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Adoption ofSoi! Conservation Technologies and Crop Productivity in West UsambaraHighlands, Tanzania

1.0 BACKGROUND INFORMA nON
Soil erosion is one of the most important and challenging problems facing
farmers and natural resource managers worldwide as farmers are losing an
estimated 24 billion tonnes of topsoil each year (Lal, 1995; Pimentel, 1995).
In developing countries erosion rates per acre are twice as high as the
standard, partly because of population pressure which forces the land to be
more intensively farmed (Mowo et al., 2002; Kassie et al., 2011). For
instance, in the Philippine uplands, soil erosion is widely regarded as the
country's most serious environmental problem since it affects about 63 t076
percent of the country's total land area (Paningbatan, 1990). Soil fertility
depletion is considered the main biophysical limiting factor for increasing
per capita food production for most smallholder farmers in Africa (Smaling
et aI., 1997). Ethiopia being among the African country has become
increasingly dependent on food aid particularly in most parts of the densely
populated highlands where cereal yields average reported to be less than 1
metric ton per hectare following land degradation (Pender and Gebremedhin,
2007).
The continued decline of soil fertility led by land degradation, low and
poorly distributed rainfall, poor resource endowments, and lack of or
inadequate institutions has been reported to be among the major causes of
low and decreasing performance of sub-Saharan Africa's agricultural sector
(Ajayi, 2007; Misiko and Ramisch, 2007). Meeting the food demand of a
global population is expected to reach 9.1 billion in 2050 and over 10 billion
by the end of the century will require major changes in agricultural
production systems. Improving cropland management is a key to increasing
crop productivity without further degrading soil and water resources (Branca
et al., 2011). It is estimated that, by the year 2020, yield reduction due to soil
erosion may be as much as 16.5% of the African continent and about 14.5%
for sub-Saharan Africa (Lal, 1995).

Like many sub-Saharan African countries, Tanzania also faces a serious soil
erosion problem. Soil erosion has been one of the major threats to
agricultural production (Kaihura et al., 1999). Because of soil erosion, vast
areas of once fertile lands have been left unproductive. The west Usambara
highlands are among the areas which are adversely affected by soil erosion
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Despite the efforts which have been undertaken by the government and other
conservation partner organizations in curbing soil erosion, soil erosion
continues to be a major problem contributing to the loss of fertile topsoil in
the West Usambara highlands (Tenge, 2005). The consequences of this
erosion are; reduced crop yields, food deficiency, silting up of waterways,
damage of various structures, and loss of land value (Meliyo, 2002).

1.1 Problem Statement
Although soil conservation technologies have high dissemination and
promotion of adoption in the West Usambara highlands, soil erosion
continues to be a major problem contributing at large in the reduction of
household crop production on the hillside farm plots. Understanding on how
far the previous and prevailing soil conservation initiatives have been
achieved in controlling soil erosion problem in the West Usambara
highlands is essential.

Although studies done by Semgalawe (1998) and Tenge (2005) focused on
the adoption of soil conservation technologies in the West Usambara
highlands, none of them focused on the level of soil conservation technology
adoption and its contribution to crop production on the hillsides farm plots.
Instead, authors studied the incidence of technology adoption few years after
Soil Erosion Conservation and Agroforestry Project (SECAP) to wind up its
activities in the West Usambara highlands in 1990s. Therefore, the paper has
provided knowledge to bridge the information gap by assessing the level of
soil conservation technology adoption and it contribution to increasing crop
productivity .

2.0 METHODOLOGY

2.1 Description of the Study Area
The West Usambara highlands are located in the North Eastern part of
Tanzania and constitute a portion of the Eastern Arc Mountains. About 80%
of the population of Lushoto district in Tanga Region is found in the West
Usambara highlands (Mwihomeke and Chamshama, 2001). West Usambara
has been selected for this research because; the area is prone to serve erosion
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Therefore, four villages which are Mambo, Tema, Nkelei and Emao were
involved in the survey. Households selected randomly from the villages
were as follows: Mambo (25), Tema (25), Nkelei (24) and Emao (24).

