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ABSTRACT

KEYWORDS
Adaptation capacity;

With increasing incidences of the negative impacts of climate change to smallholder
farming, an understanding of the effects of farmers’ adaptation options to climate
change on crop yield is critical in designing practical measures and policies for
increasing food production and food security. This study assessed the effects of
smallholder farmers climate change adaptation intensity on crop yield with focus
on maize, groundnuts and beans in Apac and Amuru districts, northern Uganda.
Cross-sectional survey design was employed for data collection. Data were
analysed using both descriptive and econometric approaches. Results showed that
the most common climate change adaptation strategies used by smallholders
related to varietal adjustments including planting different crop varieties each
time, drought-resistant varieties, early maturing varieties, improved seeds and
changing the time of planting. Yield comparisons between adapters and non-
adapters for the three major crops showed that adapters realized significantly
higher yields than non-adapters for most of the climate change adaptation
strategies. This study suggests that farmers who used more adaptation strategies
realized higher yields than the non-adapters. Our findings call for increased efforts
by stakeholders to strengthen agricultural extension services and coverage to

adaptation intensity;
adapters; non-adapters;
varietal adjustments

enhance smallholder farmers capacity to adapt to the effects of climate change.

Introduction

There are growing concerns from many studies
(Bandara & Cai, 2014; Kahsay & Hansen, 2016;
Roudier et al., 2011) showing that least developed
countries are experiencing an increasingly negative
impact of climate change on the agricultural sector.
Manifestations of climate change are seen in
different ways including prolonged and frequent
droughts, rising temperatures, erratic and heavier
rains (Akinnagbe & Irohibe, 2015; Chepkoech et al.,
2018), which impact greatly on the agricultural
sector particularly in sub-Saharan Africa (SSA), where
farming is mainly rain-fed and largely undertaken by

smallholders. These smallholders are particularly hit
harder because they usually do not have agricultural
techniques such as greenhouses and irrigation facili-
ties to improve crop yield (Amikuzino & Donkoh,
2012) that can cushion them from the adverse
effects of climate change. With rainfall patterns
becoming highly unpredictable, coupled with antici-
pated increased occurrence of droughts, and floods
in the near future (IPCC, 2007; Roudier et al., 2011;
World Bank, 2010), smallholder farmers are expected
to be highly impacted. With agriculture being the
backbone of most SSA countries, climate change is
expected to highly affect these economies.
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Uganda for instance is one of the least developed
countries in the SSA region and is known to be vulner-
able to climate change (Wichern et al., 2019). This vul-
nerability is because the agricultural system of the
country is predominantly dependent on a rain-fed
smallholder system for rural livelihood (Wichern
et al., 2019); yet agriculture is the backbone of the
economy, and the livelihoods of many people
depend on it (Mubiru et al, 2012). The impact of
climate change on smallholder farming is usually
manifested as negative effects on the production of
common grains and pulses such as maize, millet,
rice, beans and pea (Adhikari et al., 2015; Al-Bakri
etal., 2011). Any slight variability in rainfall may there-
fore be reflected in crop yield which may result in
adverse physical, environmental and socio-economic
impacts.

The impact of climate change on agricultural pro-
duction is sensitive at local, regional, national as
well as global levels (Parker et al., 2019). The climatic
condition in Northern Uganda was described by
Nimusiima et al. (2013) as highly variable with
erratic and unpredictable rainfall, variability in onset
and cessation of rain seasons and increasing variabil-
ity trends in drought and floods. This has resulted to
reduced crop vyields and/or total crop failure
(Roberts & Mattoo, 2018). Therefore, this pathetic situ-
ation calls for an imminent need for the adaptation of
farmers to the effects of climate change if they are to
maintain agriculture as their major source of
livelihood.

Several studies conducted in Uganda have focused
on famers’ perception of climate change (Osbahr
et al., 2011), its effects on agricultural production
(Okonya et al., 2013) and adaptation strategies devel-
oped by farmers to the effects of climate change
(Atube et al, 2021; Hisali et al., 2011), but none of
these studies specifically focused on whether farmer
adaptation intensity to the effects of climate change
affects crop yield with specific attention on maize,
rice and beans. Although a study by Onzima et al.
(2019) in Northern Uganda looked at the effect of
adaption on bean yields, it only focused on two
climate change adaptation strategies (varietal adap-
tation and adjusting planting calendar). Yet a
number of studies (Ajak et al., 2018; Atube et al.,
2021; Mubiru et al, 2018) show that smallholder
farmers in Uganda most commonly practice planting
different crop varieties, planting drought-resistant
crop varieties, land fallowing, mulching, intercropping
and planting of food security crops as adaptation

strategies to climate change. Consequently, it is
important to understand how adaptation intensity
(the number of climate change adaptation strategies
adopted by a farmer) would impact on the yield of
common crops cultivated by smallholder farmers.

In this study, we used Amuru and Apac districts in
Northern Uganda as our areas of focus because they
are both characterized by different agro-climatic con-
ditions and predominant agricultural production
systems. Since the population in these two districts
predominantly depend on agriculture for their daily
livelihoods, they are among the districts in Uganda
that are most vulnerable to the impacts of climate
change due to such existing development challenges
as high population growth, increasing poverty levels
among low-income earners and low household
incomes among others (Mubiru et al., 2015). This
study was aimed at assessing the effects of adaptation
of smallholder farmers on crop yields with a particular
focus on maize, groundnuts and beans in Apac and
Amuru districts, northern Uganda. Although there
are several other crops cultivated by smallholder
farmers in the region, these three crops were ident-
ified as the most common in this study.

Materials and methods
Study area

This study was conducted in Apac and Amuru districts
of Northern Uganda. The selection of these two dis-
tricts was informed by their location. Apac district is
located in the ‘cattle corridor, an area stretching
from the southwest bordering Tanzania to the north-
east of the country bordering Kenya and Southern
Sudan (Mulumba & Kakudidi, 2010). The cattle corri-
dor is dominated by pastoral rangelands and has
semi-arid characteristics. On the other hand, Amuru
district is located outside the cattle corridor. The
two districts cover a total area of 7,534 km? The
farming system in both districts is predominantly
annual cropping and livestock rearing (Odogwu
et al, 2016). Farming in the two districts is largely
small-scale, with Apac practicing both small-scale live-
stock rearing and crop farming (Auma, 2016) while
Amuru is predominantly inhabited by crop farmers
with a few families keeping domestic livestock at sub-
sistence level (Angwech et al, 2015; Atube et al,
2021). Apac district lies between longitudes 32° E
and 34° E and latitudes 2° N and 3° N and its southern
boundary is bordered by Lake Kwania and the river
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Nile. Apac District has bimodal seasons and receives a
total annual rainfall of 1330 mm which falls mainly
from April to November peaking in April and
August. The dry season is from December to March
and the average monthly minimum and maximum
temperatures are 17°C and 29°C, respectively
(Oriangi, 2013). Amuru district lies between longi-
tudes 30° E and 32° E and 2° N and 4° N. The district
is endowed with vast fertile soils that support
farming (UBOS, 2016). Amuru experiences dry and
wet periods throughout the year and receives a
mean annual rainfall of 1434 mm (Nimusiima et al.,
2013). The wettest period extends from April to
October, with its peaks in May, August and October
while the dry season is from the end of November
to the end of March. Average maximum and
minimum temperatures in Amuru are 30.5°C and
16.8°C, respectively (NEMA, 2012).

Sampling design and sample size

The target population of smallholder farmers was
selected using a multistage sampling technique.
First, the two districts were purposively selected
based on the limited researched information regard-
ing the adaptation of smallholder farmers to the
effects of climatic change, and the highly agrarian
nature of their population and location in the cattle
corridor. From each district, two sub-counties; Paboo
and Lamogi (in Amuru), and Akokoro and Chegere
(in Apac district) were randomly selected. In each of
the selected Sub-counties, two parishes were ran-
domly selected giving a total of eight parishes. From
each of the parishes, one village was randomly
selected making a total of eight villages for the
entire study. Finally, 395 households (Krejcie &
Morgan, 1970) were randomly and proportionally
selected from the eight villages, 260 for Apac and
135 for Amuru districts. A cross-sectional survey (con-
ducted from December 2018 to May 2019) was
employed to collect primary data from farming house-
hold heads. The survey was piloted at Paicho Sub
County in Gulu district with 20 farmers (13 males
and 7 females). The surveys were carried out by
trained data enumerators. The primary data acquired
included data on the socio-economic characteristics
of the farmers, e.g. gender, age, marital status, land
owned, land cultivated, education level, farming
experience, annual farm income, distance to the
nearest market, time taken to the nearest market,
access to extension services, access to credit facilities

and farmer group membership. During the interview,
individual farmers/household heads were asked to
estimate the quantity (kilograms) of maize, beans
and groundnuts harvested per unit area (acres) of
land cultivated for the last three seasons from the
period of data collection. The household heads were
also asked what climate change adaptation strategies
they implement to counter the impacts of climate
change on their farming activities.

