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Semi-Arid Central Tanzania

ABSTRACT

Aims: The study was conducted to investigate the imptioat of smallholder agricultural
commercialization onadaptation to climate change(adaptation) in Semi-arid Central
Tanzania.

Study design:(In this study) Descriptive survey and observational designs weed insthis
study. Moreover a commaanalytical design was used to analyze the trefhadiroate and
commercialization in the area.

Place and Duration of Study: Hembahemba and Manyata villages in Kongwa district,
Dodoma region, Tanzania were selected for the stlitlg study was conducted between
October 2012 and October 2014.

Methodology: A variety of methods were used in the study incigdiparticipatory
assessment techniques, field visits and househwigys. Primary data collection involved
the use of key informant interviews, household tjoasaires, focus group discussioms
commaand field observations. Secondary data were dellethrough literatureno comma
and documentary review. Temperature and rainfall f@m 1970 to 2012 were analysed by
simple linear regression performed using Microgodtel. Non-numeric data were codeutb
comma and analyzed by Statistical Package for Socialer®as (SPSS). Household
Commercialization Index (HCI) was used to analyels of agricultural commercialization.
Results: The experience of the interviewed respondents orfathand temperature trends
corresponded to the analysis of climatic data fftanzania Meteorological Agency (TMA).
The analysis indicated an increase of temperatugerate of 0.01370C annually for the past
42 years and a decrease of rainfall at a rate 962 mm annually from 1983 to 2012.
However a comma(between 1995 and®012,) rainfall decreased more rapidly at a rate of
4.597 mm annuallpetween 1995 and 201%utting agricultural sector into risk. On the other
side agricultural commercialization influenced metization and changes of agricultural
practices in diverse ways. Changescomma such as abandonment of mixed farming and
drought tolerant traditional crop varieties exposeel farmers into risks of climatic shocks
while changes on tillage practices and crop difieegion contributed to adaptation.
Conclusion: (The implications to adaptation are that agricultural diversification taking
into account combined climatic and market forces aad likely to further contribute to
resilience.)Taking into account the climatic changes and marketorces, it is likely that
agricultural diversification can further contribute to resilience.
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1. INTRODUCTION

Developing countries will account for about 85 pericof the 690 million ton increase in the
global demand for cereals between 1995 and 202d@d@en and Rosegrant, 1999) [Lhe
demand for food is likely to motivate farmers topesd to market needs, hencausing
agriculture to become(agriculture becoming) more commercialized. World Bank (2007) [2]
further reports that income growth and urbanizaiiordeveloping countries have enlarged
markets for agricultural commodities. As economiesw, there is a gradual but definite
movementfrom (out o) subsistencdarming (food crop production), no commato a



diversified market oriented production system (Ggh#988; Braun et al., 1994; Delgado,
1995; Von Panasat, 2011 cited 20 in Okezie eR@lL?) [3].

Alongside agricultural commercialization, climateange and variabilityre (is) also posing

a challenge in trends and patterns of agricultuwddwide. According to the recent review of
IPCC, global agriculture faces the prospect of givam climate thatnay (might) adversely
affect the goal of meeting global food needs indbeing decades (Gitay et al., 2001) [4].
(In) Sub Saharan Africa, where climate change hasiratiected ands expected to affect
more of the rural communitiesthat (who depend in) depend on agriculture for their
livelihood, agricultural commercialization caaffect) positively or negativelyaffect
adaptation to climate changéadaptation) due to its influence on farmer’s decision.
Analysis of trends in agricultural producti¢ior instance) like maize production in Tanzania
according to URT (2007) [5] shows thawith) the increase in temperature and reduced
rainfall as well as change in rainfall patter(e/erage yields)will decreaseaverageyields

by up to 84% in the central regiorns.despite of these projections, the study done in Do
region no commaof central Tanzania by Liwenga et,ahlo comma(2009) [6] revealed the
expansion of maize fields and the change of cropetit@s as a result of agricultural
commercialization. According to this studypefore 1990)only about 17.5% of the farmers
had maize fields of more than 20 acres (8hfpre 1990while (in 2009) about 24% had
maize fields bigger than 20 acres (8ma009 Apparently, drought that occurred in the late
1970s in Dodoma, central Tanzania causedmaize prices to increase sharply hence more
land was allocated to produce maize (Kaliba etl@98) [7].

