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Abstract: Agricultural intensification and expansion efforts aimed at feeding increasing populations
have led to soil degradation globally. Due to their suitability for resource-constrained farmers, and
potential positive impacts on agricultural land improvement, Soil and Water Conservation Practices
(SWCPs) are recommended as a solution to soil degradation in Sub Saharan Africa (SSA). However,
the adoption rates of SWCPs are low and farmers who adopt them do not adopt on time. There
is a lag between the time when farmers first learn about SWCPs and the time of adoption. This
study examines the factors influencing adoption lag for Soil and Water Conservation Practices among
smallholder farmers in the Sio-Malaba Malakisi River Basin border region of Kenya and Uganda. We
utilize data collected from 506 randomly selected households and use the duration analysis model to
analyze the data. Results show that the average adoption lag of SWCPs in the study area was about
10 years. Further, reduction in adoption lag is associated with household size, number of accessible
markets, access to credit, age of the household head, farm size owned, and tropical livestock units.
On the other hand, access to off-farm income and household location in Uganda are associated with
increased adoption lag of SWCPs. Participation in social groups, households being male-headed, and
education of the household head showed mixed effects on adoption lag, depending on the SWCP of
focus. Strengthening farmer social networks and access to credit and markets are recommended as
possible interventions to promote the timely adoption of SWCPs.

Keywords: soil and water conservation practices; adoption lag; soil loss; erosion; duration model

1. Introduction

The world population growth rate is higher than the growth rate of food production.
For Sub-Saharan Africa (SSA), the population is expected to more than double between
2019 and 2050 [1]. Efforts to increase food production to match the needs of the growing
population have been mainly through agricultural expansion and intensification, which
have increased soil degradation rates [2]. In SSA, 70% of farmland is already degraded [3],
which traps farmers in a cycle of land degradation effects.

Enormous quantities of soils are lost inconspicuously but leave devastating effects
on land quality and the environment; soil erosion may pass unseen in onetime rain yet
the associated soil loss ranges between 35 to 75 t/ha/year [4,5]. In the catchment of the
Lake Victoria basin, in the Eastern African Plateau of South-Eastern Uganda and Western
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Kenya, soil loss due to erosion in annual cropland use was estimated at 93-140 t/ha/year
in 2002 [6,7]. Some counties in Kenya have experienced floods and severe drought stress
with USD 11 billion lost to land degradation between 2001 and 2009 [8,9]. In Uganda, the
highest portion of land degradation is due to erosion, causing a reduction in crop yield
due to a lack of soil conservation [10-14].

Food production on limited land necessitates efficient use of the resources to ensure
sustainable productivity and food security for growing populations. SWCPs contribute to
the reversal and reduction of erosion and land and soil degradation rates and increase soil
and crop productivity [5]. There have been recommendations to adopt SWCPs in Africa to
ensure improved crop productivity and conservation of land resources [15]. Both Uganda
and Kenya have policies that address and streamline the dissemination of SWCPs: on the
part of Uganda, efforts to promote better land management practices including soils and
water conservation practices, are embedded in the National Agricultural Extension Strategy
and the National development plans II and III (NDPIII and NDPIII) [16]. Dissemination
efforts are supplemented by other agencies (environmental conservation programs, forestry
offices, Non-Governmental Organizations (NGOs), and farmer-based organizations. Kenya
has a National Agriculture Policy (2019) and the National Agricultural Soil Management
Policy (NASMP). These emphasize efforts to address the problems associated with declining
soil productivity. Kenya has extension agents spread throughout the counties in Kenya [17].
Despite these efforts and farmers’ exposure to different SWCPs, the adoption rates are
still low, especially in SSA [18,19]. In addition, even with exposure and awareness of
the SWCPs and their benefits among farmers, they still take long to adopt the practices.
Delayed adoption is costly both in terms of lost value of production and soil quality. To
control the decline in the quality of soils and improve agricultural land productivity in
developing countries, SWCPs need to be adopted on time and at a reasonable rate.

There is limited empirical evidence on determinants of adoption lag (time between
exposure to/awareness of a technology and its adoption) of SWCPs and its influencing
factors. Even though many studies have been conducted on adoption, adoption intensity;,
and the influencing factors for SWCPs adoption [19-29], little is known about the specific
extent to which farming households delay using the recommended SWCPs. Factors that
influence how long the farmers take between exposure to SWCPs and adoption are also
not clear.

Soil and Water Conservation Practices in East Africa

Over time from traditional society to now, farmers have been practicing different agri-
cultural technologies as means of improving or sustaining their productivity, enhancing
soil moisture, conserving rainwater, and controlling erosion. Both traditional and modern
knowledge about SWCPs has been transmitted across generations. Indigenous agricultural
knowledge can be roughly described as the knowledge that an indigenous (local) commu-
nity accumulates over generations living in a particular ecological setting [30,31]. New
and improved technologies were born from improvements of traditional ones [32]. Both
traditional and modern SWCPs are practiced in SSA. Traditional practices include compost,
mulching, trash lines, terraces, crop rotation, intercropping, minimum tillage, fallowing,
cover crops, alley cropping, and contour plowing. While modern/improved practices
include fanya-chini terraces, fanya juu terraces, trenches/diversion channels, grass trips,
agro-forestry, improved trash lines, and bench-terraces [25,33-35]. Adoption of SWCPs
depends on a number of factors including but not limited to physical, socioeconomic, and
institutional factors [36-39].

In this study, we determined the adoption lag (delay time to adopt) and factors
influencing the adoption lag of SWCPs being utilized by farmers in the Sio-Malaba Malakisi
River Basin (SMMRB) border region between Kenya and Uganda.
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2. Materials and Methods
2.1. The Study Area

This study was carried out in the Sio-Malaba Malakisi River Basin (SMMRB), located
at the border between Kenya (Eastern side of the border) and Uganda (Western side of
the border) (Figure 1). Kenya and Uganda were purposively selected because they are
major food producers for neighboring countries such as Somalia, South Sudan, and Congo.
The SMMRB has numerous natural resources for farming, which are being unsustainably
exploited and result in land and soil degradation. The major economic activity in SMMRB is
subsistence agriculture, which employs 85% of the population [40,41]. Busia and Bungoma
counties in Kenya were selected while in Uganda, the study covered Tororo, Namisindwa,
and Busia districts.

Location of research area in
Uganda & Kenya

b {Butaleja .
[Namutumba § A X
Tororo “~

Ul‘ a.n deap

~Kakaméga _ _iacamega

Landcover (2015)
[] Cropland, rainfed [_] Herbaceaous cover, flooded »  Sample points (n=506)
[] Cropland, irrigated [_] Tree or shrub cover
i Boundaries of the Sio-Malaba-Malakisi basin is highlighted in dark blue.
E Tree cover D Water bodies Adminstrative level displayed:
:I Shrubland - Built-up areas Uganda - Districts, Kenya - Counties.

Main data sources: Land cover 2015: ESA LC CCI, 2017, Administrative boundaries, Roads, Cities, Water bodies: naturalearthdata.com

Figure 1. Land cover and location of the study area in the border region of Kenya and Uganda
between Lake Victoria in the South and Mt. Elgon in the North. The distribution of sample points,
where farmers were interviewed, is shown as points [42]. Another map containing other parameters
than land use (e.g., geography, population density) can be found in [43].