2.3 Data Collection
The study collected qualitative and quantitative primary data by using
qualitative and quantitative methods. The qualitative methods used were
personal interviews, key informant interviews, focus group discussions and
direct observation while a questionnaire survey was used for gathering
quantitative data. Direct observation, personal interviews, focus group
discussions and key informant interviews were used in collecting
information concerning the relevance and preferences of integrating
different soil conservation technologies on the hillside farm plot. This aimed
at ascertaining whether farmers recognized the need for integrating different
soil conservation technologies in their farm plots as an effective way of
curbing the erosion problem and improving crop productivity.

Quantitative data were collected using a structured questionnaire comprised
of both open and closed ended questions administered to household
respondents. Quantitative data involved information pertaining to the type
and number of soil conservation technologies adopted by farming
household, plot size under conservation intervention and crop productivity.

2.4 Data Analysis
Both qualitative and quantitative data were subjected to analysis process.
Qualitative data from observation, personal interviews and key informants
pertaining to the relevance and preference of farmers on integrating different
soil conservation technologies in a farm plot were analyzed by using content
analysis. On the other side, quantitative data were analyzed through the
application of SPSS computer software in which descriptive and inferential
statistics were determined. Descriptive statistics including percentages,
means, minimum and maximum, standard deviations and frequencies were
employed and presented in tables and figures. The inferential statistics as
well were presented in tables and figures.
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3.0 RESULTS AND DISCUSSION

3.1 Background Information of the Respondents
Based on age distribution of respondents, it was found that the average age
was 47.52±13.972 years, while the maximum and minimum age was 78 and
22 years respectively. The age of respondents is important in the adoption
process of soil conservation technologies in the study area (Boyd et al. 2000;
Mengstie, 2009).

The study involved a total of 44 females and 54 males. Married respondents
constituted the majority (89.8%) and the remaining (10.2%) were widowed.
Among other factors, the marital status of a household head can determine
the level of adoption of soil conservation technologies in the study area since
it can be associated with agricultural land ownership. The study by Leavens
and Anderson (2011) found out that the marital status of the farmer has an
implication on land ownership since widows and unmarried females often
suffer the consequences of land ownership and technology information.

In this study, it was found that the household size ranged from 1 to 14
members while the average household size was 5.84±2.162 members. The
household size of 6-10 members constituted the majority (52%) of
respondents. Based on respondent's education, majority (87.8%) of the
respondents had primary school education while 4.1 % had secondary school
education. However, 8.2% of the respondents had no formal education.
Farmers with higher level of education have higher level of adoption of soil
conservation technologies than those with low level of education. Enujeke
and Ofuoku (2012), similarly, noted that formal education is important to
enhance adoption of soil conservation technologies and innovation of
agricultural technologies.

ISSN 1821-875X 180 Vol. 1No. 1,2014



1710(;'I"ONI"lOA181X~L8-1(;81NSSI

JOsqlJg-:l:l.n:ppUl3qlJg-:mo"l3:lJl3ApmS:lq1U!(%L"~8)SJ:lUJJl3JJOAlPofl3U1
:lqlAqp:lSnSl3MS:l:lJ1pUl3sdP1SSSl3JgAqp:lZmql31s:l::ll3JJ:l1q::lU:lqoSlV
"(OPl3::l0AY)VUV:J!.laWVv!s.laclpUl3(:l:lJll3Ul3Ul3a)oddsvsnw'(S:lU!d)v/nJvd
snuM'(l3:llHA:lJO)vlsnqO.lva/nila.lD)(%L"~8):l:lJ1:lsodmdmnUlAqp:lMOnOJ
,(g0lOuq::l:l1UOnl3AJ:lSUO::lHOS(%6"~6)Jl3lndodlSOUI:lq1Sl3MSSl3JgJ:l!dl3N
pUl3l3ll3U1:l1l3noAqP:lll3U!UlOPAgolouq::l:l1dP1SSSl3Jg'1:lJ~!tIU!UMOqSsy