The response to marketquires (needs)informed farmers who are aware e climate
change and its associated risks. This study wagrdss primarily to develop the implications
of agricultural commercialization othe adaptation to climate changgadaptation) for
communities located irsemi-arid areas ofentral Tanzania. Significantly, the study was
designed to establish how commercializat{onuld) can take into accounthe adaptation
strategiegin order) to improve(agriculture) agricultural production and financial ability of
semi-arid communities under changing climate.

2. METHODOLOGY

2.1 Study area

The study was carried at Kongwa distriob commawhich is located in Dodoma region,
central Tanzania. The district lies between the gmagcal coordinates of 6° 12' 0" S, 36° 25'
0"E/6°20 0"S, 36° 41" 7" E. It is borderedtie north by the Manyara region, to tkast
by the Morogoro region, to treuth by the Mpwapwa district and to thest by the Dodoma
rural district.

As a wholecentral Tanzanigas a whole)including Kongwa district is categorized as a semi
arid zone with a savannah climatéich characterized by a short rainy period between
November and May. The microclimate of Kongwa dcstis greatly influenced by its altitude.
The mean temperature is about 26)6, no comma but (at times) temperature can
sometimesgo down to as much as(D)JC. The annual average rainfall is 450 mamcomma
whereas the average relative humidity is 70% (Getanet al., 2007) [8]. According to
(Tanzania 2012)the population and housingensusof Tanzania in 2012 Dodoma region
has a population of 2,083,588 people with 309,9@8pfe living in Kongwa districino
comma which accounts for (accounted to)about 14.88%. Majolivelihood activities in the
area are farming and livestock keepir{f.conomically) The area is also very popular
economically due to the presence of Kibaigwa international crogrket. The area was
purposively chosen due to its vulnerability to citem change and the ongojng comma
large-scale agricultural commercialization. Hembabe village located at Njoge ward and



Manyata village located at Ngomai ward were setbébe the study. Selection of the villages
was based on social economic activitiesch as(particularly) farming being the primary
source of livelihood, diversity of cultivated croverity ofthe impacts ofclimate change
(impacts) and access tine market.

2.2 Sampling procedure

The study mainly used two types of sampling tech$ga comma namely purposive
sampling and systematic random sampling. Purpasavepling was used to seldbe key
informants,the participants of the focus group discussion dredindividuals for an in-depth
interview. With the assistance (the) village and sub-village chairmen, systematic rando
sampling was used to select the households fromsdimlid lists to constitute the sample. A
sample proportion of about 7% of the householdsaich of the two villages was used foe
household interviews. According to Black (2004),[8ampling through thigsampling)
technique starts by selecting an element fromigtel random and then every kth element in
the frame is selected using the following formuiawn 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 &sleto constitute the first item in the
sample foithe household survey followed by every Kth unit asvehan Table 1.

Table 1:The proportion of sampled respondents in the study géfa

Village Total number of Sample size Interval size

Households (N) (m=0.7%N) (K=N/n)
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 collectedrfrdifferent sourcebecause ofDifferent
data sources were used due Ydhe variation in the nature of data required. rEéf@e a
comma several data collection techniques wéakso) used.(depending on thenature of
data required.) The data were obtained from farmers, Tanzania MeteorcdédgAgency
(TMA), officers of agricultural extensiorfofficers), Kibaigwa crop market and literatures.
Data collection methods ranged from literature gleg) and participatory assessmerits(,)
field observations and interviews. Unstructured stioes were used during focus group
discussion and key informant interviews. Structurgdestions were used to collect
information at household level.