2.2. Sampling and Data Collection

The study used a multi-stage purposive random sampling technique to select 506 house-
holds for the study in the SMMRB. A Ugandan district comprises smaller administrative
units namely county, sub-county, parish, and village, in order of their level of importance.
A Kenyan county on the other hand comprises the constituency, ward, and village. Only
sub-counties and constituencies near the border and within the SMMRB were purposively
selected. In Uganda, two sub-counties were randomly selected from each district, giving
a total of six sub-counties from the three districts. From each sub-county, two villages
were randomly selected to give a list of 12 villages considered in the study on the Uganda
side. In Kenya, two constituencies were randomly selected from each county, giving a
total of four constituencies of the two counties. From each constituency, two villages were
randomly selected to give a list of eight villages considered in the study for Kenya. A
sampling frame that had all the names of households living in the selected villages was
retrieved from the village chairpersons. The sampling frame was used to randomly select
253 households from each country, this made a total of 506 farming households interviewed.
A semi-structured questionnaire was used to interview farmers between May and June
2018 through face-to-face interviews. The data collected from farmers included socio-
economic characteristics, farm production systems, soil and water conservation practices
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and adoption behavior, household assets, access to training, extension, credit and markets,
and membership to groups, among others.

2.3. Analytical Methods

The duration analysis model (also known as survival analysis) is the most commonly
used model to determine the time (duration) elapsed until a certain event occurs [44,45].
This time is defined as adoption lag (AL) in adoption studies [46—49]. Ref [50] argues
that when studying the time difference between two mutually exclusive events (which
are adoption and non-adoption of SWCPs in this case), the time difference between the
two time points must be calculated. Therefore, to determine AL of a certain SWCP k, the
difference between the year when the practice k was adopted by the household # and the
year when it was made available/awareness to the household / was taken. In some cases,
farmers were aware of SWCPs but had not yet adopted them by the time this study was
conducted (2018). Therefore, their adoption time is unknown. However, it may take place
in the future. To know how far such farmers (non-adopters who are aware) have lagged,
the statistical procedure to determine AL was right-censored to establish the year of exit by
the time when the study was conducted [50,51]. Thus, to get adoption lag for such farmers
by 2018, the year of exit was replaced by the year when the survey was done (2018) to give
their adoption lag by 2018.

Following [44,45,50], the empirical model of adoption lag conditional on having full
knowledge about SWCPs is as follows:

(ALpiAi = 1) = Ty — Tpy, 1)

where by ALy; is the adoption lag for household / conditional on awareness of an SWCP
k on any plot i measured in years, Ty is the year when household h adopted an SWCP
k on any plot i (or 2018 for non-adopters who are aware), and Ty, is the year when the
household # became aware of SWCP k. Following [36,46,50,51], adoption lag (AL) was
determined and defined as the time in years between the year when a farmer learned about
a specific soil and water practice and the year when they adopted the practice or the year
of the survey (2018) for non-adopters. This means that non-adopters of SWCPs but who
are aware of practice were still lagging behind till the time of the survey (2018), although
there was a possibility that they may adopt the practice sooner or later in the future.
Duration analysis estimates, the effect of covariates on the duration/time elapsed until
a certain event occurs. According to [46], recent duration analyses used hazard functions to
estimate the probability of exiting the initial state (non-adoption). In cases where duration
data are available, such that the dependent variable is in the form of duration (such as
the number of years, weeks, or days), hazard functions have been the most suitable for
modeling such duration data. In such cases, Ordinary Least Squares cannot be used because
of its assumption of normality of the outcome variable [51]. Parametric, non-parametric,
and semi-parametric models have been widely used in cases when the event is associated
with influential factors [52,53]. Parametric models are the most preferred since they do
not lead to rejection of what happens to covariates at the time of adoption. Weibull and
exponential distribution are the most common [51]. Other functional forms that have been
used include Gompertz, logistic normal, and log logistic probability distribution [54]. In this
study, Weibull distribution was used. Therefore, the households’ decision to adopt SWCP
was modeled using lognormal hazard functions with Weibull distribution, by estimating
the probability of exiting the non-adoption state via maximum likelihood estimation. The
interpretation of the estimates is based on their signs that show the direction of effect
and their probabilities that indicate the significance of the estimate. The empirical model
according to [46] is as follows:
Log(AL) = yP+p @)

where AL is the adoption lag, -y is a parameter to be estimated, P is a vector of household
characteristics that influence AL, and y is the error term.
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Farm size was transformed into Inverse Hyperbolic Sine (IHS) form before being
put into the duration model. HIS is a variable transformation form that accounts for
variable skewness without a need to set zero values to 1 or another value needed to ensure
normal distribution [55]. Means and percentages were used to summarize socio-economic
variables. In addition, t-tests and Chi?2 tests were used to test the significance of differences
in socio-economic variables among male- and female-headed households.

3. Results and Discussion
3.1. Socio-Economic and Demographic Characteristics of the Respondents

Results in Table 1 show that the majority (80%) of the surveyed households were
male-headed. There were statistically significant differences in some socio-economic
characteristics between male and female-headed households in the study areas. Female-
headed households had more farming experience, household heads were older, and had a
higher dependency ratio than their male-headed counterparts. Male-headed households
were significantly more educated, accessed more markets, and had comparatively bigger
household sizes. An average household owned about 2 acres of land, while the average
household head had 6.8 years of formal education. On average, each household had about
six individuals, with a dependency ratio of 1.45 (Table 1). In addition, the awareness about
any organizations that run sustainable land management, soil and water conservation,
and natural resource was below average in the study area (33.8%). More so, participation
in natural resource management was below average with 24% of households reported
participation

Table 1. Socio-economic and demographic characteristics by gender.

Pooled (1 = 506) Female Headed (1 = 100) Male Headed (1 = 406)
Characteristic Mean (SD) Mean (SD) Mean (SD) T-Statistics/Chi2
Education level of household head 6.78 (3.89) 453 (3.88) 7.34 (3.68) 676w
(years)
Farming exPerie(I;ifsf)househ‘ﬂd head 35.54 (15.67) 42.05 (16.71) 33.94 (14.99) 474+
Farm size (acres) 2.07 (3.05) 1.67 (2.47) 2.17 (3.17) —1.46
Household size 6.19 (2.54) 5.38 (2.58) 6.38 (2.50) —3.58 ***
Age of household head 49.31 (15.15) 55.41 (15.71) 47.82 (14.64) 4.58 ***
Number of accessible markets 1.99 (1.06) 1.8 (0.99) 2.03 (1.07) —1.98 **
Tropical Livestock Units (TLU) 1.72 (2.71) 1.56 (1.88) 1.75 (2.87) —-0.6
Dependency ratio 1.45 (1.03) 1.62 (1.20) 1.41 (0.99) 1.78*
Number of plots operated 5.77 (3.06) 5.34 (2.81) 5.88 (3.12) —1.58
Number of parcels operated 1.72 (0.94) 1.6 (0.79) 1.75 (0.97) —1.47
Male-headed household (0/1) 0.80 (0.40) -(-) -(-) -
Pa;f;ila’;ﬁ‘;:t‘ S:Efr?; ;e(;‘)/‘gce 0.24 (0.42) 0.18 (0.39) 0.25 (0.43) 145
Participation in extension services (0/1) 0.13 (0.33) 0.09 (0.29) 0.14 (0.34) —1.24
Participating in social groups (0/1) 0.48 (0.50) 0.44 (0.50) 0.49 (0.50) —0.90
Access to off-farm income (0/1) 0.72 (0.45) 0.67 (0.47) 0.73 (0.45) —-1.12
Households with access to credit (0/1) 0.32(0.47) 0.32 (0.47) 0.32 (0.47) 0.09
Household owning livestock (0/1) 0.89 (0.31) 0.91 (0.29) 0.89 (0.31) 0.27
Awareness on land management/SWCP 0.33.8 (0.21) 0.31(0.5) 0.35 (0.24) 067

providers (0/1)

Figures in parentheses are standard deviations. ***, **, * represents significance at 1%, 5%, and 10% level, respectively.
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Farmers reported about 17 SWPCs that are being used in the SMMRB. Table 2 presents
the SWCPs found in Kenya and Uganda. In addition, Figure 2 shows the number of farmers

who adopted combinations of SWCPs (0 and 17) and their frequency.