Statistical analysis

Independent sample t-test was used to evaluate
differences in mean crop yields for adapters and
non-adapters of the different climate change adap-
tation strategies. Econometric analyses were used to
examine the impacts of adaptation intensity on crop
yield. According to a previous study by Onzima et al.
(2019), the yield outcome variable as a result of adopt-
ing climate change adaptation strategies is conceptu-
alized in two sequential steps. Firstly, farmers have to
decide on the number of climate change adaptation
strategies to use for crop production. Secondly, the
use of the adopted climate change adaptation strat-
egies would then impact on the yield of the crop in
question. Consequently, the impact of using a given
number of climate change adaptation strategies
(adaptation intensity) would be observed in the
yield. The general equation for estimating the effect
of adaptation intensity of crop yield is thus specified
as:

Yik = i + X By + ViAik + €ik (M

where Y is the yield of the kth crops (beans or maize
or groundnuts) for the jth household, « is the
regression constant, Xj is a vector of explanatory vari-
ables that can have potential influence on crop yield
for the kth crops for the ith household. Table 1 pre-
sents a description of the variables and their apriori
expectation on yield. B, is a vector of coefficients
associated with explanatory variables. Ay is the adap-
tation intensity which is the number of climate
change adaptation strategies being used by the ith
farmer for the kth crop, while, v, is the expected
effect of adaptation intensity on the yield of the kth
crop. g, is the normal stochastic error term associated
with the yield. In this study, a separate model was esti-
mated for each of the three most common crops
(maize, beans and groundnuts) that were being pro-
duced by the farmers in the study area.
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Whereas Equation (1) could easily be estimated
using the Ordinary Least Squares (OLS) approach,
the study adopted the two-stage least squares (2-
SLS) approach. This was because OLS approach
would introduce bias since the adaptation decision
variable (adaptation intensity) is endogenous, and
thus violates the exogeneity assumption that is
required for the OLS model (Di Falco et al., 2011;
Huang et al,, 2015; Khanal et al., 2018; Onzima et al.,
2019). In controlling for the potential endogeneity
of the adaptation intensity variable, the study
adapted a control function approach (CFA) using
instrumental variables. The CFA assumes that adap-
tation intensity is a function of all the exogenous vari-
ables, X’ in the yield equation, in addition to at least
one instrumental variable. Consequently, in the first
stage, the adaptation intensity variable is regressed
against all the exogenous variables hypothesized for
the yield equation in addition to at least one indepen-
dent variable (IV) as specified in Equation (2).

Aix = o + X Bi + przZi + ik ()

where z is the instrumental variable and p is the coeffi-
cient associated with the instrumental variable and is
expected to be insignificant. In the second stage, the
yield variable is regressed against all the exogenous

variables and the first stage residuals as specified in
Equation (3).

Yik = aix + Xj B + ViAik + oW + ik (3)

where w is the residuals generated from the first stage
regression. In estimating the instrumental variable 2-
SLS, the challenge is usually in selecting the appropri-
ate instrument to use. According to Onzima et al.
(2019), the choice of a valid instrument depends on
intuition, economic reasoning and statistical proper-
ties. A valid independent (IV) should have a significant
influence on the first stage dependent variable (adap-
tation intensity), without being confounding for the
second stage dependent variable (yield). In this
study, after several attempts, the variable farm
income (in natural logarithms), was the best fit to be
used as an IV for the beans and groundnut models,
while, the variable access to extension services was
the best for use as an IV for the maize model. House-
hold income may have no direct effect on yield but
can only influence vyield indirectly. The effect
depends on how the availability (or non-availability)
of farm income influences household production
decisions including access to inputs. Similarly, access
to extension also has no direct effect on the yield
but is expected to have an indirect effect. This is so

Table 1. Description of variables used in the study and their apriori expectations.

Apriori
Variable Description/measurement expectation
Yield Yield of maize, beans and groundnuts (in natural logarithms). Three different models were NA
estimated for beans, maize, and groundnuts, respectively.
Adapt_int Number of climate change adaptation strategies being used by a farmer for the production of +
specific crop

Credit Access to credit (1 =yes, 0=no) +
Married Marital status (1 = married, 0 = otherwise) +/—
no_educ Dummy for farmer who has no formal education (1 =yes, no=0) -
Primary Dummy for farmer who has primary level education (1 =yes, no =0) -
Secondary Dummy for farmer who has secondary level education (1 =yes, no =0) +
Tertiary Dummy for farmer who has tertiary level education (1 = yes, no =0) +
HHsize Household size (number of members in the household) +
log_dist Distance to the market (in natural logarithm) -
Timetaken Time taken to the market in minutes -
Land_cultivated  Size of land cultivated (acres) +
Land_owned Size of land owned (acres) +
Farming_exp Farming experience (years) +
Group® Group membership (1 =yes, 0=no) +/—
Male Gender indicator (1 =male, 0 =female) +/—
log_farmY Farm income (in natural logarithm) +
Climate_info Farmer has ever received climate change information (1 =yes, 0 =no) +
log_crop_ent Number of crop enterprise cultivated by a farmer (in natural logarithm) +
District District dummy (1 = Amuru, 0 = Apac) +/—

?In this study we look at groups loosely as a group formed by farmers within the same locality who are either engaged in farming
activities such rotational cultivation or are engaged in some financial activities such as rotational savings and savings and loans,
or both. In most cases these groups were involved in both farming and financial activities.
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because the household has a choice of putting into
practice or not the knowledge of information
obtained from the extension. During analysis, the
chosen IV was insignificant in the first stage
regression, supporting its exogeneity.

Results and discussions
Adaptation strategies and crop production

In this study, 13 climate change adaptation strategies
used by farmers in Apac and Amuru districts were
identified. Table 2 shows the proportion of farmers
using the different strategies in their farming. The
results are disaggregated for beans, groundnuts and
maize that were the most common among the
study group. It shows that the most common
climate change adaptation strategies used by small-
holder farmers in the study area were related to varie-
tal adjustments including using planting different
crop varieties each time, planting drought-resistant
varieties, and early maturing varieties, and use of
improved seeds. Changing the time of planting was
also being practiced by over 90% of the farmers
for the different crops. The least common strategy
was irrigation. Strategies related to improving soil
nutrients including the use of chemical fertilizers
and compost were also practiced by relatively few
farmers.

The climate change adaptation strategies reported
in this study were also reported in others previous
(Amare et al., 2018; Amare & Simane, 2017; Atube

Table 2. Proportion of farmers using the different climate adaptation
strategies while producing beans, maize and groundnuts in Apac and
Amuru districts in 2018.

Proportion of farmers using
the practice (%)

Adaptation strategy Beans Maize  Groundnuts
Change planting time 90.32  89.57 90.98
Use of improved seeds 5484 60.19 49.62
Practicing soil conservation 31.05 3839 30.83
Practicing Irrigation 11.69 13.27 11.28
Use of chemical fertilizers 2218  26.07 2331
Use of Compost 17.74 2275 17.29
Intensive use of pesticides 61.29 64.45 65.41
Practicing Crop rotation 9435 92.89 93.98
Fallowing the garden 68.15  66.82 62.41
Use of different crop varieties 97.18 9479 96.24
Practicing tree planting 39.52 3839 36.09
Planting early-maturing varieties 88.71  89.57 90.23
Planting drought-resistant varieties  80.24  81.52 74.44

Note: Percentages need not add up to 100% since adaptation strat-
egy is multi-response and farmers can use more than one strategy.

et al, 2021; Eshetu et al, 2021; Fadina & Barjolle,
2018; Liu & Basso, 2020; Marie et al., 2020; Vo et al.,
2021; Zizinga et al., 2017). However, it was surprising
that in this study that climate change adaptation
strategies that are geared towards climate smart agri-
culture (CSA) such as mulching, conservation agricul-
ture, intercropping, crop rotation, integrated crop-
livestock management as defined by the World Bank
(2013) and recommended by the African Union
agenda 2063 (Tumwesigye et al., 2019) were insignifi-
cant and therefore not reported. This could be
because developing nations’ agricultural extension
messages to farmers focus mainly on technology
based strategies (Norton & Alwang, 2020) such as
improved crop varieties, drought resistant varieties,
early maturing crop varieties but less so on the tra-
ditional climate smart agricultural practices.
However, the proportion of farmers that use the
different strategies usually varies from location to
location depending on so many factors. According
to Vo et al. (2021), farmers’ decision to adapt any
climate change adaptation strategy is influenced by
the level of farmers’ income, the severity of the
climate change impact and efficacy of the adaptation
strategy. There are also several other socio-economic
and institutional factors that can influence a farmer’s
decision to adapt to different climate change adap-
tation strategies (Amare & Simane, 2018; Atube
et al.,, 2021; Eshetu et al., 2021; Zizinga et al.,, 2017).
Therefore, it is expected that once these factors are
at play, farmers would choose to practice only those
strategies that would give the satisfaction they
need. Farmers usually adapt a combination of
climate change adaptation strategies to attain
maximum benefits from using the strategies.

Comparing adaptation strategies and yield of
major crops

A comparison of yield of the three major crops in the
study area between adapters and non-adapters gen-
erally show that adapters realized significantly
higher yield of all the three crops than non-adapters
of at least eight of the climate change adaptation
strategies (Tables 3-5). However, this was not the
case for bean farmers who practiced soil conservation
and for groundnut farmers who used compost. The
findings suggest that the mean bean yield for those
who fallowed their garden (p =0.037), practiced tree
planting (p=0.010), practiced irrigation (p=0.039)
and used chemical fertilizers (p=0.073) were
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significantly higher than the mean bean yield for
those who did not use these practices (Table 3).