2.4 Analytical Procedure

Temperature and rainfall trends from 1970 to 20E2enanalyzed by simple linear regression
analysisthat was performedby using Microsoft Excel. Non-numeric data were cqded
summarized and analyzedy using Statistical Package for Social Sciences asjsteeet.



Household Commercialization Index (HCI) was usedralyzethe levels of(crop) specific
crop and total agricultural commercialization (Equatign The index measures the ratio of
the gross value of crop sales by household (hh)year j to the gross value of all crops
produced by the same household (hh) i in the saraejyexpressed as a percentage (Martey,
2012)[10].

HCIL;=

Gross value of crop sales hh; year; J 08
e 100%%

Gross value of all crop production hh; vear;

The index measures the extent to which househad production is oriented toward the
market. A value of zero signifies a totally subesigte oriented household and the closer the
index is to 100, the higher the degree of commkzait@on (Martey, 2012) [10]. Total
agricultural commercialization was obtained by figdthe average HCI for all households
per year from 2008 to 2013 in each village with liedp of Microsoft Excel. Thereafter the
average HCI for six years was calculated for eatthge. The advantage of this approach is
that commercialization is treated as a continuuenethy avoiding crude distinction between
“commercialized” and “non-commercialized” houselso(artey, 2012) [10].

3. RESULTS AND DISCUSSION

3.1 Temperature trends

According to the data obtained from Dodoma stationof TMA, the analysis of
temperature (according to the data obtained fromTMA, Dodoma station) showedan
increase in temperature (an increasing amount of temperature)from 1970 to 2012.
Minimum temperature increased at a higher rate .Q&&B8x + 16.5 where R2 =0.310&)s)
when compared to maximum temperature (y=0.0091x + ZBwRere R2 =0.0929) as shown
in Figure 1. Generally temperature increased griaduAnnual average temperature from
1970 to 2012 increased by y=0.0137x + 22.615 wR&re0.2341 (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.
Source: TMA-Dodoma station (2013).

Similar observations were made by Mary and Majg@0@) [11] whose analysis ¢dinnual)
average annual temperature from 1984 to 2004 in Manyoni distebhbwed an increase of
average a commaannual temperature by 0.7°C. This observation ithéu in accordance
with (to) URT (2007) [5] in its National Adaptation Programrof Action (NAPA), which
reports the upward trend of monthly minimum and imaxn temperatures over the last 30
years (between 1974 and 2004). The findings weie @nfirmed by 52.7% and 46.9% of the
respondents from Hembahemba and Manyata villagepectively. The respondents
claimed to experience the increase in temperaturenitheir villages. (who claimed to
experience the increase in temperature in their rggective villages.)

3.2 Monthly rainfall patterns

Analysis of monthly rainfall patterns showed greatiations oronset(on-set)and cessation
of rainfall. The participants of the focus group discussion meigned that the rainfall
began in October and ended up in May in a normal yar. (According to participants of
the focus group discussion, in a normal year rainfbegun at October and ended up at



May.) Rainfall was reported to reach theak(at) in December before it droppedvay (at)

in February when weeding took place. It was therea#iported to increase agajap to)
until March before it droppedway and ended in May. According to meteorological data
very little rainfall (vas recorded in 1970s)which was belowhe average throughout the rain
seasonwas recorded in 1970sIn 1980s, rainfall began nearft the end of October;
however) However, it remained higher abowibe average throughout the season ex¢apt
February when it droppedway to belowthe average.The rainfall ended(at) in May as
usual(; therefore) so thatthe farmers experienced a short growing seasom s@ime pattern
as (that of) the one in1970s was recorded in 1990s except in Februaryniliee rainfall
deviated positively and higher abotlee average,(something) a situation (,) which was
unusual,) compared to other years.