Table 2. Soil and water conservation practices adopted in the study area.

Number and Percentage of Adopters

Reported SWCPs
Overall (n = 506) Kenya (n = 253) Uganda (n = 253)
Trenches/Diversion channels 304 (60.08) 168 (66.40) 136 (53.75)
Trash lines 183 (36.17) 114 (45.06) 69 (27.27)
Contour ploughing 163 (32.21) 110 (43.48) 53 (20.95)
Mulching 245 (48.42) 137 (54.15) 108 (42.69)
Fallow 233 (46.05) 121 (47.63) 112 (44.27)
Fanya chini 73 (14.43) 54 (21.34) 19 (7.5)
Minimum tillage 63 (12.45) 32 (12.64) 31 (12.25)
Intercropping 456 (90.12) 216 (85.37) 240 (94.86)
Hedges 63 (12.45) 42 (16.60) 21 (8.300)
Grass strips 189 (37.35) 123 (48.62) 66 (26.08)
Fanya juu 75 (14.82) 59 (23.32) 16 (6.23)
Fresh and decomposed manure 330 (65.22) 187 (73.91) 143 (56.52)
Alley cropping 26 (5.14) 16 (6.32) 10 (3.95)
Agro-forestry 180 (35.57) 100 (39.52) 80 (31.62)
Cover crops 285 (56.32) 146 (57.70) 139 (54.94)
Crop Rotation 420 (83.00) 208 (82.21) 212 (83.79)
Stones/soil bands 72 (14.23) 47 (18.58) 25 (9.88)

Note: The figures in parentheses are percentages while those outside parentheses are frequencies. Detailed
descriptions of the SWCPs can be found in the literature [20,56-60].

Number of adopted SWCPs and number of

farmers who adopted n SWCPs

Al

0123456 7 8 91011121314151617
Number of SWCPs adopted (nNSWCPs)

~
o

D
o

Ul
o

N
o

N
o

[y
o

Number of farmers and their frequency
w
o

B Sum of Number of farmers

H Sum of Frequency

Figure 2. Number of SWCPs combinations adopted by farmers and farmer frequency:.
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3.2. Adoption Lag and Its Determinants
3.2.1. Adoption Lag of Soil and Water Conservation Practices

Results in Table 3 show adoption lags (AL) of the SWPCs present in the study area.
The average household level adoption lag was estimated by averaging adoption lags for all
SWCPs adopted by a given household, to estimate how long on average, a household waits
to adopt any SWCP after becoming aware of it. The results show that the average adoption
lag was 9.3 years. This means that an average household in SMMRB waits for about
10 years to adopt any of the 17 SWCPs. The earliest adopted SWCP was intercropping
(AL = 4 years), while the tardiest adopted SWCP was stone/soil bands (AL = 15 years).

Table 3. Adoption lag (in years) of soil and water conservation practices in SMMRB.

Soil and Water Conservation Practices

(Pooled Sample 1 = 506) Mean Adoption Lag in Years  Standard Error

Fanya Chini (n = 193) 12.35 0.93
Minimum tillage (n = 267) 9.09 0.65
Trenches/Diversion channels (n = 445) 9.76 0.57
Contour plowing (n = 311) 12.09 0.74
Trash lines (n = 315) 9.97 0.68

Fallow (n = 445) 12.08 0.58

Alley cropping (n = 96) 11.32 1.1

Crop Rotation (1 = 448) 4.35 0.34
Hedges (n = 174) 13.21 1.01
Intercropping (1 = 469) 3.95 0.32

Grass strips (n = 319) 10.92 0.65

Fanya juu (n = 197) 12.55 0.96
Agro-forestry (n = 312) 8.91 0.56
Stones/soil bands (n = 227) 14.16 0.89
Mulching (n = 392) 10.28 0.65

Cover crops (n = 336) 5.34 0.42

Use of fresh an((;l1 (iezgél;posed manure 877 051
Household lag (average lag) (n = 506) 9.32 0.30

3.2.2. Factors Influencing Adoption Lag of Soil and Water Conservation Practices

Results from the duration analysis models used to estimate determinants of adoption
lag for individual SWCPs under study are presented in Tables 4 and 5. Interpretation of
the results is done simultaneously for both tables. All the models run to determine factors
influencing the adoption lag of each of the 17 SWCPs were significant at a 1% level of
significance. To interpret the results in Tables 4 and 5, the coefficient is multiplied by 100 to
obtain the semi-elasticity of the covariate. The sign of the coefficient shows the direction
of the effect of the covariate on the adoption lag of SWCPs while the corresponding
probability shows the significance level. A positive coefficient means a longer waiting time
to adopt SWCPs and a negative sign means a shorter waiting time to adopt SWCPs. In
addition, a negative coefficient means higher chances/probability of adopting SWCPs early
(discontinuing waiting time) while a positive coefficient means lower chances/probability
of adopting SWCPs early.
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Table 4. Factors influencing adoption lag of individual SWCPs.
. Trenches/Diversion . Contour Grass Fanya Fanya  Minimum
Mulching Channels Trash-Lines Fallow Ploughing Strips Chini Juu Tillage
Indep.endent b/se b/se b/se b/se b/se b/se b/se b/se b/se
Variable
~0.633
Male-headed " 0.239 —0572%  —0.524% o 0.022
households (1 = Male) 0222 (0:202) 0.475(0.235) 0.273(0229) (0.165) 0.023 (0209) (0.270) 0248) ooy (0239
) —0.031 —0.050 —0.020 —0.058 —0.033 —0.020  —0.016
Household size (0.031) —0.040 (0.031) (0.035) (0.027) 0.008 (0.036) (0.038) (0.035) (0.037) (0.032)
Education level of 0.053
e N A S A O 1 A %
(years) : : : : ’ ’ (0.029) ’
Number of accessible —0.080 0201 ¢ (0.078) —0.089 —0.164 —0.084 0276 —o141* U0 _gom
markets (0.064) i . (0.075) (0.053) (0.079) (0.084) (0.077) oorg)  ©057)
Access to credit —0.180 —0.302 * —0.212 —0.035 —0.039 —0.141  —0.284
(1 = Yes) 0.028 (0.152) —0.245 (0.158) (0.167) (0.125) (0.138) (0.198) 0169)  (0.200)  **(0.142)
Age of household —0.046 *** 0039 ** 0.009) _0057%% 0067 —0.040%* 0076  —0035% 003 o016
head (0.008) : . (0.008) (0.007) (0.010) (0.011) (0.008) 000y T0006)
) —0.187 ** —0.018 —0219* —0.219 % —0.046 0.006 —0.046 —0.338 %
Farm size(IHS-acres) (0.095) —0.3227 (0.114) (0.148) (0.113) (0.098) (0.134) 0155  (0.155)  (0.108)
Access to extension —0.047 0198 (0.192) —0.105 0.198 —0.209 0.050 0.268 0.076 0.057
services (1 = Yes) (0.264) : : (0.239) 0.177) (0.210) (0.251) (0.206) 0268)  (0.202)
Group participation —0.052 0.129 —0.149 0.034 0.017 0.156
(1 = Yes) 0.125 (0.155) 0.013 (0.162) 0.177) ©.140) 00640144 q0a 0209  (0.193)  (0.151)
) 0.352
Household being —0.144 0.037 —0.015 0.336 0.224
from Uganda (1 = Yes) ~ 0-164(0-163) 0.433** (0.180) (0.150) ©141) 01O 180 0213) g ;08) (0.138)
—0.036 —0.003 —0.003 —0.081 ** —0.016 —0.020  —0.016
TLU (0.026) 0.011 (0.027) (0.034) ©o20) 002200025 o35 ©011)  (0.018)  (0.019)
Access to off-farm 0.587 ** 0,188 (0.243) —0.099 0.231 —0.022 —0.283 0.192 0.124 —0.288
income (1 = Yes) (0.255) : : (0.205) (0.166) (0.208) (0.206) (0.236) 0225)  (0.195)
—2.777
—2.927 *** ) —3.089 % _3270%  —42]7% ~1.065 —3.147 ** " —1.739 ***
Constant (0.580) —3.900" (0.693) (0.723) (0.582) (0.732) (0.720) (0.791) (0}15) (0.434)
In » Constant 0.533 *** 0,621 *** (0.084) 0.687 *** 0.790 *** 0.694 *** 0.691 *** 0553+ 0498 g1 5
_p Lonsta (0.077) - : (0.079) (0.069) (0.084) (0.096) (0.093) (0.088) (0.049)
Log-likelihood —D17.7 %%+ —204.2 ** 1589 _2354%  _1674%  _1768*%  —1341% L7 3p0gum
n 283 322 245 360 248 253 143 146 233