For maize yield (Table 4), findings show that those
who used chemical fertilizers (p=0.079), intensively
used pesticides (p=0.001), practiced tree planting
(p=0.017) and practiced irrigation (p = 0.006) had sig-
nificantly higher mean maize yield than the mean
yield for those who did not use those agronomic
practices.

In the case of groundnuts (Table 5), study findings
suggest that the mean groundnut yield for those who
used chemical fertilizers (p =0.014), intensively used
pesticides (p=0.001) and fallowed their gardens (p
=0.010) had significantly higher mean groundnut
yield than for those who did not use those practices.

The increased mean yields observed in beans,
maize and groundnuts in this study could be attribu-
ted to reduced soil erosion as a result of roots holding

from rain. Furthermore, the increased mean yield of
the crops considered in this study could be due to
enhanced nutrients in the soil as a result of farmers
using fertilizers and fallowing of their gardens. Irriga-
tion as a practice in beans and maize farming could
have increased moisture in the soil which led to
increased mean yield in beans and maize but not
groundnuts. The lack of increase in yield of ground-
nuts could be attributed to the type of irrigation
used, where water from sprinkler irrigation does not
penetrate deeply in the soil as much as drip irrigation
yet the groundnut pods need more water to develop.
This finding is consistent with that of Gireshsingh and
Mahindra (2016) who reported that under sprinkler
irrigation, the yield of groundnuts was much lower
than in the drip irrigation probably due to an increase
in evaporation from the wet leaves and soil surface
resulting in less water penetrating the ground, conse-

tightly together soil particles to resist water runoffs quently affecting the development of the
Table 3. Bean yield of adapters and non-adapters of climate change adaptation strategies in Apac and Amuru districts in 2018.

Mean
Adaptation strategies Adapters Non-adapters Difference t-stat P value
Planting drought-resistant varieties 125.58 85.83 39.75 0.939 0.174
Use of improved seeds 116.29 115.24 1.05 0.030 0.488
Use of chemical fertilizers 164.30 103.49 60.81 1.462*% 0.073
Intensive use of pesticides 134.15 89.64 44.51 1.248 0.107
Fallowing the garden 139.141 73.20 65.94 1.801** 0.037
Use of different crop varieties 117.21 152.50 —35.29 0.268 0.395
Practicing tree planting 168.10 85.25 82.85 2.344** 0.010
Changing time of planting 122.77 68.41 54.36 0.929 0.177
Practicing soil conservation 79.31 131.41 -52.10 1.408* 0.080
Practicing Irrigation 195.17 103.93 91.24 1.773** 0.039
Use of Compost 81.33 125.43 —44.1 0.968 0.167
Practicing Crop rotation 119.33 77.08 42.25 0.547 0.293
Planting Early-maturing varieties 123.56 71.61 51.95 0.989 0.162
*, *¥*&*** implies statistically significant at p < 0.1, p <0.05 and p < 0.01, respectively.
Table 4. Maize yield of adapters and non-adapters of climate change adaptation strategies in Apac and Amuru district in 2018.

Mean
Adaptation strategies Adapters Non-adapters Difference t-stat P value
Planting drought-resistant varieties 302.73 229.73 73 0.895 0.186
Use of improved seeds 311.61 248.26 63.35 0.942 0.174
Use of chemical fertilizers 363.33 260.45 102.88 1.415*% 0.079
Intensive use of pesticides 362.56 144.59 217.97 3.269*** 0.001
Fallowing the garden 302.07 263.03 39.04 0.574 0.283
Use of different crop varieties 295.46 157.50 137.96 0.854 0.197
Practicing tree planting 37273 232.36 140.37 2.141%* 0.017
Changing time of planting 293.51 249.55 43.96 0.435 0.332
Practicing soil conservation 250.64 314.08 —63.44 0.956 0.170
Practicing Irrigation 488.81 254.75 234.06 2.5771%*% 0.006
Use of Compost 253.19 300.09 —46.9 0.623 0.267
Practicing Crop rotation 299.78 165.63 134.15 1.156 0.125
Planting Early-maturing varieties 295.36 22222 73.14 0.663 0.254

¥, ¥*&*** implies statistically significant at p < 0.1, p <0.05 and p < 0.01, respectively.
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Table 5. Groundnut yield of adapters and non-adapters of climate change adaptation strategies in Apac and Amuru districts in 2018.

Mean (SE)
Adaptation strategies Adapters Non-adapters Difference t-stat P value
Planting drought-resistant varieties 493.01 422.85 70.16 0.685 0.247
Use of improved seeds 49411 451.24 42.87 0.463 0.322
Use of chemical fertilizers 661.06 415.50 245.56 2.225%* 0.014
Intensive use of pesticides 565.34 267.96 297.38 3.094%*** 0.001
Fallowing the garden 560.77 344.27 216.5 2.351%* 0.010
Use of different crop varieties 474.00 396.67 77.33 0.264 0.396
Practicing tree planting 561.40 424.75 136.65 1.424* 0.079
Changing time of planting 491.43 311.36 180.07 1.141 0.128
Practicing soil conservation 482.84 468.46 14.38 0.145 0.443
Practicing Irrigation 317.54 492.675 —175.13 1.201 0.116
Use of Compost 247.69 509.11 —261.42 1.981** 0.025
Practicing Crop rotation 485.22 308.75 176.47 0.970 0.167
Planting early-maturing varieties 448.97 70291 —253.94 1.626 0.053

*, **&*** implies statistically significant at p < 0.1, p <0.05 and p < 0.01, respectively.

underground groundnut pods. According to Magom-
beyi et al. (2018), there are usually significant vari-
ations in yields from different agricultural water
management technologies. The application of pesti-
cides to maize and groundnuts crops could have led
to a reduced infestation of these crops by pests and
diseases increasing their mean yields.

This study, however, established that farmers who
practiced soil conservation (p=0.080) in bean
gardens and those who used compost (p =0.025) in
groundnut gardens had significantly lower mean
bean and groundnut yields, respectively, than their
counterparts who did not. This could be attributed
to the quality of the mulch material with intent to
conserve soil and the compost used which if not prop-
erly dried and spread to the right thickness could
either harbour pests or promote the growth of

performance in terms of growth and yield. This
finding corroborates with earlier studies (e.g. Edralin
et al, 2017; Nankya et al., 2017; Ramaekers et al.,
2013) which revealed positive effect of proper appli-
cation of mulch and compost as a means of soil con-
servation on crop yield. The finding by lkeh et al.
(2019) also found that semi-dried mulch materials
may increase weed growth which could lead to com-
petition for soil nutrients with the crop.

The application of fertilizer in all the crops
observed in this study which led to significantly
higher mean yield could be attributed to increased
intake of soil nutrients which is enhanced by inorganic
components such as nitrogen, phosphorus and pot-
assium in fertilizers which are greatly needed for the
growth of the crops (Itelima et al., 2018). Through irri-
gation as depicted in beans and maize, there could be

weeds which in the end negatively affect the crops’ increased soil infiltration by water leading to
Table 6. Effect of adaptation intensity on maize yield.
maize_log Pooled Amuru Apac

Coef. Std. Err. P>z Coef. Std. Err. P>z Coef. Std. Err. P>z
Adapt_int 0.211 0.477 0.658 —0.156 2.305 0.946 0.040 0.449 0.928
credit 0.598 0.483 0.215 1.124 1.298 0.387 0.343 0.523 0.512
HHsize 0.034 0.059 0.568 —0.169 0.177 0.341 0.030 0.076 0.697
Land_cultivated 0.279 0.257 0.277 -0.570 0.593 0.337 0.367 0.255 0.150
Farming_exp —0.011 0.014 0.444 0.063 0.111 0.571 -0.017 0.016 0.288
group —0.287 0.328 0.381 0.075 2.329 0.974 —0.165 0.353 0.641
logland —0.258 0.289 0.373 -0.195 0.435 0.654 —0.298 0.505 0.555
Male 0.251 0.304 0.409 1.321 0.762 0.083 0.121 0.320 0.705
log_crop_ent -0.233 0.646 0.718 -3.720 1.865 0.046 0.154 0.693 0.824
log_farmY 0.299 0.165 0.070 1.170 1.934 0.545 0.314 0.139 0.024
Climate_info 0.405 0.426 0.342 -4.573 2.540 0.072 0.461 0.448 0.304
district 0.499 0.714 0.484
_cons -2.271 2.343 0.332 6.018 9.278 0.517 -1.596 2.564 0.534
N 181 23 158
Wald chi’(16) 59.25 83.35 51.68
Prob > chi? 0.000 0.000 0.000
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increased water uptake by the beans and maize plants
resulting in increased yield. In the case of tree plant-
ing, it could result to reduced soil erosion since tree
roots hold together soil particles leading to reduced
soil erosion and retained water and soil nutrients
that are highly needed for the healthy growth of
maize.