In 2000s rainfall went far higher abotres average in December and lower beliw average
throughout the rain season. There was also a divaqp (of) in the amount of rainfall
(rainfall amount) from March to April and ended up earlier than uisTiberefore (in 2000s,)
farmers experienced a short growing seasatD00s Generally the trend showed the shift of
rain onset (on-set) from October to November and the shift in cessatrom May towards
April, hence shortening of the rain season (Fi@)re
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Flgur{-e 3. Vanahans of maonthly rainfall disinbubion from 1970 1o 2012
Source: TMA-Dadama station (2013)

These findings alsacorrespond (corresponds) to the experience of farmerso that
(whereby) 98.2% of the respondents from Hembahemba villagkel®0% of the respondents
from Manyata village claimed to experience earlgsagion of rain season in recent years. The
same case is reported in Manyoni distrigntral Tanzaniavhere (whereby in the past,)
rainfall used to start in October arfthdes) faded away in Mayin the past. (while)
Currently, the onset of rainfall has shifted from OctobemMovember andthat) the rainy
season is shortea commaending in March or April (Mary and Majule, 2009)1]).

3.3 (Annual rainfall variability) Variability of Annual Rainfall
(Generally) Dodoma region isgenerally subject to frequent droughticcording to
meteorological data from TMA, average annual rainfall from 1970 to 2012 was fotmde



575.14mm(according to meteorological data from TMA.)However a comma(in 1970s)
the area received annual average rainfall of 528r02n 1970s which was belowthe

average. The average annual rainfall between 18821889 was found to be 611.9mm
comma (while) 572.8mm between 1990 and 1999 and 584.9mm bet2@ed and 2012
(Figure 4).
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Figure 4: Annual rainfall variability from 1970 to 1912,
Sourea: ThMA-Dodoma stalion (2012)

Despite the observed variations in annual rainfa#,analysis of rainfall pattern shows major
significant changes ithe amount of annual rainfallamount) over the past 18 years from
1995 to 2012. The linear equation in Figure 5 (#5976x + 640.71 no comma (show)
showsthat the decreasing trend of rainfall from 199322612 is three times the decreasing
trend from 1983 to 2012 (y = -1.5062x + 618.46)passented in figure 6. Therefora
commathe rainfall has been decreasing at an increasingoathe past 30 yearéWith this
rate,) The agricultural communities in the study ar@meere) are likely to become more
vulnerable and their livelihoodse adversely affectedith this rate.
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These findings weréalso) supported by the findings of Mongi et al., (20113] which also
reveal the decreasing trend of annual rainfalkami-arid Tanzania. Similarly, Lema and
Majule (2009) [13 no commaestablish (establishes)decreasing rainfall trend in Manyoni
district of central Tanzania. To a large extetite analysis of rainfall from meteorological
data corresponded ttarmer’s) the experiencesf farmers (whereby) so that 98.1% of the
interviewed respondents from Hembahemba and 95.B%eorespondents from Manyata
villages confirmed the decreasing rainfall trend.

3.4 Agricultural commercialization in the district

Through consultation with Kibaigwa crop market auities, it was revealed thato comma
the agricultural commercialization igentral Tanzania and Kongwa district in particulasw
largely attributedby) to the location of Kibaigwa international crop marki€tbaigwa crop
market is the country’s biggest crop mark@thich sells) selling crops both inside and
outside the country. The market started to opevéfteially in 2004 and focused mainly on
the marketing of maizea comma although the popular traditional crops by then ever
sorghum and bulrush millefln 2004, for instance) While (only) maize wasthe only
product to be sold in the market 2004, (. Between 2005 and 2010sunflower, groundnuts,
pigeon peas, cowpeas and sorghum were introd(ingdo the marketoetween the years
2005-2010(However,) Despite the introduction of other crojpsthe later years maize was
still leading in terms oboth quantity and marketabilitgnd it was followed by sunflower.
Market oriented production as well as the focushaize a comma which triggered shifts
from the production of traditional cropsa commasuch as sorghum and bulrush millet
comma is what raises questiorfas far as)since adaptation is concerned in the context of
existing climatic changes.