Figures in parentheses are standard errors. ***, **, * represents significance at 1%, 5%, and 10% level, respectively.

The results in Tables 4 and 5 indicate that household size, number of accessible
markets, access to credit, age of the household head, farm size, and Tropical Livestock
Units (TLU) were generally associated with a reduction in the adoption lag of SWCPs. On
the other hand, access to off-farm income and the household being located in Uganda were
associated with an increase in the adoption lag of SWCPs. Participation in social groups,
household being male-headed, and years of formal education of the household head had
mixed effects on adoption lag of different SWCPs.

The coefficient on gender is negative and significant for most SWCPs (Tables 4 and 5),
which indicates that when a household is male-headed, the adoption lag is likely to reduce.
This is true for Grass strips, fanya chini, fanya juu (p < 0.05), and alley cropping (p < 0.1)
with —0.572, —0.524, —0.633, and —0.535 coefficients for Grass strips, fanya juu, fanya
chini, and alley cropping, respectively. These results mean that holding other factors fixed,
the probability of adopting those practices early is higher by 57%, 52%, 63% and 54%,
respectively when the household head is male compared to when it is a female-headed

household.
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Table 5. Factors influencing adoption lag of individual SWCPs.

Hedges Alley- Agro- Cover-Cro Stones/Soil Inter- Fresh Ma- Crop
8 Cropping Forestry P Bands Cropping nure/Decomposed Rotation
b/se b/se b/se b/se b/se b/se b/se b/se
Independent
variable
Male-headed _0.535* —0.135
households 0.096 (0.213) . 0.300 (0.291) —0.417 (0.325) 0.108 (0.207) ) 0.316 (0.213) 0.313 (0.744)
(1 = Yes) (0.289) (0.237)
. —0.056 —0.055 —0.057 * —0.047 —0.101
Household size (0.041) —0.010 (0.068) (0.042) —0.025 (0.067) (0.029) (0.030) —0.123 *** (0.043) (0.108)
Education level of
—0.012 0.038 * —0.056
household head 0.027) 0.006 (0.031) (0.022) —0.058 (0.046) 0.030 (0.023) 0.021 (0.028) 0.019 (0.025) (0.054)
(years)
Number of —0.097 —0.056 —0.448 ***
accessible markets (0.076) 0.099 (0.094) 0.067 (0.077) 0.004 (0.150) —0.110 (0.069) (0.073) —0.407 *** (0.106) (0.170)
Access to credit —0.146 —0.080 —0.246
(1= Yes) (0.178) —0.309 (0.221) (0.182) 0.235 (0.389) —0.146 (0.148) (0.204) 0.204 (0.206) 0.336 (0.618)
Age of household —0.058 *** —0.050 *** —0.056 *** —0.056 *** —0.049 *** —0.030 *** 0,066 *** (0.010) —0.054 ***
head (0.008) (0.015) (0.008) (0.013) (0.008) (0.007) : ’ (0.015)
Farm —0.055 —0.032 —0.228
size(THS-acres) 0.112 (0.128) 0.100 (0.177) (0.115) —0.129 (0.229) 0.095 (0.110) (0.151) —0.491 *** (0.187) (0.397)
Access to extension —0.289
services (1 = Yes) 0.404 (0.266) —0.280 (0.350) 0.217 (0.279) —0.302 (0.482) 0.163 (0.185) (0.301) 0.263 (0.506) 0.987 (0.689)
Group
o E —0.198 —0.368 ** —0.354*
participation 0.384 * (0.217) 0.081 (0.343) —0.027 (0.164) —0.341 * (0.203) 0.447 (0.640)
(1 = Yes) (0.193) (0.186) (0.210)
Household being —0.150 0224
from Uganda 0 2'05 —0.364 (0.243) 0 182 —0.438 (0.309) 0.021 (0.167) 0.017 (0.203) 0.345 (0.230) 0.762 (0.541)
(1 = Yes) (0.205) (0.182)
—0.068 —0.022 —0.092
TLU (0.048) 0.024 (0.063) 0.012 (0.037) —0.006 (0.072) —0.018 (0.025) (0.031) —0.056 (0.049) (0.092)
Access to off-farm —0.250 —0.126 —0.481
income(1 = Yes) (0.214) 0.079 (0.296) (0.202) 0.571 (0.404) 0.242 (0.185) 0.314 (0.224) 0.128 (0.232) 0.791)
Constant —1.743 *** —2.486 *** —3.001 *** —4.328 *** —3.092 *** —1.030* —2.688 *** —3.657 **
(0.649) (0.943) (0.607) (1.151) (0.675) (0.549) (0.754) (1.839)
In_p Constant 0.618 *** 0.588 *** 0.683 *** 0.919 *** 0.621 *** 0.175 *** 0.822 *** 0.808 ***
Log-likelihood —126.8 *** —76.4 ** —170.3 *** —65.1 *** —174.0 *** —260.5 *** —139.5 *** —56.3 **
n 147 82 237 200 197 230 311 235

Note: Figures in parentheses are standard errors. ***, **, * are significance levels at 1%, 5%, and 10%, respectively.

The results are comparable to those of [60-63] who argue that male-headed house-
holds are more likely to adopt agricultural technologies than female-headed households.
Contrary to this, the authors of [24] found a higher likelihood of adoption of conservation
technologies in female-headed households compared to male-headed households. The
above results, therefore, suggest that male-headed households are not only more likely to
adopt these SWCPs, but they are also likely to adopt them comparatively early as well.

Results (Tables 4 and 5) indicate that number of accessible markets to the household is
significantly associated with reduced waiting time to adopt trenches/diversion channels
(p < 0.01), fallow (p < 0.01), grass strips (p < 0.01), fanya chini (p < 0.05), fanya juu (p < 0.05),
fresh/decomposed manure (p < 0.01), and crop rotation (p < 0.01) by 29%, 16%, 28%, 14%,
18%, 41%, and 45%, respectively. That is, it is associated with an increase in the probability
of adopting those practices early holding other factors fixed. The number of accessible
markets may be an incentive to invest in land management because of an assured outlet
for the sale of crop produce. The authors of [64] argue that markets are very important
because farmers only derive full benefit from investing in improved technologies if prices
are high enough to warrant the investment. The results thus imply that a reasonable
number of accessible markets can motivate farmers to control land degradation through
timely adoption of SWCPs to increase in crop yield because of the expectation of better
prices in different accessible markets.
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The results in Table 4 further indicate that access to credit is significantly associated
with reduced adoption lag for fallowing (p < 0.5) and minimum tillage (p < 0.5). This
result suggests that access to credit increases the chance of early adoption of fallowing and
minimum tillage by 30% and 28%, respectively, holding other factors constant. Credit may
be used to invest in the adoption of technologies by facilitating the purchase or hiring of
required resources. The authors of [65] also argue that access to credit enhances agricultural
production and the adoption of agricultural technologies. Another possible explanation
could be because credit may be used to buy food or to compensate for what would have
been harvested from the land under the fallow. Similarly, credit can be used to hire more
land from outside to grow different crops for household food security.