S:l!golOuq::l:l1UO!ll3AJ:lSUO::l
HOSP:lll3U!UI:lSS!PJOUO!ldopl3:lq101:lsuods:lJ,SJ:lUJJl3tI:1;l.Jn~J.'I

Sa'!OIOulpal

a
Ol

at
09"I'l

lD..n
08

lD
:::l
&1 O'Q
lD

001

"(I:lmg!tI)l3Jl3qUll3Sfl1S:lA\.:lq1
U!p:lsnSl3MAgolOuq::l:l1q::ll3:llSl3:ll1l31l3q1P:lAJ:lsqoSl3Mn"l3:lJl3:lqlU!s.L;)S
P:l1llU!UI:lSS!PU:lA:lS:lqlUOP:lSl3qSJ:lUJJl3JAqp:lsn:lJ:lMq::l!qMs.L;)SJOs:ldAl
:lq.L"p:l!pmS:lJ:lMuondopl3JOUOnl3!Jl3ApUl3SJ:lUJJl3JAqp:lsnS:l!golOuq::l:l1JO
S:ldAl'S:l!golouq::l:l1UOnl3AJ:lSUO::lHOSJOuondopl3JOPMlPloq:lsnoqJ:lPUfl

spuBlq~JHB.lBqUlBsfllS;lA\;lqluJ
(S.LS;»)S;lJ~Olouq;);l.LUOnBA.I;lSUO;)nosJOuondopvJOI;lA;l'1Ploq;lsnoH



Adoption of Soil Conservation Technologies and Crop Productivity in West UsambaraHighlands. Tanzania

the surveyed farming households used cut-off drain and mulching
respectively in integration with other soil conservation technologies. On the
other hand, it was found that contour ridges and fanya juu were the least
used soil conservation technologies in the study area. However, through
interviews, farmers appreciated soil conservation technologies as being
relevant in their farm plots because they demonstrated effectiveness in soil
erosion control by improving crop productivity. During focus group
discussions, farmers explained that bench terraces were very effective in
controlling soil erosion and therefore once bench terraces were invested by
the farmer, the need for other mechanical methods such asfanyajuu and cut-
off drains become less important.

It is pointed out by various studies that adoption of soil conservation
technologies depends much on farmer's preference (e.g. Mutuma et al.,
2010; Barungi and Maonga (2011). Therefore, technology use differed
among farmers in the area. Similar findings were reported by Mutuma et aI.,
(2010) in Kenya that bench terraces were the most popular used soil
conservation technologies while the findings are contrary to those reported
by Barungi and Maonga (2011) in the highlands of Southern and Central
Malawi who observed contour ridges and terraces being the most and least
adopted soil conservation technologies respectively. Such differences in
technology use justify that the application of the type of soil conservation
technology is a site specific and therefore technology use should not be
generalized among different regions.

The Composite Index of Adoption (CIA) which is the average of the Index
of Adoptions (lAs) of farming households was used by the study to identify
variations of adoption of soil conservation technologies among farming
households. According to Paudel and Thapa (2004) cited in Barungi and
Maonga (2011), the calculation of this index helps to understand the
variation in technology adoption and thus contributing to the formulation of
policies for effective implementation of land management programmes.
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Table 2: Distribution of respondents based on household hillside farm
plot sizes which are under conservation intervention

Acres under soil conservation
Village 0.01 0.51- 1.01 1.51- Min Max Mean

-0.5 1.0 -1.5 2.0
Mambo(n=25) 64 4 28 4 0.13 2.00 0.78±0.56
Tema(n=25) 76 16 4 4 0.17 1.75 0.57±0.42
Nkelei(n=25) 84 16 0 0 0.06 1.00 0.38±0.29
Emao(n=23) 82.6 13 0 4.4 0.10 2.00 0.42±0.41
Overal1(n=98) 76.5 12.2 8.2 3.1 0.06 2.00 0.54±0.45

The highest household average land size in the hillsides which is under soil
conservation intervention was observed in Mambo village (0.78±0.56 acre)
followed by Tema village (0.57±0.42 acre). However, each surveyed
household in Nkelei village found to possess not more than one acre (Table
2).