Whereas for all the crops, most of adaptation strat-
egies (except use of compost, different crop varieties
and soil conservation in the case of beans) were
associated with higher yield, not all of them were
associated with significant crop vyield differences
between adapters and non-adapters. For example,
in the case of beans, only five out of the 13 practices
were associated with significant yield differences
between adapters and non-adapters, while, for
maize, only four were associated with significant
yield differences between adapters and non-adapters,
and in the case of groundnuts, only five practices were
associated with significantly higher yields. Whereas, it
is anticipated that each of the climate change adap-
tation strategy is meant to cushion the crops from
weather shocks, and thereby yielding higher than
situations where there were no such practices, these
findings presents a dilemma on the effectiveness of
some of the practices. This dilemma can be explained
by two main scenarios. First, where farmers have
adapted the practices poorly, the impact will be
minimal. Addressing this challenge requires farmers
to be made aware of the best practices especially
through climate smart agricultural extension
(Manalo IV et al., 2020; Nord et al., 2021). Secondly,
with increasing intensity and unpredictability of
climate change effects including changes in rainfall
patterns, there could have been a mismatch
between the climate change risk and the associated
adaptation strategy. This second challenge may
require a multi-throng approach including adoption
of transformational climate change adaptation strat-
egies as opposed to the incremental climate change
adaptation. Fedele et al. (2019) observed that use of
transformative climate change adaptation has the
potential of increasing sustainability of effort and
efficiency of intervention with respect to climate
change adaptation. According to Rickards and
Howden (2012), transformational adaption involves
significant changes in land use coupled with introduc-
tion of new products including ecosystems services.
The successful implementation and adoption of trans-
formational adaptation requires that the limits of the
current climate change adaptation strategies are

treated as the starting point for any transformational
adaption (Panda, 2018). Adoption of transformational
adaptation have been shown to be associated with
significant education and engagement, innovation,
and institutional development (Ajulo et al., 2020)
which are all relevant in the context of smallholder
farming.

Adaptation intensity and effects on crop yield

Effect of adaptation intensity on maize yield

The study results on the yield of maize are presented
in Table 6. The coefficient of residuals included testing
for endogeneity of adaptation in the yield of maize
function was not significant, suggesting that the
adaptation decisions made by these farmers towards
the strategies used to reduce the effects of climate
change on the yield of maize could be exogenous in
the yield function. We however maintained them in
the equation to show the results of this test. The
Wald test confirms the importance of variation
included in explaining variations in the maize yield
(Wald chi2(16) 59.25, p-value = 0.000). Results show
that adaptation intensity had no significant
influence on maize yield across the two districts and
for the pooled model. Maize yield was instead signifi-
cantly influenced by other factors including the
numbers of crop species farmers engage in and
farm income.

The results indicate that the number of crop
species farmers plant in one season and household
farm income had a strong and significant effect on
maize yield (Table 6). Farmers in Amuru district who
planted few crop species but majorly maize realized
significantly (p=0.046) better maize vyield than
those households that planted maize together with
many other crops species in the same season (Table
6). Farmer households in Apac district that had
higher revenues from farm income had significantly
(p=0.024) higher yield in maize compared to their
counterparts that depended majorly on non-farm
income in their households. This finding provides evi-
dence that moving towards specialization of crop
species and increased dependence on farm house-
hold income by household is associated with
improved maize yield. Our finding corroborates with
a study by Takim (2012) which showed that intercrop-
ping maize with legumes such as beans and cowpeas
reduces grain yield due to competition between the
two crops compared to sole maize cropping. Further-
more, the findings of Thornton and Herrero (2015)
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Table 7. Effect of adaptation intensity on bean vyield.

bean log Pooled Amuru Apac

Coef. Std. Err. P>z Coef. Std. Err. P>z Coef. Std. Err. P>z
Adapt_int 0.582 0.214 0.006 0.450 0.250 0.072 0.529 0.408 0.195
credit 0.334 0.306 0.275 0.352 0.504 0.485 0.464 0.435 0.286
married 0.222 0.397 0.577 —0.027 0.625 0.966 0.188 0.586 0.748
no_educ —0.276 0.729 0.705 —0.781 1.044 0.454 0.073 0.904 0.936
primary 0.806 0.501 0.108 0.863 0.705 0.221 0.918 0.620 0.138
secondary 0.987 0.464 0.033 1.106 0.623 0.076 1.116 0.625 0.074
HHsize 0.033 0.041 0.420 0.051 0.049 0.295 —0.027 0.104 0.796
log_dist —0.243 0.219 0.268 —0.238 0.234 0.309 —0.162 0.285 0.570
Time taken 0.405 0.267 0.130 0.259 0.228 0.256 0.384 0.362 0.289
Land_owned 0.000 0.002 0.872 0.002 0.002 0.365 —0.051 0.242 0.833
Farming_exp —0.022 0.012 0.069 —-0.011 0.017 0.525 —0.029 0.016 0.062
group —0.705 0.325 0.030 —0.724 0.359 0.043 —0.699 0.534 0.190
logland —0.109 0.289 0.708 —0.108 0.294 0.712 0.377 1.186 0.750
Male 0.347 0.343 0.312 -0.197 0.469 0.674 0.762 0.515 0.138
log_crop_ent —1.588 0.544 0.004 —0.963 0.662 0.146 —2.354 0.949 0.013
district 2.347 0.443 0.000
_cons —0.228 1.663 0.891 2457 2.010 0.222 0.751 2.671 0.779
N 199 81 118
Wald chi2(16) 152.34 61.96 50.43
Prob > chi? 0.000 0.000 0.000

revealed that farmers who specialize on a particular
crop species per season and mainly depend on farm
income realize better crop yield than their counter-
parts who plant many crop species and also depend
less on-farm income.

Adaptation intensity and effects on bean yield
The findings as presented in Table 7 show that adap-
tation intensity had a significant influence on bean
yield for the pooled model. This specifically implies
that farmers who adopted an additional climate
change adaptation strategy realized significantly (p
=0.006) higher yields than those farmers who
adopted fewer adaptation strategy as a means to
reduce the effects of climate change on bean yield.
This means that the more adaptation strategies to
the effects of climate change farmers used, the
better the yield of beans. This finding is in agreement
with earlier studies that found that farmers who adopt
more adaptation strategies experience increased food
productivity (Onzima et al., 2019).

The study findings further show that level of edu-
cation of the household head positively influenced
bean yield in the pooled model. This suggests that
households that had their heads who attained up to
the secondary level of education realized significantly
(p =10.033) higher bean yield than households whose
heads attained only primary or no education at all
(Table 7). This means that household heads that
attained secondary education were 0.987 times
more likely to have a better yield of beans than

their counterparts that attained below secondary
education.

Table 7 also shows that household heads who
belonged to farmer group(s) had a significantly nega-
tive influence on bean yield in the pooled model (p =
0.030) and in Amuru district (p = 0.043). This finding
means that farmers who belonged to farmer group
(s) were 0.705 and 0.724 times less likely to have a
better yield of beans in the pooled model and in the
Amuru district than those farmers who did not
belong to any farmer group. This is partly in agree-
ment with the findings of Mwaura (2014) which
revealed that membership to farmer groups does
not necessarily lead to the adoption of high yielding
technologies and increased productivity. This could
be associated with the shifting of resources including
capital, management and labour to other crop species
that are of higher values as indicated in the MAAIF's
report of, 2010. Nevertheless, that same study
(Mwaura, 2014) found that membership to farmer
groups was observed to lead to the achievement of
higher yields in banana and cassava. This could be
because farmers who belong to farmer groups have
better opportunities to access more extension services
and therefore have better yields than those who do
not belong to any farmer groups (lyabano et al.,
2021; Nyberg et al., 2021). This particular finding
could probably be due to the reluctance of members
of a group with the view that group benefits are
never owned individually which makes individuals
put more effort in personal than group initiatives.
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This study also revealed that the number of crop
species grown by a farmer in a season had a signifi-
cant influence on bean yield both at the pooled (p
=0.004) level and in Apac district (p=0.013). This
specifically means that the number of crop species a
farmer engaged in significantly influenced the yield
of beans both in the pooled level and in Apac district.
From the pooled model and Apac district model,
farmers who grew more than one crop species were
1.588 and 2.354 times, respectively less likely to
have better yield of beans than those who grew
only one crop species. This could be because those
who grew only one crop species are able to direct
all production resources to bean production resulting
in better yield than those who grew many crop
species and use the little available resources in the
family to cater for all the different crop species they
are growing. This finding corroborates with the
findings of earlier studies (Bottrell & Schoenly, 2018)
that confirm that the direction of resources by
farmers on one crop species grown produces better
yield than when resources are directed to many
crop species grown in the same cropping season.

Adaptation intensity and effects on groundnut’s
yield

Results in Table 8 shows that adaptation intensity had
no significant influence on groundnut’s yield across
the two districts and for the pooled model. Ground-
nuts’ yield was instead significantly influenced by
other factors including level of education, distance

Table 8. Effect of adaptation intensity on groundnut yield.

to market, time taken to market, size of land owned,
farming experience and districts both at the pooled
model and at district levels. The findings in this
study showed that household heads in Apac that
did not attain any formal education (p = 0.004) were
3.809 times less likely to have higher groundnut
yields than their counter parts who attained formal
education. This could be because better-educated
farmers may have higher incomes and are more
aware of pests and disease management systems
which make them have better crop vyields than
those not formally educated.

