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Agricultural Commercialization and Adaptation to Climate Change and
Variability in Semi-Arid Central Tanzania

ABSTRACT

Aims. The study was conducted to investigate the imptoat of smallholder
agricultural commercialization on adaptationctonate change isemi-arid central
Tanzania.

Study design: Descriptive survey and observational designs weesl in this study.
Moreover, analytical design was used to analyze tileeads of climate and
commercialization in the area.

Place and Duration of Study: Hembahemba and Manyata villages in Kongwa
district, Dodoma region, Tanzania were selected th@ study. The study was
conducted between October 2012 and October 2013.

Methodology: A variety of methods were used in the study inalgdparticipatory
assessment techniques, field visits and householteygs. Primary data collection
involved the use of key informant interviews, hdusd questionnaires, focus group
discussions and field observations. Secondarywata collected through literature
and documentary review. Temperature and rainfath deom 1970 to 2012 were
analysed by simple linear regression performedgusiitrosoft Excel. Non-numeric
data were coded and analyzed by Statistical Paci@ag8ocial Sciences (SPSS).
Household Commercialization Index (HCI) was usedralyze levels of agricultural
commercialization.

Results: The experience of the interviewed respondents ifiathand temperature
trends corresponded to the analysis of climatia diedm Tanzania Meteorological
Agency (TMA). The analysis indicated an increasetarhperature at a rate of
0.0137°C annually for the past 42 years and a deer®f rainfall at a rate of
1.5062mm annually from 1983 to 2012. However, @dlrdecreased more rapidly at
a rate of 4.597mm annually between 1995 and 2pafing agricultural sector into
risk. On the other sidea comma agricultural commercialization influenced
mechanization and changes of agricultural practiceverse ways. Changes, such
as abandonment of mixed farming and drought totetaditional crop varieties
exposed the farmers into risks of climatic shockslevchanges on tillage practices
and crop diversification contributed to adaptation.

Conclusion: Taking into account the climatic changes and maikees, it is likely
that agricultural diversification can further cahtrte to resilience.

Keywords: Agricultural commercialization, climate change, resilience, adaptation.

1. INTRODUCTION

Developing countries will account for about 85 parcof the 690 million ton
increase in the global demand for cereals betw&®% land 2020 (Andersen and
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Rosegrant, 1999) [1]. The demand for food is likilymotivate farmers to respond
to market needs, hence causing agriculture to beecoare commercialized. World
Bank (2007) [2] further reports that income growid urbanization in developing
countries have enlarged markets for agriculturahmmodities. As economies grow,
there is a gradual but definite movement from sitbece farming to a diversified
market oriented production system (Cohen, 1988uBkt al., 1994; Delgado, 1995;
Von Panasat, 2011 cited 20 in Okezie et al., 2(3]2)

Alongside agricultural commercialization, climateange and variability are also
posing a challenge in trends and patterns of agmieuworldwide. According to the
recent review of IPCC, global agriculture faces phaspect of changing climate that
may adversely affect the goal of meeting globaldfoeeds in the coming decades
(Gitay et al., 2001) [4]. Sub Saharan Africa, whefenate change has already
affected and is expected to affect more of thelrooamunities thatepend on
agriculture for their livelihood, agricultural conemtialization canpositively or
negatively affect adaptation to climate change tudts influence on farmer’'s
decision.

Analysis of trends in agricultural productidike maize production in Tanzania
according to URT (2007) [5] shows that the increaséemperature and reduced
rainfall as well as change in rainfall patterns comma will decrease average yields
by up to 84% in the central regions. Despdl these projections, the study done in
Dodoma region of central Tanzania by Liwenga et(2009) [6] revealed the
expansion of maize fields and the change of crotes as a result of agricultural
commercialization. According to this study, onlyoab 17.5% of the farmers had
maize fields of more than 20 acres (8ha) befored MWhile about 24% had maize
fields bigger than 20 acres (8ha) in 2009. Appdyeuirought that occurred in the
late 1970s in Dodoma, central Tanzania caused Higenprices to increase sharply
hence more land was allocated to produce maizel#at al., 1998) [7].