The results in Tables 4 and 5 indicate negative and significant (1% to 10%) coefficients
on Inverse Hyperbolic Sine (HIS) transformed acres of total farm size by the household for
mulching (—0.187), trenches (—0.322), fallow (—0.219) contour plowing (—0.219), minimum
tillage (—0.338), and use of fresh/decomposed manure (—0.491). This means that a unit
increase in the HIS transformed acres of farm size owned by the household is associated
with reduced adoption lag of some SWCDPs. That is, it increases the probability of early
adoption of mulching, trenches, fallow contour plowing, minimum tillage, and use of
fresh/decomposed manure by 19%, 32%, 22%, 22%, 34%, and 49%, respectively when other
factors are held constant. Land ownership has been considered as a sign of stock of capital
and a measure of wealth [66]. Thus, the more the land owned by the household, the easier
it is to invest in various SWCPs early. In addition, farmers with large acreages can afford
to leave part of their land under fallow since there is enough land to grow crops every
season. Also, farmers with large acreages can easily adopt minimum tillage early because
they can grow monocrops or limited intercrops on their larger land available. Similarly;,
for practices such as mulching and fresh manure, farmers with larger land are likely to
produce the raw materials used from their own land, and thus the likelihood of adopting
those practices earlier than those with smaller land. These results are consistent with
those in Ref. [52] which found that land operation speeds up the probability of adopting
agricultural technology. The authors [67] also found that large-scale farmers adopted
agricultural inputs rapidly than small-scale farmers in Kenya. This implies that farmers
who own large farm sizes are more likely to adopt SWCPs earlier than those without or
with small farm size.

Table 5 indicates negative and statistically significant (5% to 10%) coefficients on
group participation for agro-forestry (—0.384), intercropping (—0.354), and use of decom-
posed/fresh manure (—0.341). This means that farmer group participation reduces the
adoption lag of agro-forestry, intercropping, and use of manure by 37%, 35%, and 34%,
respectively. In other words, the farmer group participation is associated with the increased
probability of adopting these SWCPs early, when other factors are held constant. The re-
sults are similar to those of Ref. [52], which found that farmer group participation reduces
the adoption lag of agricultural technologies. In addition, participation in social groups
does not only help farmers to socialize and access information, but it also helps to reduce
weather risks and improve farm productivity [52,68]. Farmers in groups can also learn
from demonstration plots that are common as a learning tool in farmer groups. Thus,
farmer groups help in the transfer of information about agricultural technologies for yield
improvement or land management, stimulating early adoption of SWCPs.

However, this study finds a positive (0.384) and significant (10%) coefficient on farmer
group participation for alley cropping. This means that group participation increases the
adoption lag of alley cropping by 38% ceteris paribus. In other words, it is associated with
a reduced probability of adopting alley cropping early, holding other factors constant. It
is thus evident that the effect of farmer group participation on adoption lag differs by
technology or it depends on the main purpose of the groups because some groups may not
be focusing on land conservation.
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4. Conclusions

This study estimated adoption lag for soil and water conservation practices and
highlighted factors influencing this delay in smallholder farmers of Sio-Malaba Malakisi
River Basin of Kenya and Uganda. Cross-sectional data collected from 506 farmers in
2018 were used. Duration analysis with hazard model was used to determine factors
influencing adoption lag for 17 soil and water conservation practices found in the study
area. The average adoption lag was 9.3 years in the study area. Econometric results from
the duration analysis model indicated that a unit increase in household size, number of
accessible markets, access to credit, age of the household head, farm size, and tropical
livestock units were generally associated with reduced adoption lag of SWCPs. On the
other hand, access to off-farm income and the household being located in Uganda are
associated with an increase in the adoption lag of SWCPs. Participation in social groups,
the household being male-headed and years of education of the household head had
mixed effects on adoption lag of different SWCPs. In conclusion, the study highlights the
importance of having improved access to services such as markets and credit; ownership of
resources such as bigger farm sizes and livestock (as indicated by Tropical Livestock Units);
participation in social groups; and education of household heads for reducing adoption lag
of SWCPs. Strengthening sustainable farmer social networks, access to credit and markets
are recommended as part of interventions to promote timely adoption of soil and water
conservation practices, as foreseen by national regulations and required for sustainable
socioeconomic growth in East Africa [69,70]. In addition, further studies on the adoption
lag of SWCPs should assess what happens to lags and their factors if combinations of
SWCPs are adopted. Also, they should assess lags since the last SWCP is adopted.

Author Contributions: Conceptualization, ].K., A.T., J.L. and H.N.; methodology, H.N., A.T. and
J.L.; software, H.N., A.T.; validation, A.T., J.L., H.N. and J.K,; formal analysis, H.N., A.T., M.H.;
investigation, J.K.; resources, ].K,, J.L.; data curation, H.N.; writing—original draft preparation, H.N.;
writing—review and editing, A.T., J.L.; H.N., ].K., M.H. visualization, H.N., M.H.; supervision, A.T.,
J.L.; project administration, ] K.; funding acquisition, ] K., A.T., ].L. All authors have read and agreed
to the published version of the manuscript.

Funding: The data collection for this article was made possible through funding received for the
project “Capacity building on the water-energy-food security Nexus through research and training
in Kenya and Uganda” (CapNex) from the Austrian Partnership Programme in Higher Education
and Research for Development (APPEAR) of the Austrian Development Cooperation (ADC). The
authors further acknowledge TU Wien Bibliothek for financial support through its Open Access
Funding Programme.

Institutional Review Board Statement: Not applicable.
Informed Consent Statement: Not applicable.
Data Availability Statement: The data is available upon request.

Conflicts of Interest: Authors declare no conflict of interest.

References

1. World Population Prospects 2019; The United Nations: San Francisco, CA, USA, 2019.

2. Tully, K; Sullivan, C.; Weil, R.; Sanchez, P. The State of soil degradation in sub-Saharan Africa: Baselines, trajectories, and
solutions. Sustainability 2015, 7, 6523-6552. [CrossRef]

3. Vlek, P; Bao Le, Q.; Tamene, L. Land decline in Land-Rich Africa A creeping disaster in the making. Consult. Gr. Int. Agric. Res.
2008, 1, 1-63.