3.5 Levels of(crop specific)specific cropcommercialization

The analysis of Household Commercialization Index (HGfixhe produced crops from 2008
to 2013 showeda lot of) many variations inthe commercializatior(between)among crops.
The analysis further(showed) demonstrated the variation between HCI andhe
marketability of the analysed cropShe marketability should not be confused with HCI
because HCI is based on the amount produced faréfp@rtion nocommawhich is sold. On
the other sidea commamarketability is based orne availability of a ready andyvicinity)
neighbouring market. Thereforea commasome crops were found to hawehigh HCI



(while) despite beingleast marketable while others were found to havew HCI (while)
despite beinghighly marketable. For instance, maize was thetleammercialized crop
according HCI because it was also the main food.c¢kdowever, despite of being the least
commercialized crop,) Despite this fact,the focus group discussion, interview with key
informants and field observation revealed that maims the highly marketable crogen
compared to other cropshe marketability of maize was influenced by its demdsat the
Kibaigwa crop market and its assurancetfar market since it could be sold throughout the
year.

Generally, HCI ranged from 31% to 99%biCI in Hembahemba village was found to be
higher than in Manyata village.) (In Hembahemba village)HCI ranged from 51% to 97%
in Hembahemba villagewhile it ranged from 31% to 99% in Manyata village. It should also
be noted that HCI is affected by the amount produtéhen the production is high, the HCI
value also becomes high. Thereforecomma(because agricultural production was high)
higher agricultural production in Hembahemba villagead to ahigher HCI value there.
(than in Manyata village, so did the HCI.) The summary of average HCI ofaize,
sunflower, pigeon peas and groundnuts in the tWagas(are) is presented in Figures 7 and
8.
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3.6 Influence of agricultural commercialization onchange in crops/crop varieties
According to URT (2010) [14]¢historically) Kongwa district(started as)becamea centre
for colonial activities in 1942 followinghe establishment of groundnut estatéis-depth



interview with) During an in-depth interview, the village elders revealed thdafter
independence)most of the households preferred to cultivate dsiirmillet as the cash crop
and sorghum as the food crejfter the independence For instance, (In Hembahemba
village) the nameof the village “Hembahemba” (itself) originates (originated) from the
Kaguru tribe “uhemba” which means “sorghum”. Therefa commasorghum was the main
food crop wherithe) life began inthe village. (begun.) When production in the area became
more commercializeda commamore cropssuch as pigeon peas, sunflowesesame and
cowpeaswere introduced for commercial purposgscluding pigeon peas, sunflower,
sesame and cowpeasMost of the households algpurned into) chose to cultivate
(cultivating) maize as a food crop rather than sorghum. Simédaults were reported by
Liwenga et al., (2009) [gho commawho revealed théchange)transition from bulrush
millet, sorghum and bambara nuts as traditionall fomps to maize, groundnuts, cassava and
sweet potatoes in Kondoa and Kongwa districts.

3.7 Reflection of current crops/crop varieties onthe adaptation to climate change
(climate change adaptation)

The field survey revealed thaho commasome of the cultivated crops and crop varieties
were less resistant to climate change and vatighbilhen compared to traditional crop
varieties.For instance, thecultivation of maize was in the expense of sorghamcomma
which was more resistant to drouglitan maize (condition compared to maizg.
(According to findings) Even though90%of the respondents in Manyataand 96% of the
respondents ifManyata and) Hembahemba villaggsespectively)were aware of the risk of
cultivating maize in expense of sorghuthey were influencedby the market of maize.
(They were however influenced by thenarket of maize.) Majule et al., (2013) [15] also
argues that sorghuin particular) and its short-term varieties particular seem to adapt
well but market for the crop still needs to be deped. Howevera comma(on the other
side) diversification also took into account tliher crops no commawhich were more
resistant to climatic shocks, pests and diseasesltiv&tion of sunflower for
(commercialization) commercial purposeslargely corresponded to the climate of the area
hence enabled the farmers to withstand climaticlsho