The response to market requires informed farmers afe aware of thelimate
change and its associated risks. This study waigrezs primarily to develop the
implications of agricultural commercialization ometadaptation to climate change
for communities located in semi-arid areas of @nfianzania. Significantly, the
study was designed to establish how commerciatimatian take into account the
adaptation strategies to improve agricultural potidum and financial ability of semi-
arid communities under changing climate.

2.METHODOLOGY

2.1 Study area

The study was carried at Kongwa district whichoisated in Dodoma region, central
Tanzania. The district lies between the geograploimardinates of 6° 12' 0" S, 36°
25'0"E/6°20'0"S, 36°41' 7" E. Itis bordete the north by the Manyara region,
to the east by the Morogoro region, to the soutlheyMpwapwa district and to the
west by the Dodoma rural district.
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As a whole central Tanzania including Kongwa distis categorized as a semi-arid
zone with a savannah climate which is characteriged short rainy period between
November and May. The microclimate of Kongwa distis greatly influenced by its
altitude. The mean temperature is about 26.5°Ctdmaperature can sometimes go
down to as much as 11°C. The annual average raisfal50 mm, whereas the
average relative humidity is 70% (Goromela et 2007) [8]. According to the
population and housing censusl@hnzania in 2012, Dodoma region has a population
of 2,083,588 people with 309,973 people living iangwa district which accounts
for about 14.88%. Major livelihood activities inettarea are farming and livestock
keeping. The area is also very popular economichlfy/to the presence of Kibaigwa
international crop market. The area was purposigkfsen due to its vulnerability to
climate change and the ongoing, large-scale ad¢ui@il commercialization.
Hembahemba village located at Njoge ward and Many#iage located at Ngomai
ward were selected for the study. Selection of utieages was based on social
economic activities, such as farming being the prinsource of livelihood, diversity
of cultivated crops, severity of the impacts offrdie change and access to the
market.

2.2 Sampling procedure

The study mainly used two types of sampling techesy namely purposive

sampling and systematic random sampling. Purpasawepling was used to select
the key informants, the participants of the focus grdigzussion and the individuals
for an in-depth interview. With the assistance age and sub-village chairmen,
systematic random sampling was used to selectdbseolds from household lists
to constitute the sample. A sample proportion afaly% of the households in each
of the two villages was used for the householdrimégvs. According to Black (2004)
[9], sampling through this technique starts by c@lg an element from the list at
random and then every"kelement in the frame is selected using the folhmwi

formula shown in Equation i.

Where, K=Interval size
N=Total population (Total number of households)

n=Sample size = (7/100) x N
Hence, an integer between 1 to K was randomly s&eio constitute the first item
in the sample for the household survey followedebgry K" unit as shown in Table
1.

Table 1: The proportion of sampled respondenthearstudy villages
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Village Total number of Sample size Interval size

Households (IN) (n=0.07*N) (K=N/m)
Hembahemba 786 55 14
Manyata 693 49 14
Total 1470 104 --

Source: Fieldwork (2013).

2.3 Data Collection

This study employed a variety of data collectednfrdifferent sources because of the
variation in the nature of data required. Therefeeyeral data collection techniques
were used. The data were obtained from farmerszaraa Meteorological Agency
(TMA), officers of agricultural extension, Kibaigwerop market and literatures.
Data collection methods ranged from literature deand participatory assessments
to field observations and interviews. Unstructuredsgioas were used during focus
group discussion and key informant interviews. &trred questions were used to
collect information at household level.

2.4 Analytical Procedure

Temperature and rainfall trends from 1970 to 20E2ewanalyzed by simple linear
regression analysis that was performed by usingddaft Excel. Non-numeric data
were coded, summarized and analyzed by using fgtatisPackage for Social
Sciences spreadsheet. Household Commercializatndex| (HCI) was used to
analyze the levels of specific crapd total agricultural commercialization (Equation
i). The index measures the ratio of the grossevalucrop sales by household (hh)
in yearj to the gross value of all crops produced by tmeeshousehold (hh)in the
same yeay expressed as a percentage (Martey, 2012)[10].