4.  Tamene, L.; Le, Q.B. Estimating soil erosion in sub-Saharan Africa based on landscape similarity mapping and using the revised
universal soil loss equation (RUSLE). Nutr. Cycl. Agroecosyst. 2015, 102, 17-31. [CrossRef]

5. Nearing, M.A ; Xie, Y.; Liu, B.; Ye, Y. Natural and anthropogenic rates of soil erosion. Int. Soil Water Conserv. Res. 2017, 5, 77-84.
[CrossRef]

6.  Stoorvogel, J.J.; Smaling, E.M.; Janssen, B.H. Calculating soil nutrient balances in Africa at different scales. Fertil. Res. 1993, 35,
227-235. [CrossRef]


http://doi.org/10.3390/su7066523
http://doi.org/10.1007/s10705-015-9674-9
http://doi.org/10.1016/j.iswcr.2017.04.001
http://doi.org/10.1007/BF00750641

Agronomy 2021, 11, 1985 12 of 14

10.
11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

Lufafa, A.; Tenywa, M.M.; Isabirye, M.; Majaliwa, M.].G.; Woomer, P.L. Prediction of soil erosion in a Lake Victoria basin
catchment using a GIS-based Universal Soil Loss model. Agric. Syst. 2003, 76, 883-894. [CrossRef]

Harding, B.; Devisscher, T. A Review of the Economic Impacts of Climate Change in Kenya Rwanda and Burundi. Chapter Ecosyst.
Rwanda Final. Draft. 2009, 66-75. Available online: https:/ /www.weadapt.org/sites/weadapt.org/files/legacy-new/knowledge-
base/files/4e25767eldac3DFIDRegional_Ecosystems_Final.pdf (accessed on 29 August 2021).

Kirui, O.; Mrzabaev, A. Costs of land degradation in Eastern Africa. In Proceedings of the 5th International Conference
African Association of Agricultural Economists, Addis Ababa, Ethiop, 23-26 September 2016; p. 30. Available online: https:
/ /ideas.repec.org/p/ags/iaael5/212007 html (accessed on 6 July 2019).

Tukahirwa, J.M. Soil Resources in the Highlands of Uganda. Prospects and Sensitivities. Mt. Res. Dev. 1988, 8, 165-172. [CrossRef]
Olson, J.; Berry, L. Land Degradation in Uganda: Its Extent and Impact. 2003. Available online: https://rmportal.net/library/
content/frame/land-degradation-case-studies-05-uganda/at_download/file (accessed on 29 August 2021).

Mugagga, F.; Kakembo, V.; Buyinza, M. Land use changes on the slopes of Mount Elgon and the implications for the occurrence
of landslides. Catena 2012, 90, 39-46. [CrossRef]

Karamage, F.; Zhang, C.; Liu, T.; Maganda, A.; Isabwe, A. Soil erosion risk assessment in Uganda. Forests 2017, 8, 52. [CrossRef]
Mubiru, D.N.; Namakula, J.; Lwasa, J.; Otim, G.A.; Kashagama, J.; Nakafeero, M.; Nanyeenya, W.; Coyne, M.S. Conservation
Farming and Changing Climate: More Beneficial than Conventional Methods for Degraded Ugandan Soils. Sustainability 2017, 9,
1084. [CrossRef]

Mango, N.; Makate, C.; Tamene, L.; Mponela, P.; Ndengu, G. International Soil and Water Conservation Research Awareness and
adoption of land, soil and water conservation practices in the Chinyanja Triangle, Southern Africa. Int. Soil Water Conserv. Res.
2017, 5, 122-129. [CrossRef]

Ministry of Agriculture, Animal Industry and Fisheries (MAAIF) 2016. National Agricultural Extension Strategy (2016/17-
2020/21): Knowledge Driven Agricultural Revolution. National-Agricultural-Extension-Strategy-(NAES).pdf (agriculture.go.ug).
Available online: https:/ /www.g-fras.org/en/countries.html?download=546:national-agricultural-extension-policy-of-uganda
(accessed on 21 July 2021).

Ministry of Agriculture, Livestock, Fisheries and Cooperatives. 2020. National Agricultural Soil Management Policy. Draft-
National-Agricultural-Soil-Management-Policy-NASMP-September-2020.pdf (kilimo.go.ke). Available online: https://kilimo.
go.ke/wp-content/uploads/2021/01/Draft-National- Agricultural-Soil-Management-Policy-NASMP-September-2020.pdf (ac-
cessed on 21 July 2021).

Masuki, KFEG.; Mutabazi, K.D.; Mattee, A.Z.; Tumbo, S.D.; Rwehumbiza, F.B. Determinants of Intensity of Adoption of
Water Systems Innovations in Makanya Watershed, North-eastern, Tanzania. Int. ]. Environ. Eng. Nat. Resour. 2014, 1,
227-234. Available online: https:/ /www.worldagroforestry.org/publication/determinants-intensity-adoption-water-systems-
innovations-makanya-watershed (accessed on 1 September 2017).

Mugonola, B.; Vranken, L.; Maertens, M.; Deckers, J.; Taylor, D.B.; Bonabana-Wabbi, J.; Mathijs, E. Soil and water conservation
technologies and technical efficiency in banana production in upper Rwizi micro-catchment, Uganda. Afr. . Agric. Resour. Econ.
2013, 8, 13-28.

Ellis-Jones, J.; Tengberg, A. The impact of indigenous soil and water conservation practices on soil productivity: Examples from
Kenya, Tanzania and Uganda. Land Degrad. Dev. 2000, 11, 19-36. [CrossRef]

Melesse, B. A Review on Factors Affecting Adoption of Agricultural New Technologies in Ethiopia. ]. Agric. Sci. Food Res. 2018, 9,
1-4.

Bett, C. Farm Level Adoption Decision of Soil and Water Management Technologies in Semi-Arid Eastern Kenya; FAO: Rome, Italy, 2004;
pp- 1-30.

Anley, Y.; Bogale, A.; Haile-Gabriel, A. Adoption Decision and use Intensity of Soil and Water Conservation Measures By
Smallholder Subsistence Farmers in Dedo District, Western Ethiopia. Land Degrad. Dev. 2007, 18, 289-302. [CrossRef]

Olarinde, L.O.; Oduol, J.B.; Binam, J.N.; Diagne, A.; Njuki, J.; Adekunle, A.A. Impact of the Adoption of Soil and Water
Conservation Practices on Crop Production: Baseline Evidence of the Sub Saharan Africa Challenge Programme. Middle East |.
Sci. Res. 2011, 9, 28-40. Available online: https://www.idosi.org/mejsr/mejsr9(1)11/5.pdf (accessed on 13 June 2017).
Turinawe, A.; Drake, L.; Mugisha, ]. Adoption intensity of soil and water conservation technologies: A case of South Western
Uganda. Environ. Dev. Sustain. 2015, 17, 711-730. [CrossRef]

Mwangi, M.; Kariuki, S. Factors Determining Adoption of New Agricultural Technology by Smallholder Farmers in Developing
Countries. J. Econ. Sustain. Dev. 2015, 6. Available online: www.iiste.org (accessed on 20 December 2018).

Turinawe, A.; Mugisha, J.; Drake, L. Soil and water conservation agriculture in subsistence systems: Determinants of adoption in
southwestern Uganda. J. Soil Water Conserv. 2015, 70, 133-142. [CrossRef]

Nwachukwu, J.U. Technology Adoption and Agricultural Development in Sub-Saharan Africa (SSA): A Nigerian Case Study:.
Cult. Relig. Stud. 2017, 5, 371-385. [CrossRef]

Udimal, T.B.; Jincai, Z.; Mensah, O.S.; Caesar, A.E. Factors Influencing the Agricultural Technology Adoption: The Case of
Improved Rice Varieties (Nerica) in the Northern Region, Ghana. J. Econ. Sustain. Dev. 2017, 8, 137-148. Available online:
www.iiste.org (accessed on 20 December 2018).