When interviewed, most farmers admitted to have fragmented plots which
are mostly scattered and located very distant from home. They further
explained that they devoted their conservation efforts on the hillside plots
which were nearby their home surroundings and those in valley bottoms
since other physical soil conservation technologies such as bench terraces
and fanya juu were labour intensive. However, the farmers admitted that
they had been farming even in other plots with no conservation measures.
Bebbington(1999) noted that conditioning variables related to human asset
such as availability of labour force are important since they give a farmer the
capacity to act effectively by investing soil conservation technologies

The above findings concur with the reality that despite some efforts
undertaken by farmers in the adoption of the disseminated soil conservation
technologies in the study area, the coverage of agricultural land was still low
as most of the hillside farm areas were left by farmers without any
conservation initiatives and hence highly susceptible to soil erosion and
experienced low crop productivity.

ISSN 1821-875X 186 Vol. 1No. 1,2014



1710Z'I'oNI'loAL81XS;L8-1Z81NSSI

(£Z=u)
1000'0>9£1'9orOZ81=f8t:"~99ZLP'L1l1=f19'96£1OVWH

(~Z=u)
1000'0>pon99'PL81=f88'Z£9Z~6'L9ZHZ~'98£1I3"lmiN

1000'0>8LCL~n18H68'P8£££nLH80·8101(~z=u)VWHL
(~z=u)

1000·0>~pnpn80HPO'L9Ll18·68H86·PL8oawvw

uondopllJ3UllUO!ldopll3JOJ3q
Al!A!pnpoJdAl!A!pnpoJd

3n\IlA-d3nlllA-l3~IlJ3AV3~IlJ3AV3WIlU3~IlIl!A
(3.138/"I)Al!A!l3np0.ld0l8l0dqS!.I10lS.L:::>SJOU0!lnqplUo:::>:f31q8.L

·UOISOl::l
nOSlJU!::lnp::llpUllAl!I!ll::lJ'::lInlS!OWnOSlJU!U!tll::llq::lnsSlOpllJsnopllA01::lnp
Al!A!pnpOlddOl::lS::lAOldw!s~:::>SJOUO!ldoPll::lq11llq1SMOqSS!q~·spop::ld
OM1::lS::lq1U::l::lM1::lqAl!A!pnpOldoltllodqS!lIU!::llJUllq::l1Ull::lmUlJ!SIISllM
::ll::lq1'::llOPl::lq~·PA::lI%~III(lOO·O>d~L£l·~~=(6)eX)ll::llllAPfilSlllll::lAO
::lqlpUll(£lO·O>d:696·0l=(6)l)OllWtI'(61O·0>d:L9C6I=(6)eX)!::lp)JN'(
Zl0·O=d:1£6·01=«()eX)OqwllWJOS::llJllmAp::lA::lAlnS::l::lJq1U!S::l!lJOlouq::l::ll
U0!lllAl::lSUO::lnosJOUO!JdOPll::lqll::llJllpUll::llOJ::lqAl!A!pnpOldOllllOdqSPI
::lqlU::l::lM1::lqU0!JllPOSSlllUll::l!J!UlJ!SIIp::llll::lA::lllS::ll::llllnbs-!q:::>::lq1'::ll::lll/lJ){
000£::lAOqllpUll'::ll::lll!8){OOO£-lOOl'::ll::lll!8){OOOl-lOOI'::ll::lll/lJ){000I-I
JOsU0!JnqplS!pAl!A!pnpOld10idUllllJS::lOllllOdqSPI01lJU!PlO::l::lll'l::lAO::llOW