HCI=

Gross value of crop sales hh; year; J 9
sk 100%%:

Gross value of all crop production hh; vear,

PRI (1)

The index measures the extent to which househal@ production is oriented
toward the market. A value of zero signifies altgtaubsistence oriented household
and the closer the index is to 100, the higherdbgree of commercializatiors
(Martey, 2012) [10]. Total agricultural commercmition was obtained by finding
the average HCI for all households per year frod82@ 2013 in each village with
the help of Microsoft Excel. Thereafter the averb§d for six years was calculated
for each village. The advantage of this approadghas commercialization is treated
as a continuum thereby avoiding crude distinctietwieen “commercialized” and
“non-commercialized” households (Martey, 2012) [10]
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3. RESULTS AND DISCUSSION

3.1 Temperaturetrends

According to the data obtained from Dodoma stattdnTMA, the analysis of
temperature showed an increase in temperature t6@0 to 2012. Minimum
temperature increased at a higher rate (y=0.01828.% where R=0.3105) when

compared to maximum temperature (y=0.0091x + 28.%B@re R =0.0929) as
shown in Figure 1. Generally temperature increagetiually. Annual average
temperature from 1970 to 2012 increased by y=0.0%322.615 where R=0.2341

(Figure 2).
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Figure 1: Minimum and maximum temperature trends from 1970 to 2012.
Source: TMA-Dodoma station (2013).
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Figure 2: Average annual temperature trend from 1970 to 2012.
170 Source: TMA-Dodoma station (2013).
171
172  Similar observations were made by Mary and Majale0Q) [11] whose analysis of
173 average, annual temperature from 1984 to 2004 imywiai district showed an
174 increase of averagennual temperature by 0.7°C. This observation rshéu in
175 accordancewith URT (2007) [5] in its National Adaptation Pmagnme of Action
176 (NAPA), which reports the upward trend of monthlyinrmum and maximum
177 temperatures over the last 30 years (between 19972@04). The findings were also
178 confirmed by 52.7% and 46.9% of the respondents ftembahemba and Manyata
179 villages respectively. The respondents claimed xpegence the increase in
180 temperature in their villages.
181
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3.2 Monthly rainfall patterns

Analysis of monthly rainfall patterns showed greatiations on onset and cessation
of rainfall. The participants of the focus grougdission mentioned that the rainfall
began in October and ended up in May in a normat.yRainfall was reported to
reach thgpeak in December before it droppaday in February when weeding took
place. It was thereafter reported to increase agaiiih March before it dropped away
and ended in May. According to meteorological da&y little rainfall which was
below the average throughout tfrain) rainy season was recorded in 1970s. In
1980s, rainfall began nearly at the end of Octobmwever, it remained higher
above the average throughout the season excepadfgbwhen it droppedwayto
below the average. The rainfall ended My as usual so that the farmers
experienced a short growing season. The same paterthe one in 1970s was
recorded in 1990s except in February when the atinfeviated positively and
higher above the average, a situation which waswedicompared to other years.

In 2000s rainfall went far higher above the avereg®ecember and lower below
the average throughout tlfleain) rainy season. There was also a sharp drop in the
amount of rainfall from March to April and ended earlier than usual. Therefore,
farmers experienced a short growing season in 20B6gerally the trend showed
the shift of rain onsdtom October to November and the shift in cessdtiom May
towards April, hence shortening of tfr@in) rainy season (Figure 3).
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Figure 3: Variations of monthly rainfall distribution from 1970 to 2012.
Source: TMA-Dodoma station (2013).

These findings also correspond to the experienciarofiersso that 98.2% of the
respondents from Hembahemba village and 100% ofefigondents from Manyata
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village claimed to experience early cessatioirafn) rainy season in recent years.
The same case is reported in Manyoni district, re¢éfitanzania where rainfall used
to start in October and faded away in May in thstf@urrently, the onset of rainfall
has shifted from October to November and the ra@gson is shorteending in
March or April (Mary and Majule, 2009) [11].