Tella, R.D. Towards promotion and dissemination of indigenous knowledge: A case of NIRD. Int. Inf. Libr. Rev. 2007, 39, 185-193.
[CrossRef]


http://doi.org/10.1016/S0308-521X(02)00012-4
https://www.weadapt.org/sites/weadapt.org/files/legacy-new/knowledge-base/files/4e25767e1dac3DFIDRegional_Ecosystems_Final.pdf
https://www.weadapt.org/sites/weadapt.org/files/legacy-new/knowledge-base/files/4e25767e1dac3DFIDRegional_Ecosystems_Final.pdf
https://ideas.repec.org/p/ags/iaae15/212007.html
https://ideas.repec.org/p/ags/iaae15/212007.html
http://doi.org/10.2307/3673444
https://rmportal.net/library/content/frame/land-degradation-case-studies-05-uganda/at_download/file
https://rmportal.net/library/content/frame/land-degradation-case-studies-05-uganda/at_download/file
http://doi.org/10.1016/j.catena.2011.11.004
http://doi.org/10.3390/f8020052
http://doi.org/10.3390/su9071084
http://doi.org/10.1016/j.iswcr.2017.04.003
https://www.g-fras.org/en/countries.html?download=546:national-agricultural-extension-policy-of-uganda
https://kilimo.go.ke/wp-content/uploads/2021/01/Draft-National-Agricultural-Soil-Management-Policy-NASMP-September-2020.pdf
https://kilimo.go.ke/wp-content/uploads/2021/01/Draft-National-Agricultural-Soil-Management-Policy-NASMP-September-2020.pdf
https://www.worldagroforestry.org/publication/determinants-intensity-adoption-water-systems-innovations-makanya-watershed
https://www.worldagroforestry.org/publication/determinants-intensity-adoption-water-systems-innovations-makanya-watershed
http://doi.org/10.1002/(SICI)1099-145X(200001/02)11:1&lt;19::AID-LDR357&gt;3.0.CO;2-2
http://doi.org/10.1002/ldr.775
https://www.idosi.org/mejsr/mejsr9(1)11/5.pdf
http://doi.org/10.1007/s10668-014-9570-5
www.iiste.org
http://doi.org/10.2489/jswc.70.2.133
http://doi.org/10.17265/2328-2177/2017.06.005
www.iiste.org
http://doi.org/10.1080/10572317.2007.10762748

Agronomy 2021, 11, 1985 13 of 14

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44.
45.
46.
47.
48.
49.
50.
51.
52.
53.
54.
55.
56.

57.
58.

Kumar, D. New Agro Technology and Traditional Agricultural Knowledge: Some Anthropological Reflection from Tribal India.
Asian J. Res. Soc. Sci. Humanit. 2016, 6, 1-10. [CrossRef]

Smart, A. Comparing Agriculture of the Past with Today, animalsmart.org. 2007. Available online: https://animalsmart.org/
animals-and-the-environment/comparing-agriculture-of-the-past-with-today (accessed on 9 July 2019).

Reij, C. Indigenous Soil and Water Conservation in Africa, Gatekeeper Series; Sustainable Agriculture Programme of the International
Institute for Environment and Development: Nairobi, Kenya, 1991.

Miiro, R. Factors Enhancing Terrace Use in the Highlands of Kabale District, Uganda. In Sustaining the Global Farm, Proceedings
of the 10th International Soil Conservation Organization Meeting, West Lafayette, IN, USA, 24-29 May 1999; pp. 356-361.
Available online: http:/ /topsoil.nserl.purdue.edu/nserlweb-old /isco99/pdf/ISCOdisc/SustainingTheGlobalFarm /P094-Miiro.
pdf (accessed on 5 December 2017).

Karuku, G.N. Soil and Water Conservation Measures and Challenges in Kenya: A Review. Int. ]. Agron. Agric. Res. 2018, 12,
116-145. [CrossRef]

Baldwin, J.R.; Rafiquzzaman, M. The Determinants of the Adoption Lag for Advanced Manufacturing Technologies. Stat. Can.
Work. Pap. 1998, 6. Published in Management of Technology, Sustainable Development and Eco-Efficiency. Available online:
https://doi.org/10.2139/ssrn.134648 (accessed on 15 January 2018). [CrossRef]

Kabubo-Mariara, J.; Linderhof, V.; Kruseman, G.; Atieno, R.; Mwabu, G. Household Welfare, Investment in Soil and Water
Conservation and Tenure Security: Evidence From Kenya. Invest. Soil Water Conserv. Tenure Secur. Evid. Kenya 2009. [CrossRef]
Nkonya, E.; Pender, J.; Kaizzi, K.C.; Kato, E.; Mugarura, S.; Ssali, H.; Muwonge, J. Linkages between Land Management,
Land Degradation, and Poverty in Sub-Saharan Africa. 2008. Available online: https://doi.org/10.2499/9780896291683RR159
(accessed on 1 March 2018).

Moges, D.M.; Taye, A.A. Determinants of farmers’ perception to invest in soil and water conservation technologies in the
North-Western Highlands of Ethiopia. Int. Soil Water Conserv. Res. 2017, 5, 56-61. [CrossRef]

Nile Basin Initiative. Nile Equatorial Lakes Subsidiary Action Program. Sio-Malaba-Malakisi River Basin Management Project.
2015. Available online: http:/ /nelsap.nilebasin.org/index.php/en/media-items/factsheets /2-sio-malaba-malakisi-river-basin-
management-project-kenya-uganda/file (accessed on 7 July 2019).

Muli, C. Sio-Malaba-Malakisi River Basin, Kenya/Uganda. Basin Characteristics and Issues. 2011. Available online: https:
//www.iucn.org/sites/dev/files/smm_river_basin_-_characteristics_and_key_issues.pdf (accessed on 1 March 2018).

ESA. [Dataset] ESA Land Cover Climate Change Initiative (ESA LCCCI), Data: ACCI-LC-L4-LCCS-Map-300m-P1Y-1992_2015
v2.0.7.tif via Centre for Environmental Data Analysis. 2017. Available online: http://maps.elie.ucl.ac.be/CCI (accessed on 21
July 2021).

Amann, A.; Herrnegger, M.; Karungi, J.; Komakech, A.].; Mwanake, H.; Schneider, L.; Schiirz, C.; Stecher, G.; Turinawe, A.;
Zessner, M.; et al. Can local nutrient-circularity and erosion control increase yields of resource-constraint smallholder farmers? A
case study in Kenya and Uganda. J. Clean. Prod. 2021, 318, 128510. [CrossRef]

Wooldridge, ].M. Econometric Analysis of Cross Section and Panel Data; MIT Press: Cambridge, MA, USA; London, UK, 2002.
Wooldrigde, ].M. Econometric Analysis of Cross Section and Panel Data; MIT Press: Cambridge, MA, USA; London, UK, 2010.
Lindner, R.; Fischer, A.; Pardey, P. The Time To Adoption. Econ. Lett. 1979, 2, 187-190. [CrossRef]

Lindner, R K,; Pardey, P.G.; Jarrett, EG. Distance to Information Source and the Time lag to Early Adoption of Trace Element
Fertilizers. Aust. Agric. Econ. Soc. 1982, 2, 98-113. [CrossRef]

Ainembabazi, H.; Asten, P.; Vanlauwe, B.; Ouma, E.; Blomme, G.; Birachi, E.; Manyong, V.M.; Macharia, I. Improving the adoption
of agricultural technologies and farm performance through farmer groups: Evidence from the great lakes of africa. In Proceedings
of the 2015 Conference, Milan, Italy, 9-14 August 2015; pp. 1-31.

Lancaster, T. The Econometric Analysis of Transition Data; Cambridge University Press: Cambridge, UK, 1990.