3.8 Influence of agricultural commercialization onchange in farming systems

Traditionally, a commathe Gogowho were)that wasthe dominant tribe in Kongwa district
(up to) until the early 1980s(1980’s) (were) was agropastoralisty Therefore the) Their
popular farming system was mixed farming. Howewecommawith the migration of Bena
people who were the majority when this study wadentaken, only 23.2% of the respondents
in Hembahemba and 29.7% of the respondents in Marmyatinued to raise cattle. Moreover,
majority of farmers who still engaged in cattlerieg were reported to raise oxen for farm
and house works. Focus group discussion with fesnadso revealed that agricultural
commercialization was responsil§fer) from the expansion of farms hence land scarcity for
incoming farmers. This was further reported to Iteisto land business whereby farmers who
wished to expand their fields were supposed toguant fee to land owners for each growing
season.

3.9 Reflection of current farming systems orihe adaptation to climate changgclimate
change adaptation)

From the analysis of the farming systems, it wasaliered thafshifting) transition from
mixed farming to crop based farming system incrédke over dependence on crop farming
which in turn increasectheir) the vulnerability to climate change and variabilityn An-
depth interview with the indigenous village eldarsoth villages revealed théh the past



30 to 40 years,)mixed farming systems largely helped the farmeidiversify their economic
sources and use farmyard manure to improve thgitfedf their farmsin the past 30-40
years This is supported by Singh et.,aho comma (1994) [16] who argue thathe
application of organic materia{such as)like farmyard manure considerably improyssil
physical properties)the physical properties of soil and nutrient uptake 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 implicationgFirst) Firstly, farmers(could) can not own land
permanently. Thigexposed)exposeshem into risk of not having land to cultivate fome
growing seasons due to insufficient financial &pito paya rent fee. Secondlythe use of
land (to be used)by outsiderdeaves thevillagers landless and results in land conflicts
(leaving the villagers landless was the second risiad would result into land conflicts.)
This was confirmed during focus group discussiot kousehold interviews, from which the
villagers from bothof the two villages reported the presence of land relatadlicts due to
the tendency of som@gandowners) land ownersto rent one piece of land to more than one
farmer as well as due tbe invasion of fields in Kiteto district.

3.10 Influence of agricultural commercialization onchange in farming practices

From the household survey, the proportion of hoakkshusing hand hoe was found to
decrease in all two villages. (During focus grougcdssion)The participantsof the focus
group discussionreported thatno commathe desire to produce more crops due to market
demand influencedhe expansion of fieldsleading to an (hence) increase in farrs
workload. Mechanization was reported to be the belsition for(the) increased workload. It
was further revealethrough focus group discussionthat mechanization in both villages
also influenced the change of farming practidest example, “kubelega”, which is a
traditional way of farm preparation, involves clearing the land and burning the wastes
before planting. The seeds aréeft in the ground for the first rains. However, cultivation
and planting are done during the onset of first rans with the mechanization.(including
farm preparation traditionally known as “kubelega”.) Kubelega involved clearing the
land and burning the wastes before planting. Thereiger, the seeds were left in the
ground for timing the first rains. With mechanization, cultivation and planting were
done during the onset of first rains.)The responses of household$iousehold responses)
to farming practice from bothf the villages argdetailed) presented in Table 2.

Table 2:The response of households to farming practices befodeaéter the establishment
of Kibaigwa market (%).



Farming practice/village Hembahemba village Manvata village

{n=55} (n=49)

Before After Before After
Kibaigwa Kibaigwa  Kibaigwa Kibaigwa

market market nmarket market

LUlsimg handd hoe el ([ 733 1653
Lising tractors S h] 5.2 8.2 73.5
Lsing ox-plough 7.3 19.3 224 347
Using industrial tertilizers 0 ] 1 ]

Farm preparation { kubelega) R 1] 1.8 93,9 ALG
Staggered seed crop planting T8.2 58.2 Q3.9 9.8
Timing of farm operations 05.2 be.2 Ty LR}

Source: Fioldwork (2013).