3.3 Variability of Annual Rainfall

Dodoma region is generally subject to frequent gnbuAccording to meteorological
data from TMA, average annual rainfall from 1970 20612 was found to be
575.14mm.However, the area received annual average rainfab28.02mm in
1970s, which was below the average. The averageahnainfall between 1982 and
1989 was found to be 611.9mm, 572.8mm between 39@01999 and 584.9mm
between 2000 and 2012 (Figure 4).
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Figure 4 Annual rainfall variability from 1970 to 1912,
Source: TMA-Dodoma stalion (2013)

Despite the observed variations in annual raintaé analysis of rainfall pattern

shows major significant changes in the amount efuahrainfall over the past 18

years from 1995 to 2012. The linear equation iruf@gs (y= -4.5976x + 640.71)

showsthat the decreasing trend of rainfall from 1995212 is three times the

decreasing trend from 1983 to 2012 (y = -1.506548.46) as presented in figure 6.
Thereforethe rainfall has been decreasing at an increasingoatbe past 30 years.

The agricultural communities in the study arealikedy to become more vulnerable
and their livelihoods are adversely affected witis rate.
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Figura 5: Annual rainfall trend from 1935 o 2012,
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These findings were supported by the findings ofnlylcet al., (2010) [12] which
also reveal the decreasing trend of annual raimfalemi-arid Tanzania. Similarly,
Lema and Majule (2009) [13] establish decreasimgfatk trend in Manyoni district
of central Tanzania. To a large extent, the analgsirainfall from meteorological
data corresponded to tlexperiences of farmers so that 98.1% of the indeved
respondents from Hembahemba and 95.9% of the rdeptsfrom Manyata villages
confirmed the decreasing rainfall trend.

3.4 Agricultural commercialization in the district
Through consultation with Kibaigwa crop market auities, it was revealed th#te
agricultural commercialization in central Tanzaarad Kongwa district in particular
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was largely attributed bythe location of Kibaigwa international crop market.
Kibaigwa crop market is the country’s biggest cnogrket, selling crops both inside
and outside the country. The market started toatpefficially in 2004 and focused
mainly on the marketing of maize, although the paptraditional crops by then
were sorghum and bulrush millet. While maize wasdhly product to be sold in the
market in 2004, sunflower, groundnuts, pigeon peasypeas and sorghum were
introduced to the market between the years 2008-2D&spite the introduction of
other crops in the later years, maize was stilllileg in terms of both quantity and
marketability and it was followed by sunflower. Mat oriented production as well
as the focus on maizehich triggered shifts from thgroduction of traditional crops,
such as sorghum and bulrush millet, is what raésstions sincexdaptation is
concerned in the context of existing climatic chesg

3.5 Levels of specific crop commercialization

The analysis of Household Commercialization IndelCK) of the produced crops
from 2008 to 2013 showed many variations in ¢benmercialization among crops.
The analysis further demonstratéee variation between HCI and the marketability
of the analysed crops. The marketability should betonfused with HCI because
HCI is based on the amount produced to the praposihich is sold. On the other
side, marketability is based on theailability of a ready andeighbouring market.
Therefore, some crops were found to havega HCI despite being least marketable
while others were found to havelav HCI despite beindghighly marketable. For
instance, maize was the least commercialized cogprding HCI because it was
also the main food crop. Despite this fact, theufogroup discussion, interview with
key informants and field observation revealed thatze was the highly marketable
crop whencompared to other crops. The marketability of maizes influenced by
its demand at the Kibaigwa crop market and its rasme for themarket since it
could be sold throughout the year.