Bekele, A. Analysis of Adoption Spell of Hybrid Maize in the Central Rift Valley, Oromyia National Regional State of Ethiopia: A
Duration Model Approach. Sci. Technol. Arts Res. J. 2015, 3, 207-213. [CrossRef]

Ainembabazi, H.J.; Van Asten, P; Vanlauwe, B.; Ouma, E.; Blomme, G.; Birachi, E.A.; Nguezet, PM.D.; Mignouna, D.B.;
Manyong, V.M. Improving the speed of adoption of agricultural technologies and farm performance through farmer groups:
Evidence from the Great Lakes region of Africa. Agric. Econ. 2017, 48, 1-19. [CrossRef]

Cox, D.R.; Oakes, D. Analysis of Survival Data; Chapman and Hall/CRC: Boca Raton, FL, USA, 2018.

Cleves, M.; Gould, W.; Gould, WW.; Gutierrez, R.; Marchenko, Y. An Introduction to Survival Analysis Using Stata, revised ed.; Stata
Press: College Station, TX, USA, 2008; Volume 13, pp. 1-2.

Kanwar, R.S. Effect of Tillage Systems on the Variability of Soil-Water Tensions and Soil-Water Content. Trans. ASAE 1989, 32,
605-610. [CrossRef]

Friedline, T.; Masa, R.D.; Chowa, G.A. Transforming wealth: Using the inverse hyperbolic sine (IHS) and splines to predict
youth’s math achievement. Soc. Sci. Res. 2015, 49, 264-287. [CrossRef] [PubMed]

Tengnas, B. Agroforestry Extension Manual for Kenya; International Centre for Research in Agroforestry: Nairobi, Kenya, 1994.
Mati, B.M. Soil and water conservation structures for smallholder agriculture. Train. Manual. 2012, 5, 60.

Kebeney, S.J.; Msanya, B.M.; Semoka, J.M.; Ngetich, WK.; Kipkoech, A K. Socioeconomic Factors and Soil Fertility Management
Practices Affecting Sorghum Production in Western Kenya: A Case Study of Busia County. J. Exp. Agric. Int. 2015, 5, 1-11.
[CrossRef]


http://doi.org/10.5958/2249-7315.2016.00041.1
https://animalsmart.org/animals-and-the-environment/comparing-agriculture-of-the-past-with-today
https://animalsmart.org/animals-and-the-environment/comparing-agriculture-of-the-past-with-today
http://topsoil.nserl.purdue.edu/nserlweb-old/isco99/pdf/ISCOdisc/SustainingTheGlobalFarm/P094-Miiro.pdf
http://topsoil.nserl.purdue.edu/nserlweb-old/isco99/pdf/ISCOdisc/SustainingTheGlobalFarm/P094-Miiro.pdf
http://doi.org/10.32474/CIACR.2018.02.000148
https://doi.org/10.2139/ssrn.134648
http://doi.org/10.2139/ssrn.134648
http://doi.org/10.2139/ssrn.1527197
https://doi.org/10.2499/9780896291683RR159
http://doi.org/10.1016/j.iswcr.2017.02.003
http://nelsap.nilebasin.org/index.php/en/media-items/factsheets/2-sio-malaba-malakisi-river-basin-management-project-kenya-uganda/file
http://nelsap.nilebasin.org/index.php/en/media-items/factsheets/2-sio-malaba-malakisi-river-basin-management-project-kenya-uganda/file
https://www.iucn.org/sites/dev/files/smm_river_basin_-_characteristics_and_key_issues.pdf
https://www.iucn.org/sites/dev/files/smm_river_basin_-_characteristics_and_key_issues.pdf
http://maps.elie.ucl.ac.be/CCI
http://doi.org/10.1016/j.jclepro.2021.128510
http://doi.org/10.1016/0165-1765(79)90171-X
http://doi.org/10.1111/j.1467-8489.1982.tb00618.x
http://doi.org/10.4314/star.v3i4.30
http://doi.org/10.1111/agec.12329
http://doi.org/10.13031/2013.31045
http://doi.org/10.1016/j.ssresearch.2014.08.018
http://www.ncbi.nlm.nih.gov/pubmed/25432618
http://doi.org/10.9734/AJEA/2015/12107

Agronomy 2021, 11, 1985 14 of 14

59.

60.

61.

62.

63.

64.
65.

66.

67.
68.

69.

70.

Wolka, K.; Mulder, J.; Biazin, B. Effects of soil and water conservation techniques on crop yield, runoff and soil loss in Sub-Saharan
Africa: A review. Agric. Water Manag. 2018, 207, 67-79. [CrossRef]

Doss, C.R.; Morris, M.L. How does gender affect the adoption of agricultural innovations? The case of improved maize technology
in Ghana. Agric. Econ. 2000, 25, 27-39. [CrossRef]

Ndiritu, S.W.; Kassie, M.; Shiferaw, B. Are there systematic gender differences in the adoption of sustainable agricultural
intensification practices ? Evidence from Kenya. Food Policy 2014, 49, 117-127. [CrossRef]

Obisesan, A. Gender Differences in Technology Adoption and Welfare Impact Among Nigerian Farming Households. Dep. Agric.
Econ. Univ. Ibadan Niger. 2014.

Fisher, M,; Carr, E.R. The influence of gendered roles and responsibilities on the adoption of technologies that mitigate drought
risk: The case of drought-tolerant maize seed in eastern Uganda. Glob. Environ. Chang. 2015, 35, 82-92. [CrossRef]

Nabbumba, R.; Bahiigwa, G. Agricultural productivity constraints in Uganda: Implication for Investment. Res. Ser. 2003, 31, 1-6.
Mohamed, K.S.; Temu, A.E. Access to credit and its effect on the adoption of agricultural technologies: The case of Zanzibar. Afr.
Rev. Money Financ. Bank. 2008, 32, 45-89.

Zerga, B. Land Resource, Uses, and Ownership in Ethiopia: Past, Present and Future. Int. |. Sci. Res. Eng. Tech. 2016, 2,
2395-2566X.

Gabre-Madhin, E.Z.; Haggblade, S. Success in African Agriculture: Results of an Expert Survey. IFPRI 2001, 5, 745-766.
Menapace, L.; Colson, G.; Raffaelli, R. Risk Aversion Subjective Biliefs and Farmer Risk Management Strategies. Am. ]. Agric.
Econ. 2012, 95, 384-389. [CrossRef]

Kamunde-Aquino, N. Who owns soil carbon in communal lands? An assessment of a unique property right in Kenya. In
International Yearbook of Soil Law and Policy 2017; Ginzky, H., Dooley, E., Heuser, I.L., Kasimbazi, E., Markus, T., Qin, T., Eds.;
Springer International Publishing: Cham, Switzerland, 2018; pp. 321-338. [CrossRef]

Kasimbazi, E. Soil protection law in Uganda. In International Yearbook of Soil Law and Policy 2018; Ginzky, H., Dooley, E., Heuser, L.L.,
Kasimbazi, E., Markus, T., Qin, T., Eds.; Springer International Publishing: Cham, Switzerland, 2019; pp. 315-330. [CrossRef]


http://doi.org/10.1016/j.agwat.2018.05.016
http://doi.org/10.1111/j.1574-0862.2001.tb00233.x
http://doi.org/10.1016/j.foodpol.2014.06.010
http://doi.org/10.1016/j.gloenvcha.2015.08.009
http://doi.org/10.1093/ajae/aas107
http://doi.org/10.1007/978-3-319-68885-5_17
http://doi.org/10.1007/978-3-030-00758-4_15

	Introduction 
	Materials and Methods 
	The Study Area 
	Sampling and Data Collection 
	Analytical Methods 

	Results and Discussion 
	Socio-Economic and Demographic Characteristics of the Respondents 
	Adoption Lag and Its Determinants 
	Adoption Lag of Soil and Water Conservation Practices 
	Factors Influencing Adoption Lag of Soil and Water Conservation Practices 


	Conclusions 
	References