Household heads that had to move long distances
to market by road in the pooled model (p =0.001) and
in Apac district (p=0.003), respectively were 0.771
and 0.850 times less likely to have high groundnuts
yield than their counterparts who were nearer the
markets. This is in line with the findings of Amare
and Simane (2017) in which he contends that more
farmers in rural areas tend to adopt innovations
when there is improved infrastructure such as better
roads and markets. This could be because easier
access to agricultural inputs, agricultural extension
services and the market creates more demand for
the farmers to produce more groundnuts for the
readily available market. Another probable reason
for this could be that a short distance to the market
increases the incentive of farmers to produce
surplus foods that can easily be taken to the market.
An additional explanation could also be that farmers
who are far from the market could be having

gnut_log Pooled Amuru ~ Apac

Coef. Robust Std. Err. P>z Coef. Robust Std. Err. P>z Coef. Std. Err. P>z
Adapt_int 0.453 0.510 0.374 1.040 0.603 0.085 —0.674 0.410 0.100
credit —0.147 0.544 0.788 —0.527 0.947 0.578 —1.099 0.715 0.124
married 0.427 0.619 0.490 1.170 1.347 0.385 1.241 0.932 0.183
no_educ —0.692 1.301 0.595 1.482 1.897 0.435 —3.809 1.309 0.004
primary 0.251 0.982 0.799 1.542 1.499 0.304 —1.823 1.179 0.122
secondary 0.057 0.969 0.954 1.801 1.565 0.250 -1.727 1.281 0.177
HHsize 0.007 0.113 0.950 0.112 0.166 0.502 0.066 0.122 0.590
log_dist -0.771 0.228 0.001 0.479 0.547 0.381 —0.850 0.290 0.003
Timetaken 1.007 0.279 0.000 —0.735 0.993 0.459 0.673 0.251 0.007
Land_owned 0.070 0.060 0.245 0.242 0.112 0.031 0.330 0.202 0.103
Farming_exp —0.056 0.022 0.012 —0.055 0.026 0.035 —0.015 0.032 0.636
group —-0.519 0.426 0.223 —0.154 0.562 0.784 0.221 0.875 0.800
logland —0.349 0.927 0.707 —3.227 1.749 0.065 —0.083 1.046 0.937
Male 0.120 0.547 0.826 —0.455 0.960 0.635 0.313 0.591 0.596
log_crop_ent —0.448 1.090 0.681 —3.247 1.389 0.019 2.041 1.650 0.216
district 1.645 0.569 0.004
_cons 2.924 3.190 0.359 5.592 4.039 0.166 7.561 2.548 0.003
N 100 46 54
Wald chi*(16) 45.02 69.43 324.65
Prob > chi? 0.000 0.000 0.000
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difficulty in accessing agricultural extension services
that should prompt them to utilize irrigation as a
method of improving yield amidst change.

Households that had to take a longer time walking
to the market by road in the pooled model (p = 0.000)
and in Apac district (p =0.007) were 1.007 and 0.673
times, respectively more likely to have better ground-
nut yields than their counterparts that took shorter
time. In this study, time taken to the market is a
proxy of the road distance, the means of transport
used and the cost of transportation to the market.
This particular finding contrast with other previous
studies which show a decrease in the tendency of
farmers to adopt climate change strategies as the
market gets further away from their farms (Uddin
et al., 2014). A study by Amare and Simane (2017) in
the upper Blue Nile basin of Ethiopia also revealed
that there is more adoption of modern farming tech-
nologies in areas with good roads which eases
farmers’ access to the market. According to Abid
et al. (2015), farmers nearer to markets have a better
avenue to share and exchange information among
themselves and other service providers making such
farmers more likely to adopt innovations that
promote crop yield. Easy access to the market by
farmers according to Sinyolo et al. (2017) increases
their incentive to produce in surplus. However, in
this particular study, this interesting finding could
be because farmers living far from urban areas could
be having bigger pieces of land that they cultivate
and even allow other portions to fallow to enhance
soil fertility and therefore increased crop yields.
Additionally, the difficulty in the transportation of
farm produce to distant markets through poor roads
by individual farmers could have probably been
eased by increased access to the far-away farmers
by middlemen who travel long distances to buy
from the farm gate hence providing a ready market
for the far-away farmers.

Households that owned bigger pieces of land in
Amuru district had significant (p=0.031) influence
and were 0.242 times more likely to have better
groundnuts yields than those owning smaller pieces
of land. Households that had long experience in
farming in the pooled model (p=0.012) and in
Amuru districts (p=0.035) were 0.056 and 0.055
times, respectively less likely to have better ground-
nuts yields than their counterparts who had shorter
experience in farming. This is an interesting finding
which is contrary to other studies such as the one
by Amare et al. (2018) which was conducted in

Dejen District, the Nile Basin of Ethiopia which estab-
lished that as one becomes more experienced in
farming, the probability of adopting improved
farming methods increases resulting to better crop
yields. However, in this particular study, the less
experienced farmers could be better placed to
access better extension services and market infor-
mation using modern communication techniques
such as mobile phones, radios and televisions which
enable them to have higher groundnut yields than
the more experienced farmers who may not be
exposed to the same communication platforms.

Households that had many crop species grown in
Amuru district (p=0.019) were 3.247 times less
likely to have better groundnut yields than those
that specialized in growing only groundnuts. This
probably means that the more crop species a farmer
grows in a season, the less the yield of groundnuts
by that same farmer. This situation could be
because those who grew only one crop species
directed all their production resources to groundnut
production hence had better groundnut yield than
those who grew many different crop species besides
growing groundnuts. After all they had to sparingly
distribute the little available resources in the family
to cater for all the crop species the households grew
in that season. This finding corroborates with the
findings of Bottrell and Schoenly (2018) that confirm
that the direction of resources by farmers on one
crop species grown produces better yield than when
the limited resources are directed to many crop
species grown in the same cropping season.

Households that grew groundnuts in the two dis-
tricts of Amuru and Apac when pooled together
were found to have significant (p=0.004) influence
on groundnut yield and were 1.645 times more
likely to have better groundnut yield than when ana-
lysed at the individual district level.

Conclusions

This study assessed the effect of adaptation intensity
of smallholder farmers to climate change on crop
yield with a particular focus on maize, groundnuts
and beans in Apac and Amuru districts. Using 395
smallholder farmer household heads across two dis-
tricts in northern Uganda as the study sample size,
we found that the most common climate change
adaptation strategies used by smallholder farmers in
the study area were related to varietal adjustments
including using different crop varieties each time,
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planting drought-resistant varieties, and early matur-
ing varieties, and use of improved seeds. Changing
the time of planting was also being practiced by
over 90% of the farmers for the different crops. The
least common strategy was irrigation. Strategies
related to improving soil nutrients including the use
of chemical fertilizers and compost were also prac-
ticed by relatively few farmers. A comparison of the
yield of the three major crops in the study area
between adapters and non-adapters generally show
that adapters realized significantly higher yield of all
the three crops than non-adapters of most of the
climate change adaptation strategies. This is interest-
ing because if access to agricultural extension services
and weather information could be improved, a signifi-
cant number of farmers could be protected against
the adverse effects of climate change such as
droughts and floods. However, this was not the case
for bean farmers who practiced soil conservation
and for groundnut farmers who used compost prob-
ably due to the quality of the mulch material which
if not properly dried and evenly spread to the right
thickness could either harbour pests or promote the
growth of weeds which at the end negatively affect
the crops’ performance in terms of growth and
yield. Such lack of significant effects of adaptation
practices, that should have led to yield increments
points to the need to shift from incremental adap-
tation to transformational adaption which is usually
recommended where incremental adaptations fails.
Drawing from the above findings, the study rec-
ommends that government and development part-
ners should focus on strengthening appropriate
agricultural practices that have shown positive
impact on crop yield. In addition, the government
needs to strengthen agricultural extension services
to farmers on the use of improved seeds, traditional
climate smart agricultural practices such as mulching,
conservation agriculture, intercropping, crop rotation,
integrated crop-livestock management to enhance
smallholder farmers’ awareness of these practices
leading to improved crop yield. Government should
create access to credit schemes through soft loans
with government financial institutions, Savings and
Credit Cooperatives Societies (SACCOS) and Village
Savings and Loan Associations (VSLA) to increase
the adaptation intensity of smallholder farmers in
northern Uganda. Lastly, there is need to understand
smallholder farmers perception on why farmers
choose to adopt certain climate change adaptation
practices instead of adapting to the whole package.

Acknowledgements

The work is partially supported by the African Development
Bank (ADB) in their initiative to build the capacity of science lec-
turers at Gulu University. We thank Gulu University for providing
an enabling environment for this study. We also extend our
gratitude to Gulu University Research Ethics Committee
(GUREC), Uganda National Council of Science and Technology
(UNCST) and the office of the President of the Republic of
Uganda for granting permission to conduct this study. Further-
more, we are grateful to the respondents who provided infor-
mation for this study, the district administration and the
agricultural officers for supporting the survey.

Disclosure statement

No potential conflict of interest was reported by the author(s).

Funding

This work was supported by Gulu University ADB project [grant
number P-UG-IAD-001].

Data availability statement

The datasets used and/or analysed during the current study are
available from the corresponding author on reasonable request.