Generally, HCI ranged from 31% to 99%. HCI rangednf 51% to 97% in
Hembahemba village while it ranged from 31% to 98%lanyata village. It should
also be noted that HCI is affected by the amouatipced. When the production is
high, the HCI value also becomes high. Therefbrgher agricultural production in
Hembahemba village leads to a higher HCI valueeth&he summary of average
HCI of maize, sunflower, pigeon peas and groundrintghe two villages is
presented in Figures 7 and 8.
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3.6 Influence of agricultural commercialization on change in crops/crop
varieties

According to URT (2010) [14], Kongwa district becamna centre for colonial
activities in 1942 following the establishment abgndnut estates. During an in-
depth interview, the village elders revealed thastrof the households preferred to
cultivate bulrush millet as the cash crop and semglas the food crop after the
independence. For instance, the name of the villelgenbahemba” originates from
the Kaguru tribe “uhemba” which means “sorghum”efidfore, sorghum was the
main food crop when life began in thidlage. When production in the area became
more commercialized, more cropsiich as pigeon peas, sunflower, sesame and
cowpeaswere introduced for commercial purposes. Most & Households also
chose to cultivate maize as a food crop rather 8@mghum. Similar results were
reported by Liwenga et al., (2009) [6] who reveatbd transitionfrom bulrush
millet, sorghum and bambara nuts as traditionatlfomps to maize, groundnuts,
cassava and sweet potatoes in Kondoa and Kongwedis
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3.7 Reflection of current crops/crop varieties on the adaptation to climate
change

The field survey revealed that some of the culddatrops and crop varieties were
less resistant to climate change and variabilityenvbompared to traditional crop
varieties. For instance, the cultivation of maizesvin the expense of sorghum which
was more resistant to drought than maize. Evengih®@0% of the respondents in
Manyata and 96% of the respondents in Hembahentibgas were aware of the risk
of cultivating maize in the expense of sorghancomma (but) they were influenced
by the market of maize. Majule et al., (2013) [&o argues that sorghum and its
short-term varieties in particular seem to adapll Wwet market for the crop still
needs to be developed. However, diversificatiom &k into account the other
crops, which were more resistant to climatic shpplests and diseases. Cultivation
of sunflower for commercial purposes largely cgoexled to the climate of the area
hence enabled the farmers to withstand climaticlstio

3.8 Influence of agricultural commercialization on changein farming systems
Traditionally, the Gogo that was the dominant tiilné&ongwa district until the early
1980s wasagropastoralists. Their popular farming system waged farming.
However, with the migration of Bena people who wire majority when this study
was undertaken, only 23.2% of the respondents imbiédemba and 29.7% of the
respondents in Manyata continued to raise catt@ellVer, majority of farmers who
still engaged in cattle rearing were reported tser@xen for farm and house works.
Focus group discussion with farmers also revealduat t agricultural
commercialization was responsilfor) from the expansion of farms hence land
scarcity for incoming farmers. This was furtheradpd to result into land business
whereby farmers who wished to expand their fielésersupposed to payrant fee
to land owners for each growing season.

3.9 Reflection of current farming systems on the adaptation to climate change

From the analysis of the farming systems, it wascaliered that transition from
mixed farming to crop based farming system incredke over dependence on crop
farming which in turn increased the vulnerabilioydlimate change and variability.
An in-depth interview with the indigenous villag&ers in both villages revealed
that mixed farming systems largely helped the farmerditersify their economic
sources and use farmyard manure to improve thiitfedf their farms in the past
30-40 years. This is supported by Singh et al (1994] who argue that the
application of organic materials like farmyard manweonsiderably improves the
physical properties of soil and nutrient uptakeomma resulting in greater growth,
yield and yield components.

Renting land for farming, which was a very commendency in both villages as
reported earlier, has two major implications. Fgsfarmers can not own land
permanently. This exposes them into risk of notitgvand to cultivate for some
growing seasons due to insufficient financial &apito pay a rent fee. Secondly, the
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use of land by outsiders leaves the villagers ksglland results in land conflicts.
This was confirmed during focus group discussiod hausehold interviews, from
which the villagers from both ofhe two villages reported the presence of land
related conflicts due to the tendency of sdam& owners to rent one piece of land to
more than one farmer as well as due to the invasidields in Kiteto district.