·SPloq::lsnoqp::lA::lAlnS::lq1U::l::lMl::lq::ll::llll::ldSPI::l!A
U!U0!Jll!lllAqlJ!qSllM::ll::lql'Al!A!pnpOlddOl::lJO1U::lW::lAOldw!U!::l::lUll::lmUlJ!S
::lql::ll!ds::lplllqlS::llll::l!PU!Al!A!pnpOlddOl::l::llJlll::lAll::lq1JOU0!Jll!MP
plllpUlllSqlJm.(£::lyqll~)SlOldUllllJl!::lqlU!S::l!lJOlouq::l::llU0!JllAl::lSUO::lnos
UOlS::lAU!01p::lP!::l::lpSl::lUllllJ::l::lU!S::l::lUll::lmUlJ!SJOPMI%~IIIAl!A!pnpOld
OllllodqSPIU!::lSll::ll::lU!(100·0>d)1Utl::lmUlJ!SII::lAllq0lP::lAl::lsqoSllM::llJllmA
q::llltl.(£::lyqll~)s~:::>SJOUO!lll::lHddll::lq1lJU!MOlloJS::llJllmAP::lA::lAmSmOJ
IIllU!pUlllp::l1llA!lln::l::lWllS::lq1WOlJAl!A!pnpOlddOl::l::llJlll::lAll::lqlU!::lSll::ll::lU!
unP::lAl::lsqoAPfilS::lql'(uJnso.laqmumutJ/os)S::lOllllOdqSPIUOP::lSllg

S3P!sII!HU!u0!l:mp0.ld
do.l:::>PU8S3!~010uqJ3.LU0!lllA.l3SUO:::>nosJOu0!lnq!.Iluo:::>fOf



Adoption of Soil Conservation Technologies and Crop Productivity in West Usambara Highlands, Tanzania

The patterns of averages of crop productivity observed in all villages depict
the improvement of productivity since farmers decided to invest on soil
conservation technologies in their farm plots. Hence, soil conservation
technologies are effective in curbing soil erosion and contribute significantly
to the improvement of soil fertility in hillside farm plots.

Significant crop performance observed in the study area following the
application of recommended SeTs is similar to that reported by Shively
(1999) on the hillside farms in the Philippines, Dutilly-Diane et al. (2003) in
Burkina Paso and Niger, Dosteus (2011) cited in Branca et al. (2011) in the
Uluguru mountains in Tanzania, Verchot (2007) in Malawi, and Posthumus
(2005) in Peru based on specific crops and environmental conditions. This
gives the impression that the adoption of soil conservation technologies has
significant contribution to crop productivity on the hillside farm plots of the
West Usambara highlands.

4.0 CONCLUSION AND RECOMMENDA nONS
In the study area, it was found that at least each of the farming household
applied at least one type among the seven disseminated soil conservation
technologies and the majority used more than four technologies. This shows
that farmers were aware of the seriousness of the soil erosion problem. The
integration of grass strips, trees and bench terraces were popular soil
conservation technologies in the study area followed by mulching, cut-off
drain,janyajuu and contour ridges. Generally, there was a medium level of
adoption of conservation technologies. Moreover, soil conservation
technologies demonstrated significant contribution to crop productivity on
the hillside farm plots. However, the coverage area under land management
intervention was still small. There were variations in the capacity of farmers
to adopt the number of soil conservation technologies.

To ensure effective control of soil erosion and improved agricultural
productivity in the West Usambara highlands, this study recommends
various measures to be undertaken such as the following:

• The government of Tanzania and other natural resources
conservation partners should enable the extension agents to reach
the majority of farmers; and
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