Notes on contributors

Francis Atube is a lecturer in the department of Science Edu-
cation (Agriculture) in the faculty of Education and Humanities,
Gulu University. He is also a PhD student of Agriculture and
Applied Biosciences in the faculty of agriculture and Environ-
ment, Gulu University. His research focuses on climate change
adaptation and its impact in smallholder settings

Daniel M. Okello is an agricultural economist, with research
focus on the sustainability and efficiency of smallholder
systems and their participation in markets. He is a part-time
assistant lecturer at Gulu University.

Dr. Geoffrey Maxwell Malinga is a senior lecturer in the depart-
ment of Biology in the faculty of science, Gulu University. He is
an insect ecologist and has undertaken research towards devel-
oping technology for mass rearing of one of the most economi-
cally important edible insect in Africa, in addition to several
intensification and adaptation studies.

Dr. Martine Nyeko is a senior lecturer in the department of Bio-
systems Engineering, faculty of Agriculture and Environment,
Gulu University. His research focuses on hydrologic modelling.

Prof. Ipolto Okello-Uma, is a full-time professor in the depart-
ment of Food Science and Post-Harvest technology, faculty of
Agriculture and Environment, Gulu University

ORCID

Francis Atube (2 http://orcid.org/0000-0001-6180-8239


http://orcid.org/0000-0001-6180-8239

INTERNATIONAL JOURNAL OF AGRICULTURAL SUSTAINABILITY ’ 979

Daniel M. Okello (2 http://orcid.org/0000-0003-2967-2428
Geoffrey M. Malinga () http://orcid.org/0000-0002-6551-2897
Martine Nyeko (2 http://orcid.org/0000-0002-9696-5960

References

Abid, M., Scheffran, J., Schneider, U. A., & Ashfag, M. J. E. S. D.
(2015). Farmers’ perceptions of and adaptation strategies to
climate change and their determinants: The case of Punjab
province, Pakistan. Earth System Dynamics, 6(1), 225-243.
https://doi.org/10.5194/esd-6-225-2015

Adhikari, U, Nejadhashemi, A. P., & Woznicki, S. A. (2015).
Climate change and Eastern Africa: A review of impact on
major crops. Food and Energy Security, 4(2), 110-132.
https://doi.org/10.1002/fes3.61

Ajak, B. J., Kyazze, F. B., & Mukwaya, P. |. (2018). Choice of adap-
tation strategies to climate variability among smallholder
farmers in the maize based cropping system in Namutumba
District, Uganda. American Journal of Climate Change, 7(3),
431-451. https://doi.org/10.4236/ajcc.2018.73026

Ajulo, O., Von-Meding, J., & Tang, P. (2020). Upending the status
quo through transformative adaptation: A systematic litera-
ture review. Progress in Disaster Science, 6, 100103. https://
doi.org/10.1016/j.pdisas.2020.100103

Akinnagbe, O. M., & Irohibe, I. J. (2015). Agricultural adaptation
strategies to climate change impacts in Africa: A review.
Bangladesh Journal of Agricultural Research, 39(3), 407-418.
https://doi.org/10.3329/bjar.v39i3.21984

Al-Bakri, J., Suleiman, A., Abdulla, F., & Ayad, J. (2011). Potential
impact of climate change on rainfed agriculture of a semi-
arid basin in Jordan. Physics and Chemistry of the Earth,
Parts A/B/C, 36(5-6), 125-134. https://doi.org/10.1016/j.pce.
2010.06.001

Amare, A, & Simane, B. (2017). Determinants of smallholder
farmers’ decision to adopt adaptation options to climate
change and variability in the Muger Sub basin of the Upper
Blue Nile Basin of Ethiopia. Agriculture & Food Security, 6(1),
1-20. https://doi.org/10.1186/540066-017-0144-2

Amare, A, & Simane, B. (2018). Does adaptation to climate
change and variability provide household food security?
Evidence from Muger sub-basin of the upper Blue-Nile,
Ethiopia. Ecological Processes, 7(1), 1-12. https://link.
springer.com/article/10.1186/s13717-018-0124-x

Amare, Z.Y., Ayoade, J. O., Adelekan, I. O., & Zeleke, M. T. (2018).
Barriers to and determinants of the choice of crop manage-
ment strategies to combat climate change in Dejen District,
Nile Basin of Ethiopia. Agriculture & Food Security, 7(1), 1-11.
https://doi.org/10.1186/s40066-018-0188-y

Amikuzino, J., & Donkoh, S. A. (2012). Climate variability and
yields of major staple food crops in Northern Ghana.
African Crop Science Journal, 20, 349-360.

Angwech, H., Nyeko, J. H., Opiyo, E. A., Okello-Onen, J., Opiro, R.,
Echodu, R, Malinga, G. M., Njahira, M. N., & Skilton, R. A.
(2015). Heterogeneity in the prevalence and intensity of
bovine trypanosomiasis in the districts of Amuru and
Nwoya, Northern Uganda. BMC Veterinary Research, 11(1),
1-8. https://doi.org/10.1186/512917-014-0312-6

Atube, F., Malinga, G. M., Nyeko, M., Okello, D. M., Alarakol, S. P., &
Okello-Uma, I. (2021). Determinants of smallholder farmers’
adaptation strategies to the effects of climate change:

Evidence from northern Uganda. Agriculture & Food Security,
10(1), 1-14. https://doi.org/10.1186/s40066-020-00279-1

Auma, S. (2016). Land confilict, gender and agricultural production:
A case of Apac district, Northern Uganda [Master's thesis].
Norwegian University of Life Sciences.

Bandara, J. S., & Cai, Y. (2014). The impact of climate change on
food crop productivity, food prices and food security in South
Asia. Economic Analysis and Policy, 44(4), 451-465. https://doi.
org/10.1016/j.eap.2014.09.005

Bottrell, D. G., & Schoenly, K. G. (2018). Integrated pest manage-
ment for resource-limited farmers: Challenges for achieving
ecological, social and economic sustainability. The Journal
of Agricultural Science, 156(3), 408-426. https://doi.org/10.
1017/50021859618000473

Chepkoech, W., Mungai, N. W., Stober, S., Bett, H. K., & Lotze-
Campen, H. (2018). Farmers’ perspectives: Impact of climate
change on African indigenous vegetable production in
Kenya. International Journal of Climate Change Strategies
and Management, 10(4), 551-579. https://doi.org/10.1108/
1JCCSM-07-2017-0160

Di Falco, S., Veronesi, M., & Yesuf, M. (2011). Does adaptation to
climate change provide food security? A micro-perspective
from Ethiopia. American Journal of Agricultural Economics,
93(3), 829-846. https://doi.org/10.1093/ajae/aar006

Edralin, D. A., Sigua, G. C., Reyes, M. R.,, Mulvaney, M. J,, &
Andrews, S. S. (2017). Conservation agriculture improves
yield and reduces weeding activity in sandy soils of
Cambodia. Agronomy for Sustainable Development, 37(5), 52.
https://doi.org/10.1007/s13593-017-0461-7

Eshetu, G., Johansson, T. Garedew, W., & Yisahak, T. (2021).
Determinants of smallholder farmers’ adaptation options to
climate change in a coffee-based farming system of
Southwest Ethiopia. Climate and Development, 13(4), 318-
325. https://doi.org/10.1080/17565529.2020.1772706

Fadina, A. M. R., & Barjolle, D. (2018). Farmers’ adaptation strat-
egies to climate change and their implications in the Zou
Department of South Benin. Environments, 5(1), 15. https://
doi.org/10.3390/environments5010015

Fedele, G., Donatti, C. I, Harvey, C. A,, Hannah, L., & Hole, D. G.
(2019). Transformative adaptation to climate change for sus-
tainable social-ecological systems. Environmental Science &
Policy, 101, 116-125. https://doi.org/10.1016/j.envsci.2019.
07.001

Gireshsingh, M., & Mahindra, C. (2016). A study on the effects of
different irrigation methods and fertilizer regimes on ground-
nut (Arachis hypogea var. cabri). Scholars Journal of
Agriculture and Veterinary Sciences, 3, 9-19.