3.10 Influence of agricultural commer cialization on change in farming practices
From the household survey, the proportion of hookishusing hand hoe was found
to decrease in all two villages. The participantstiee focus group discussion
reported that thelesire to produce more crops due to market denrdheenced the
expansion of fields, leading to an increase in farmorkload. Mechanization was
reported to be the solution for increased worklokdwas further revealedhat
mechanization in both villages also influenced ¢hange of farming practices. For
example, “kubelega”, which is a traditional way farm preparation, involves
clearing the land and burning the wastes beforatipig The seeds are left in the
ground for the first rains. However, cultivationdaplanting are done during the
onset of first rains with the mechanization. Thepenses of households to farming
practice from both of the villages are presente@iahle 2.

Table 2: The response of households to farmingtipesc before and after the
establishment of Kibaigwa market (%).

Farming practice/village Hembahemba village MManvata village

in=55} (n=4%)
Before After Before After
Kihaigwa Kibaigwa Kibaizwa Kibaigwa

market market market mrarket
U'sing hand hoe ik ([ T35 163
Lizing tractors 0¥ 0E.2 8.2 T35
L'sing ox-plough 7:3 19.3 224 347
Using industrial tertilizers () L& 1 L&
Farm preparation { Kubelega) ) | .8 Q3.9 A
Staggered seed crop planting 8.2 58.2 R N

Timing of farm operations 0582 0x.2 1 100

—=
Source: Fiekdwork (2013).

3.11 Reflection of current farming practices on the adaptation to climate change

Some of the farming practices were found to beria With adaptation to climate
change and variability while others were not. Fasm&e able to cultivate large
pieces of land in a short period of time with megthation thereby increasing
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surplus production. The abandonment of land clgapractices (kubelega) brings
the opportunity to keep the fertility of soil by rgerving soil’'s micro-organisms
since farmers do not burn the wastes anymore.

Moreover, mechanization iseported to influence tillage practices. Tillage digc
plough increases infiltration rate by reducing aoef run off and the accessibility of
water and nutrients to cultivated crops throughpdeet penetration. Gwambene and
Majule (2010) [17] also acknowleddkat the use of tilling methods under proper
tilling implements, such as Magoye ripper, Sprikgnbe and Power tiller has the
ability to retain moisture in the soils for eveipgle rain drop available. Therefore,
the influence of mechanization on tillage practicealso concluded to be beneficial
to farmers.

On the other side, farmers are exposed to theofistariability of rain onset unless
weather forecast and access to it are improvedusedarmers do not put down the
seeds before the rain onset anymore because ofameahon. Furthermore, farmers
are able to cultivate several plots by differeimigiplanting dates which help them to
spread the risks of irregularities of rain onsetlemstaggered seed crop planting.
Few farmers areeported to abandon thmactice, the lack of which will make the
farmers more vulnerable to climate change and baitia

4. CONCLUSION AND RECOMMENDATIONS

The study has established that changes of raip&dterns, increasing temperature
and decreasing rainfall trends have negativelycedte agricultural production in the
area. Apparently, agricultural commercializatiorflianced several changes in
farming practices, mechanization and agriculturaput usage. Agricultural
commercialization influenced the abandonment ofestnaditional farming practices
and crops/crop varieties. Though some of the newstjmes and crops/crop varieties
had a positive implication on the adaptation tonelie change and variability, most
of them were found to expose the farming commusitire vulnerable to climatic
shocks. Nevertheless, crop diversification is k&b enhance adaptation in the
context of climatic changes and market forces. A@pdy, vulnerability to climate
change and variability were also found to be infkedd by lack of reliable and
accurate weather forecast. With regard to limitecu$ of this study on agricultural
commercialization, further research on the accdggiland reliability of weather
information in improving the adaptive capacity timate change and variability
among the farming communities of semi-arid envirentrwill be the right decision.
However, there is a need of providing regular trgjnto farmers on sustainable
farming methods, cropping patterns and farming tores in order to enhance
commercialization and adaptation to climate charkgethermore, the markets of
sorghum, millet, sunflower, cassava and other dmbtigjerant crops/crop varieties
should be improved to encourage more farmers ttivaté them and hence to
promote diversification to drought tolerant cropsfrvarieties. Besides, diversifying
farmer’s economic sources to reduce overdependemazop farming through the
promotion of mixed farming will be beneficial besauthe area has a high potential
for livestock keeping.
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