90% of smallholder maize production
is either consumed or sold immediately after harvest at the study site. Sullivan et al. [49],
Franzel et al. [51], Senkondo et al. [68], Gittinger [69], recommend the use of constant prices,
assuming that the general inflation rate exerts the same relative effect on costs and benefits.
Therefore, the average June–August prices of 2015 to 2018 were indexed to the average
June–August price of 2015 to generate the relative prices. Then, the median price of maize
was estimated and used in the discounting equations.

Profitability indicators i.e., NPV, BCR, and IRR (internal rate of return) were estimated
using a 20-year project planning cycle. The 20 year-cycle was used because it marks the
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complete usefulness period of Gliricidia trees in agroforestry combinations [5,26,27]. An
interest rate of 6% representing the 2015 Tanzania inflation rate, here referred to as the
reference year, was used to discount the values of inputs and outputs (https://www.statista.
com/statistics/447617/inflation-rate-in-tanzania/, (accessed on 18 August 2021)).

The formulas for calculating profitability indicators are presented in Equations (1)–(3).
The Net Present Value is the sum of the discounted net returns over the lifetime of the
project (Equation (1)). The project is considered to be viable/and or worth undertaking if
the NPV is greater than or equal to zero.

The Benefit Cost Ratio is the ratio of discounted net returns to the discounted total
production costs (Equation (2)). The project becomes viable with a BCR value greater than
or equal to 1. The Internal Rate of Return is the discounting rate that equates the NPV
to zero (Equation (3)). The Internal Rate of Return is used in small farm projects such as
smallholder agroforestry for comparison with the average market interest rate [68,70].

NPV =
20

∑
t=1

(Bt− Ct)
(1 + r)t (1)

BCR =
20

∑
t=1

Bt
(1 + r)t /

20

∑
t=1

Ct
(1 + r)t (2)

IRR =
20

∑
t=1

Bt− Ct
(1 + r)t (3)

Sensitivity analysis was conducted to assess the response of profitability indicators to
changes in output and input prices, based on a 4-year (2015–2018) trend analysis that noted
the fluctuating market price of maize at an average rate of 30% between seasons.

4. Results and Discussion
4.1. Grain Yields of Maize

Aggregated over six cropping seasons, the intercropping of maize with Gliricidia
increased grain yields of maize by 4.4%, from 2.71 t ha−1 (unfertilized sole maize) to
2.83 t ha−1 (Gliricidia-Maize). Maximum grain yields of maize in the Gliricidia-Maize
(3.73 t ha−1) and the unfertilized sole maize system (3.77 t ha−1) were recorded in 2015 and
2019, respectively. Minimum grain yields of maize of 1.49 t ha−1 and 1.31 t ha−1 for the
Gliricidia-Maize and the unfertilized sole maize systems, respectively, were recorded in
2017. A significant difference (p < 0.05) in the grain yield of maize was observed in 2019,
with the unfertilized sole maize system producing higher grain yields of maize (3.77 t ha−1)
than those (3.2 t ha−1) in the Gliricidia-Maize system (Figure 2).

Figure 2. Observed grain yields of maize.

Not surprisingly, these results indicate no significant effect of Gliricidia on the grain
yields of maize during the first six years of the Gliricidia-Maize intercropping. These results
coincide with the rates reported, ranging from 0% (Year 0–1) to around 4% (by year 6)

https://www.statista.com/statistics/447617/inflation-rate-in-tanzania/
https://www.statista.com/statistics/447617/inflation-rate-in-tanzania/
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in [49] for the annual increment in yields in agroforestry-based systems. According to
studies in Zambia, Kenya, and Malawi [12,27,29], it takes more than 5 years for a significant
yield advantage of Gliricidia to develop over other conventional soil fertility management
technologies. Makumba et al. [27] and Smethurst et al. [29] noted the significant increase
in the grain yields of maize during 11 years of simultaneous intercropping of maize
with Gliricidia.