3.11 Reflection of current farming practices orthe adaptation to climate changdclimate
change adaptation)

Some of the farming practices were found to benie With adaptation to climate change and
variability while others were not(With mechanization,) Farmers (were) are able to
cultivate large pieces of land in a short periodiroke with mechanization thereby increasing
surplus production(Also, with the abandonment of land clearing practes (kubelega)
farmers were no longer burning the wastes thereforsoil fertility was able be sustained
by conserving soil micro-organisms.)The abandonment of land clearing practices
(kubelega) brings the opportunity to keep the fertity of soil by conserving soil’'s micro-
organisms since farmers do not burn the wastes anyore.

Moreover a comma (according to Agricultural Extension Officer of dd¢je ward,)
mechanizationwas) is reported to influence tillage practices. Tillage digc plough(was
reported to increase) increases infiltration rate by reducing surface run off aride
accessibility of water and nutrients to cultivatetbps through deep root penetration.
Gwambene and Majule (2010) [[L1ho commaalso (acknowledges)acknowledgethat the
use of tilling methods under proper tilling implemt® a commasuch as Magoye ripper,
Spring Jembe and Power tiller hiag ability to retain moisture in the soils for evesingle
rain drop available. Therefogre commathe influence of mechanization on tillage practice
(was)is also concluded to be beneficial to farmers.

On the other side, farmers are exposed to the riskf variability of rain onset unless
weather forecast and access to it are improved begse farmers do not put down the
seeds before the rain onse{since the farmers were no longer putting down theseeds
prior to rain onset, they were then exposed to thesk of variability of rain onset unless
weather forecast and access of weather informatioare improved.) (In addition, under
staggered seed crop planting)Farmers (were) are able to cultivate several plots by
differentiating planting dateshich help them to spread the risks of irregularites of rain
onsetunder staggered seed crop planting This helped the farmers to spread the risks of
irregularities of rain onset.) (Although) Few farmergwere) are reported to abandofthe)
this practice (without an alternative measure of timing rain onsg) the lack of which will
make the farmers morevulnerable to climate change and variability.(farmers would
become more vulnerable to climate change and varidlty.)



4. CONCLUSION AND RECOMMENDATIONS

The study has established that changes of raipifterns, increasing temperature and
decreasing rainfall trendsio comma(has) have negatively affected agricultural production
in the area. Apparently, agricultural commercialma influenced several changes in farming
practices, mechanization and agricultural inputgesaAgricultural commercialization has
influencedthe abandonment of some traditional farming pract@ed crops/crop varieties.
Though some of the new practices and crops/croties had a positive implication ahe
adaptation to climate change and variability, naishem were found to expose the farming
communities more vulnerable to climatic shocks. &ttheless, crop diversification is likely
to enhance adaptation in the context of climatiangfes and market forces. Apparently,
vulnerability to climate change and variabil{tyas) were also found to be influenced lyck

of reliable and accurate weather forecast (unreliable and lack of timely weather
information) (Therefore because the conclusionyVith regard to limited focus of this
study on agricultural commercialization, further research on the accessibility and
reliability of weather information in improving the adaptive capacity to climate change
and variability among the farming communities of seni-arid environment will be the
right decision. (is limited to agricultural commercialization the sudy suggests further
research on accessibility and reliability of weathe information in improving the
adaptive capacity to climate change and variabilityamong the farming communities of
semi-arid environment.)

However a comma (in order to enhance commercialization and climatechange
adaptation,) there is a need of providing regular training donfers on sustainable farming
methods, cropping patterns and farming practiocesrder to enhance commercialization
and adaptation to climate changeFurthermore, the markets of sorghum, millet, Ewnér,
cassava and other drought tolerant crops/croptiegishould be improved to encourage more
farmers to cultivate thenand hence(promoting) to promote diversification to drought
tolerant crops/crop varietieBesides, (Also) diversifying farmer's economic sources to
reduce overdependence on crop farming thro(glomoting) the promotion of mixed
farming will be beneficial because the afeaalso very)has a highpotential for livestock
keeping.