Hisali, E., Birungi, P., & Buyinza, F. (2011). Adaptation to climate
change in Uganda: Evidence from micro level data. Global
Environmental Change, 21(4), 1245-1261. https://doi.org/10.
1016/j.gloenvcha.2011.07.005

Huang, J., Wang, Y., & Wang, J. (2015). Farmers’ adaptation to
extreme weather events through farm management and its
impacts on the mean and risk of rice yield in China.
American Journal of Agricultural Economics, 97(2), 602-617.
https://doi.org/10.1093/ajae/aav005

Ikeh, A. O., Udoh, E., & Opara, A. (2019). Effect of mulching on
weed, fruit yield and economic returns of garden egg
(Solanium melogena) in Okigwe southeastern Nigeria.
Journal of Research in Weed Science, 2, 52-64. https://dx.doi.
org/10.26655/jrweedsci.2019.1.5


http://orcid.org/0000-0003-2967-2428
http://orcid.org/0000-0002-6551-2897
http://orcid.org/0000-0002-9696-5960
https://doi.org/10.5194/esd-6-225-2015
https://doi.org/10.1002/fes3.61
https://doi.org/10.4236/ajcc.2018.73026
https://doi.org/10.1016/j.pdisas.2020.100103
https://doi.org/10.1016/j.pdisas.2020.100103
https://doi.org/10.3329/bjar.v39i3.21984
https://doi.org/10.1016/j.pce.2010.06.001
https://doi.org/10.1016/j.pce.2010.06.001
https://doi.org/10.1186/s40066-017-0144-2
https://link.springer.com/article/10.1186/s13717-018-0124-x
https://link.springer.com/article/10.1186/s13717-018-0124-x
https://doi.org/10.1186/s40066-018-0188-y
https://doi.org/10.1186/s12917-014-0312-6
https://doi.org/10.1186/s40066-020-00279-1
https://doi.org/10.1016/j.eap.2014.09.005
https://doi.org/10.1016/j.eap.2014.09.005
https://doi.org/10.1017/S0021859618000473
https://doi.org/10.1017/S0021859618000473
https://doi.org/10.1108/IJCCSM-07-2017-0160
https://doi.org/10.1108/IJCCSM-07-2017-0160
https://doi.org/10.1093/ajae/aar006
https://doi.org/10.1007/s13593-017-0461-7
https://doi.org/10.1080/17565529.2020.1772706
https://doi.org/10.3390/environments5010015
https://doi.org/10.3390/environments5010015
https://doi.org/10.1016/j.envsci.2019.07.001
https://doi.org/10.1016/j.envsci.2019.07.001
https://doi.org/10.1016/j.gloenvcha.2011.07.005
https://doi.org/10.1016/j.gloenvcha.2011.07.005
https://doi.org/10.1093/ajae/aav005
https://dx.doi.org/10.26655/jrweedsci.2019.1.5
https://dx.doi.org/10.26655/jrweedsci.2019.1.5

980 (&) F.ATUBEETAL.

Intergovernmental Panel on Climate Change. (2007). Climate
change 2007: Impacts, adaptation and vulnerability:
Contribution of Working Group Il to the fourth assessment
report of the Intergovernmental Panel on climate change.
Cambridge University Press.

Itelima, J. U, Bang, W. J,, Onyimba, I. A, Sila, M. D., & Egbere, O. J.
(2018). Bio-fertilizers as key player in enhancing soil fertility
and crop productivity: A review. Direct Research Journal of
Agriculture and Food Science, 6(3), 73-83. https://doi.org/10.
26765/DRJAFS.2018.4815

lyabano, A., Klerkx, L., Faure, G., & Toillier, A. (2021). Farmers’
organizations as innovation intermediaries for agroecological
innovations in Burkina Faso. International Journal of
Agricultural - Sustainability, 1-17. https://doi.org/10.1080/
14735903.2021.2002089

Kahsay, G. A., & Hansen, L. G. (2016). The effect of climate change
and adaptation policy on agricultural production in Eastern
Africa. Ecological Economics, 121, 54-64. https://doi.org/10.
1016/j.ecolecon.2015.11.016

Khanal, U., Wilson, C,, Hoang, V. N., & Lee, B. (2018). Farmers’
adaptation to climate change, its determinants and impacts
on rice yield in Nepal. Ecological Economics, 144, 139-147.
https://doi.org/10.1016/j.ecolecon.2017.08.006

Krejcie, R. V., & Morgan, D. W. (1970). Determining sample size

for research activities. Educational and Psychological
Measurement, 30(3), 607-610. https://doi.org/10.1177/
001316447003000308

Liu, L., & Basso, B. (2020). Impacts of climate variability and adap-
tation strategies on crop yields and soil organic carbon in the
US Midwest. PloS one, 15(1), e0225433. https://doi.org/10.
1371/journal.pone.0225433

MAAIF. (2010). Ministry of Agriculture, Animal Industry and
Fisheries. Agriculture for food and income decurity:
Agriculture Sector Development Strategy and Investment
Plan: 2010/11-2014/15. Kampala: MAAIF. Retrieved July 30,
2021, from https://www.ajol.info/index.php/acsj/article/
view/108510

Magombeyi, M. S., Taigbenu, A. E, & Barron, J. (2018).
Effectiveness of agricultural water management technologies
on rainfed cereals crop yield and runoff in semi-arid catch-
ment: A meta-analysis. International Journal of Agricultural
Sustainability, 16(4-5), 418-441. https://doi.org/10.1080/
14735903.2018.1523828

Manalo IV, J. A, van de Fliert, E., & Fielding, K. (2020). Rice
farmers adapting to drought in the Philippines.
International Journal of Agricultural Sustainability, 18(6),
594-605. https://doi.org/10.1080/14735903.2020.1807301

Marie, M., Yirga, F., Haile, M., & Tquabo, F. (2020). Farmers’
choices and factors affecting adoption of climate change
adaptation strategies: Evidence from northwestern Ethiopia.
Heliyon, 6(4), e03867. https://doi.org/10.1016/j.heliyon.2020.
e03867

Mubiru, D. N., Komutunga, E., Agona, A., Apok, A., & Ngara, T.
(2012). Characterising agrometeorological climate risks and
uncertainties: Crop production in Uganda. South African
Journal of Science, 108(3), 1-11. http://dx.doi.org/10.4102/
sajs.v108i3/4.470

Mubiru, D. N., Kyazze, F. B, Radeny, M., Zziwa, A, Lwasa, J., &
Kinyangi, J. (2015). Climatic trends, risk perceptions and
coping strategies of smallholder farmers in rural Uganda
(CCAFS Working Paper no. 121). CGIAR Research Program

on Climate Change, Agriculture and Food Security (CCAFS).
Copenhagen. Retrieved June 27, 2021, from www.ccafs.
cgiar.org

Mubiru, D. N., Radeny, M., Kyazze, F. B, Zziwa, A, Lwasa, J.,
Kinyangi, J.,, & Mungai, C. (2018). Climate trends, risks and
coping strategies in smallholder farming systems in
Uganda. Climate Risk Management, 22, 4-21. https://doi.org/
10.1016/j.crm.2018.08.004

Mulumba, J. W., & Kakudidi, E. (2010). Numerical taxonomic
study of acacia senegal (fabaceae) in the cattle corridor of
Uganda. South African Journal of Botany, 76(2), 272-278.
https://doi.org/10.1016/j.5ajb.2009.11.005

Mwaura, F. (2014). Effect of farmer group membership on agri-
cultural technology adoption and crop productivity in
Uganda. African Crop Science Journal, 22, 917-927.

Nankya, R., Mulumba, J. W., Caracciolo, F., Raimondo, M.
Schiavello, F., Gotor, E., Kikulwe E., & Jarvis, D. I. (2017).
Yield perceptions, determinants and adoption impact of on
farm varietal mixtures for common bean and banana in
Uganda. Sustainability, 9(8), 1321. https://doi.org/10.3390/
su9081321

National Environment Management Authority (NEMA). (2012).
State of the environment report for Uganda. Kampala:
National Environment. Retrieved July 30, 2021, from https://
pdfs.semanticscholar.org

Nimusiima, A., Basalirwa, C. P. K, Majaliwa, J. G. M., Otim-Nape,
W., Okello570 Onen, J., Rubaire-Akiiki, C., Konde Lule J., &
Ogwal-Byenek, S. (2013). Nature and dynamics of 571
climate variability in the Uganda cattle corridor. African
Journal of Environmental Science and Technology, 7(8), 770-
782. https://doi.org/10.5897/AJEST2013.1435

Nord, A., Bekunda, M., McCormack, C., & Snapp, S. (2021). Barriers
to sustainable intensification: Overlooked disconnects
between agricultural extension and farmer practice in
maize-legume cropping systems in Tanzania. International
Journal of Agricultural Sustainability, 1-19. https://doi.org/
10.1080/14735903.2021.1961416

Norton, G. W., & Alwang, J. (2020). Changes in agricultural exten-
sion and implications for farmer adoption of new practices.
Applied Economic Perspectives and Policy, 42(1), 8-20.
https://doi.org/10.1002/aepp.13008

Nyberg, Y., Wetterlind, J., Jonsson, M., & Oborn, 1. (2021). Factors
affecting smallholder adoption of adaptation and coping
measures to deal with rainfall variability. International
Journal of Agricultural Sustainability, 19(2), 175-198. https://
doi.org/10.1080/14735903.2021.1895574

Odogwu, B. A., Nkalubo, S. T., Mukankusi, C., Paparu, P., Patrick,
R., Kelly, J., & Steadman, J. (2016). Prevalence and variability of
the common bean rust in Uganda. African Journal of
Agricultural Research, 11(49), 4990-4999. https://doi.org/10.
5897/AJAR2016.11600

Okonya, J. S., Syndikus, K., & Kroschel, J. (2013). Farmers’ percep-
tion of and coping strategies to climate change: Evidence from
six agro-ecological zones of Uganda. Journal of Agricultural
Science, 5(8), 252. https://doi.org/10.5539/jas.v5n8p252

Onzima, B., Katungi, E., & Bonabana-Wabbi, J. (2019). The effect
of climate change adaptation strategies on bean yield in
central and northern Uganda. African Journal of Agricultural
and Resource Economics Volume, 14(4), 279-291.