The small yield advantage of Gliricidia during the first six years of agroforestry may
be associated with two main inter-linked factors. The first factor is the low Gliricidia
biomass production during the early years of Gliricidia-Maize intercropping. There is
evidence of a strong correlation (r = 0.91, p < 0.001) between the years of tree establishment,
biomass production, and yields in the Gliricidia-based systems [27]. The second factor is
rainfall distribution during a particular growing season [5], which may explain why the
lowest grain yields of maize were recorded in 2017 when as little as 150 mm of rainfall was
recorded during planting in December/January. The low rainfall might have affected the
decomposition of Gliricidia prunings incorporated into the soil one week before planting.
Makumba et al. [27] argue that annual rainfall of less than 600 mm leads to slow decom-
position of pruning materials and low N fertilizer equivalent of Gliricidia. Furthermore,
a high rainfall (>1200 mm) can lead to waterlogging, leaching, high emissions of N, and
consequently, a low N fertilizer equivalent of Gliricidia.

Average grain yields (2.71 t ha−1) of the unfertilized sole maize system were 80% to 171%
over the reported productivity indices under de facto farmer practice, but 47.6% to 56.1%
below the established maize productivity potential [4–4.4.5 t ha−1; 6,8]. The increase
in sole maize yields may be associated with the researcher-designed farmer-managed
(RDFM) type of research trials used, in which researchers establish the plot layout and
closely supervise farm operations. The latter observed good agronomic practices including
improved planting density i.e., 44,444 plants ha−1 versus the reported farmer’s average
planting density of 20,000 plants ha−1 [8]. According to [51], the results of RDFM trials
present farmer productivity potential in contrast with that commonly attained.

However, as noted in earlier empirical studies [5,27], grain yields of maize in the
unfertilized sole system are expected to decline over time following the continual uptake
of soil nutrients by plants upon harvesting without the amendment of soil fertility.

In addition to increasing grain yields of maize, Gliricidia supply firewood to supple-
ment household cooking energy. In our study, an average of 1.81 t ha−1 of firewood was
produced in the Gliricidia-Maize system from 2016 to 2020.

4.2. Benefit Cost Analysis Results

The results in Table 2 show the variable profitability indicators among the Gliricidia-
Maize and the sole maize systems. Aggregated over the 20-year cycle, the NPV of the
Gliricidia-Maize system was 1.8 times that of the unfertilized sole maize system. In relative
economic terms, the returns to investment (BCR) followed a similar pattern, and ranged
from 4.27 (Gliricidia-Maize) to 3.59 (unfertilized sole maize). Moreover, the Gliricidia-Maize
system exhibited a higher IRR (90%) than that of the unfertilized sole maize system (58%).
Average net returns to labour per person day ranged from 9038 Tsh ha−1 (unfertilized
sole maize) to 13,323.89 Ts ha−1 (Gliricidia-Maize), which is between 1.8 and 2.7 times the
opportunity cost of labour in the study site.

Table 2. The financial profitability of a 20-year cycle of the Gliricidia-Maize and unfertilized sole
maize systems.

System NPV
(Tsh ha−1) BCR IRR

(%)
Returns to Labour

(Tsh ha−1 d-1)

Maize-Gliricidia 19,238,798.43 4.27 90 13,323.89
Sole maize 10,934,669.90 3.59 58 9038.00
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These results suggest that the intercropping of maize with Gliricidia is more profitable
than the unfertilized sole maize system. The relative higher profit of the Gliricidia-Maize
system may be associated with two main factors. The first factor is the proportionate
increase in crop and tree yields and, revenue as Gliricidia ages [27]. The second factor
is the decreasing trend in the cost of inputs including labour and tree seedlings. The
present value (PV) of the cost of year 1 is 13.31 times that of year 20. Likewise, earlier
studies by [12,19,22] noted the higher cost of production during the first year compared
to subsequent years due to additional costs of nursery establishment and transplanting
of Gliricidia seedlings. Over time, the cost incurred in maintaining Gliricidia trees only
includes the cost of labour for the pruning of Gliricidia, which involves the removal of
leaves from branches to establish wood stakes and the application of leaves to the soil as
green manure. In year 20, the average revenue of the Gliricidia-Maize system is 156% over
that of the unfertilized sole maize system with only a 6% increase in the cost of production.
According to [51], the low profitability of the continuous sole cropping systems favours the
adoption of the agroforestry-based technologies.