Oriangi, G. (2013). An assessment of climate variability and
change and its effects on millet yields in Paicho sub county,


https://doi.org/10.26765/DRJAFS.2018.4815
https://doi.org/10.26765/DRJAFS.2018.4815
https://doi.org/10.1080/14735903.2021.2002089
https://doi.org/10.1080/14735903.2021.2002089
https://doi.org/10.1016/j.ecolecon.2015.11.016
https://doi.org/10.1016/j.ecolecon.2015.11.016
https://doi.org/10.1016/j.ecolecon.2017.08.006
https://doi.org/10.1177/001316447003000308
https://doi.org/10.1177/001316447003000308
https://doi.org/10.1371/journal.pone.0225433
https://doi.org/10.1371/journal.pone.0225433
https://www.ajol.info/index.php/acsj/article/view/108510
https://www.ajol.info/index.php/acsj/article/view/108510
https://doi.org/10.1080/14735903.2018.1523828
https://doi.org/10.1080/14735903.2018.1523828
https://doi.org/10.1080/14735903.2020.1807301
https://doi.org/10.1016/j.heliyon.2020.e03867
https://doi.org/10.1016/j.heliyon.2020.e03867
http://dx.doi.org/10.4102/sajs.v108i3/4.470
http://dx.doi.org/10.4102/sajs.v108i3/4.470
http://www.ccafs.cgiar.org
http://www.ccafs.cgiar.org
https://doi.org/10.1016/j.crm.2018.08.004
https://doi.org/10.1016/j.crm.2018.08.004
https://doi.org/10.1016/j.sajb.2009.11.005
https://doi.org/10.3390/su9081321
https://doi.org/10.3390/su9081321
https://pdfs.semanticscholar.org
https://pdfs.semanticscholar.org
https://doi.org/10.5897/AJEST2013.1435
https://doi.org/10.1080/14735903.2021.1961416
https://doi.org/10.1080/14735903.2021.1961416
https://doi.org/10.1002/aepp.13008
https://doi.org/10.1080/14735903.2021.1895574
https://doi.org/10.1080/14735903.2021.1895574
https://doi.org/10.5897/AJAR2016.11600
https://doi.org/10.5897/AJAR2016.11600
https://doi.org/10.5539/jas.v5n8p252

INTERNATIONAL JOURNAL OF AGRICULTURAL SUSTAINABILITY ’ 981

Gulu District [MSc dissertation] Mak IR Repository. Makerere
University.

Osbahr, H., Dorward, P., Stern, R., & Cooper, S. (2011). Supporting
agricultural innovation in Uganda to respond to climate risk:
Linking climate change and variability with farmer percep-
tions. Experimental Agriculture, 47(2), 293-316. https://doi.
org/10.1017/50014479710000785

Panda, A. (2018). Transformational adaptation of agricultural
systems to climate change. Wiley Interdisciplinary Reviews:
Climate Change, 9(4), €520. https://doi.org/10.1002/wcc.520

Parker, L., Bourgoin, C,, Martinez-Valle, A., & Laderach, P. (2019).
Vulnerability of the agricultural sector to climate change: The
development of a pan-tropical climate risk vulnerability assess-
ment to inform sub-national decision making. PLoS One, 14(3),
€0213641. https://doi.org/10.1371/journal.pone.0213641

Ramaekers, L., Micheni, A, Mbogo, P., Vanderleyden, J., &
Maertens, M. (2013). Adoption of climbing beans in the
central highlands of Kenya: An empirical analysis of
farmers’ adoption decisions. African Journal of Agricultural
Research, 8(1), 1-19. https://doi.org/10.5897/AJAR12.1714

Rickards, L., & Howden, S. M. (2012). Transformational adap-
tation: Agriculture and climate change. Crop and Pasture
Science, 63(3), 240-250. https://doi.org/10.1071/CP11172

Roberts, D. P, & Mattoo, A. K. (2018). Sustainable agriculture—
enhancing environmental benefits, food nutritional quality
and building crop resilience to abiotic and biotic stresses.
Agriculture, 8(1), 8. https://doi.org/10.3390/agriculture8010008

Roudier, P., Sultan, B., Quirion, P., & Berg, A. (2011). The impact of
future climate change on west African crop yields: What does
the recent literature say? Global Environmental Change, 21(3),
1073-1083. https://doi.org/10.1016/j.gloenvcha.2011.04.007

Sinyolo, S., Mudhara, M., & Wale, E. (2017). The impact of social
grant dependency on smallholder maize producers’ market
participation in South Africa: Application of the double-
hurdle model. South African Journal of Economic and
Management Sciences, 20(1), 1-10. https://doi.org/10.4102/
sajems.v20i1.1474

Takim, F. O. (2012). Advantages of maize-cowpea intercropping
over sole cropping through competition indices. Journal of
Agriculture and Biodiversity Research, 1(4), 53-59.

Thornton, P. K., & Herrero, M. (2015). Adapting to climate change
in the mixed crop and livestock farming systems in sub-
Saharan Africa. Nature Climate Change, 5(9), 830-836.
https://doi.org/10.1038/nclimate2754

Tumwesigye, W., Wambi, W., Nagawa, G., & Daniel, N. (2019).
Climate smart agriculture for improving crop production
and biodiversity conservation: Opportunities and challenges
in the 21st century-a narrative review. Journal of Water
Resources and Ocean Science, 8(5), 56-62. https://doi.org/10.
11648/j.wros.20190805.11

Uddin, M. N., Bokelmann, W., & Entsminger, J. S. (2014). Factors
affecting farmers’ adaptation strategies to environmental
degradation and climate change effects: A farm level study
in Bangladesh. Climate, 2(4), 223-241. https://doi.org/10.
3390/cli2040223

Uganda Bureau of Statistics (2016). The National Population and
Housing Census 2014 - Main Report. Kampala. Retrieved
December 13, 2021, from https://www.ubos.org/wp
content/uploads/publications/
03_20182014_National_Census_Main_Report.pdf

Vo, H. H., Mizunoya, T., & Nguyen, C. D. (2021). Determinants of
farmers’ adaptation decisions to climate change in the
central coastal region of Vietnam. Asia-Pacific Journal of
Regional Science, 5(2), 327-349. Retrieved July 12, 2021,
from https://doi.org/10.1007/s41685-020-00181-5

Wichern, J., Descheemaeker, K., Giller, K. E., Ebanyat, P., Taulya,
G., & van Wijk, M. T. (2019). Vulnerability and adaptation
options to climate change for rural livelihoods-A country-
wide analysis for Uganda. Agricultural Systems, 176, 102663.
https://doi.org/10.1016/j.agsy.2019.102663

World Bank. (2010). World development report. Washington, DC.

World Bank. (2013). Policy brief: Opportunities and challenges for
climate-smart agriculture in Africa. Washington, DC: World
Bank. https://openknowledge.worldbank.org/handle/10986/
26079

Zizinga, A., Kangalawe, R. Y., Ainslie, A, Tenywa, M. M., Majaliwa,
J., Saronga, N. J., & Amoako, E. E. (2017). Analysis of farmer’s
choices for climate change adaptation practices in south-
western Uganda, 1980-2009. Climate, 5(4), 89. https://doi.
org/10.3390/cli5040089


https://doi.org/10.1017/S0014479710000785
https://doi.org/10.1017/S0014479710000785
https://doi.org/10.1002/wcc.520
https://doi.org/10.1371/journal.pone.0213641
https://doi.org/10.5897/AJAR12.1714
https://doi.org/10.1071/CP11172
https://doi.org/10.3390/agriculture8010008
https://doi.org/10.1016/j.gloenvcha.2011.04.007
https://doi.org/10.4102/sajems.v20i1.1474
https://doi.org/10.4102/sajems.v20i1.1474
https://doi.org/10.1038/nclimate2754
https://doi.org/10.11648/j.wros.20190805.11
https://doi.org/10.11648/j.wros.20190805.11
https://doi.org/10.3390/cli2040223
https://doi.org/10.3390/cli2040223
https://www.ubos.org/wp
https://doi.org/10.1007/s41685-020-00181-5
https://doi.org/10.1016/j.agsy.2019.102663
https://openknowledge.worldbank.org/handle/10986/26079
https://openknowledge.worldbank.org/handle/10986/26079
https://doi.org/10.3390/cli5040089
https://doi.org/10.3390/cli5040089

	Abstract
	Introduction
	Materials and methods
	Study area
	Sampling design and sample size
	Statistical analysis

	Results and discussions
	Adaptation strategies and crop production
	Comparing adaptation strategies and yield of major crops
	Adaptation intensity and effects on crop yield
	Effect of adaptation intensity on maize yield
	Adaptation intensity and effects on bean yield
	Adaptation intensity and effects on groundnut’s yield


	Conclusions
	Acknowledgements
	Disclosure statement
	Data availability statement
	Notes on contributors
	ORCID
	References


<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles false
  /AutoRotatePages /PageByPage
  /Binding /Left
  /CalGrayProfile ()
  /CalRGBProfile (Adobe RGB \0501998\051)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 524288
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments false
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo false
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings false
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Remove
  /UCRandBGInfo /Remove
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.90
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages false
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.90
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Average
  /MonoImageResolution 300
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects true
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /ENU ()
  >>
>> setdistillerparams
<<
  /HWResolution [600 600]
  /PageSize [595.245 841.846]
>> setpagedevice