Likewise, studies in Eastern Zambia by [12] reported higher values of profitability
indicators in the agroforestry-based systems ranging from US$233 to US$327 ha−1 (NPV)
and 2.77–3.13 (BCR) in contrast with NPV and BCR of US$130 and 2.01, respectively,
exhibited by the unfertilized sole maize system. However, these results show that the
impact of Gliricidia-Maize intercropping on NPV at Dodoma is lower than that found
in Eastern Zambia with only 5 years of analysis. This is most likely due to climatic
variation between the two sites, i.e., average seasonal rainfall of 1000 mm in Eastern
Zambia versus 634 mm at Kongwa, Dodoma. The amount of rainfall determines the tree
density, decomposition of pruning materials, and consequently, yields and revenue of the
Gliricidia-Maize system [5,27]. Like NPV, the impact of Gliricidia-Maize intercropping on
BCR is higher in Eastern Zambia than Dodoma sites (54% versus 39% increase of BCR).

4.3. Sensitivity Analysis

Table 3 shows the NPV and BCR of the Gliricidia-Maize system are more sensitive to
the decrease in output than the increase in input prices. The 30% decrease in the former
decreased NPV by 38%, from Tsh 19,238,798.43 to Tsh 11,779,186.49 ha−1. In contrast, NPV
declined by 8.8% following an equivalent percentage increase in input prices.

Table 3. Sensitivity analysis of Sole Maize and Gliricidia-Maize systems.

Profitability Indicators Absolute Difference

NPV
(Tsh ha−1) BCR NPV

(Tsh ha−1) BCR

Gliricidia-Maize system
30% increase in input prices 17,550,826.02 3.28 1,688,000 0.99
30% decrease in output prices 11,779,186.49 2.99 7,459,612 1.28
Sole maize system
30% increase in input prices 9,721,596.48 2.76 1,213,073 0.83
30% decrease in output prices 6,441,195.51 2.51 4,493,474 1.08

Similarly, BCR declined by 30% and 23.2% with the equivalent percentage decrease
and increase in output and input prices, respectively. This trend most likely reflects the
increased number and quantity of outputs over time in agroforestry systems, giving low
values of NPV and BCR upon discounting. In year 1, the maize grain yield was the only
output in the Gliricidia-Maize system. From year 2 onwards, Gliricidia trees are pruned to
produce firewood and foliage biomass as additional products in this system, leading to the
increase in quantity of outputs over time. The latter is either incorporated into the soil as
the green manure (as in this study) or used as feed for livestock. Similarly, [22] observed
the high sensitivity of profitability performance indicators to changes in output prices in
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agroforestry systems, and they recommend the choice of tree species that produce sufficient
output(s) such as biomass in the early years of agroforestry projects.

Despite the higher costs of agroforestry establishment, the increase in input prices
affected more disproportionally the unfertilized sole maize than the Gliricidia-Maize system
(11.1% in contrast to 8.8% decrease in NPV). This contrast might be due to the elimination
of tree-related costs such as nursery establishment after the first year of agroforestry
establishment. Additionally, the benefits accrued overtime in the Gliricidia-Maize system
offset the initial investment costs.

5. Conclusions and Recommendations

This paper presents a new approach of integrating a biophysical model with an eco-
nomic analysis of an agroforestry-based system. This integrated assessment enhances the
quantification of benefits of agricultural technologies including agroforestry that improves
decision making for policy makers, development practitioners and farmers.

We estimated the profitability of the Gliricidia-Maize system in relation to the unfer-
tilized sole maize system to inform scaling up and farmer adoption. Benefit cost analysis
showed the net worth of the Gliricidia-Maize system is 75.9% higher than that of the
unfertilized sole maize system.

Sensitivity analysis results indicated that the profitability of the Gliricidia-Maize
system is more sensitive to changes in output than input prices. Despite higher initial costs
of agroforestry establishment, the increase in input prices affects more disproportionally
the unfertilized sole maize than the Gliricidia-Maize system in absolute profitability terms.

These results suggest that Gliricidia-Maize intercropping technology can be promoted
to improve soil fertility and food security and, to mitigate negative effects of climate change
as it also improves the income of smallholder and subsistent farmers.

Therefore, this paper recommends the scaling up of Gliricidia-Maize intercropping
technology among other farmers in the dryland areas of Dodoma region, Tanzania. Higher
initial investment costs could deter farmers to adopt the technology, but sensitivity analysis
results suggest this cost is offset with time when additional outputs (firewood and foliage
biomass) from agroforestry are produced and factored in to the profitability assessment.
Development practitioners need to disseminate this information to farmers, and policy
makers to make informed decisions to support technology scaling in dryland areas.
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