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Abstract

Farmers at Chorie, North Wollo, are smallhoklengaged in a mixed creprestocksystem.
In Ethiopia, smallholder crelvestock farming systeaproduce about 90% of the total grain
production and keep 70% thdivestock. Mixed farming systeswalso supporttwo-third of
the world population. Despite the importance of the systetime tradeoffs betweenfood
and feed productior are major constraintsfor systemsustainability.The generalobjective
of this studyisto exploreand analyzecrop residue and manure management practiead
their influenceon farm productivity Data on resource klcation and other soci@conomic
aspects were gathered using sestiuctured questionnaire. @rent biomass productionN
content and digestibility o€rop residue (teff straw and different parts of sorghum stover)
and soil nutrient status of the areaere studied from fields ofisteen farmers Yield céta
were collectedat normal harvesting period of the main cropping seabgrntaking samples
using quadrants of sizes 0.25for teff and 1nf for sorghum Soil sampleswere performed
using Edelman augerdm the top 0-30 cm depth Different varieties of teff and sorghum
were sampled. Accordinglyfrom teff varieties, Sikuar magna produces higher grain
(P=0.001) and both Sikuar magnaand Abat magnaproduce higherstraw (P=0.000)yields
However, Tikurie showed higher straw digestibility thanAbat magngP=0.040) From
sorghumvarieties, Jigurtie produces higher grain yield£0.000)whereasAbola produces
higher stover yieldP=0.000) In N content significant differences were observed aaf
sheath P=0.023), middle and lower stem part$£0.014; 0.036 respectivglywhereas in
digestibility, differences areonly at lower stem partsR=0.029) High percentage of maize
and sorghum grains are used for hon@@nsumption but teff grains usedfor sale.About
90% ofteff straw, 74%sorghumand 81% ofmaizestovers areused for livestock feedas
stubble grazing and stall feedind\llocation ofsorghumstover for fuel is high next to
livestock feed. Manursharingis about 46% and 28%or fuel andfor fertilizer respectively
the remaining is left utiused Nutrient contents and physical structures of arable plots are
declining To reverse this situation, farmers should retain about 70% of crop residues in the
field; but retention should ensure incorporation inthe soil Scarcitieof feed, fire wood,
labor, gender ofa householdheadand open access to crop residues are influencing factors
for making decisios. Therefore, the study area needs strong interventions: a) increase
biomass productionto satisfy tle competing uses of crop residyes) improve manure
usage adertilizer, c)enhancesoil and water conservation practices, diyersifyalternative
livestock feedsand energy sourcesand € introduce legal support for crop residues
property right and foland renting/sharing agreements.

Key wordscrop residuefeed; livestockmanure soil fertility; farm type main crop plots
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Chapter 1 Introduction

1.1 Background information

Farmers at Chorie, North Wollo, are smallholders engaged in a mixedivesfpcksystem.

Small holder croflivestock systemare dominant in Ethiopia. In the countrthese systens

produce about 90% of the totglrain production (Anderson, 1987; Jagtap and Amissah,

1999) and keep about 70% of the livestock (Shitahun, 2009). One can see the potential of

this smallholder crogivestock integrated farming to provide food and feed to pe@pl@

livelihood in the countryThe systemmalso play significant role in other parts of the

developing world. According to Herrero et @010), mixed croiivestock farming system
adzLILIR2 NI GKS 62NIXI RQa ™ 0Af f Athigd (2R)DRHeIgIbI&I 2 LI ST
populationlive in small holder crofivestock systems.

Croplivestock integrated farming is complex and dynamic with many interacting biophysical
resources (Mark et al., 2009) and seeimnomic factors. Prodtivity and sustainability of
asystem depends on apppriate decision®n resource allocations on to the different
sectorsand efficient use of available resources. Key resources that can form constraints for
crop-livestock systems include land, livestock, fdafor, soil nutrients, cash and market
(Gilleret al., 2006; 2009). Decisions threseresources are influenced by a number of

factors such as rainfall, tenure security, household endowmeditsdlco et al., 2010),

gender, as well as short term and long term neetihouseholdsSince the most

resporsible person to make decision is the head of the household, gender of the head of the
household is an important factor for resource allocation.

In the study area, Chorie, there are households headed by different genders (male or
female). Males are the domant decision makers on land managemantivities selection
of crop varieties management otrop residues and livestoglctivities. Females in male
headed householsido not make decision independently; sometimes they decide jointly
with their husband. male headed households depend on decisions of family members
(son/daughter if available) or land tillers/shareholder¢hen £male headed households
rent out their crop landthe renterdo not worry about fertility management of rented plots
aiming at sha-term benefits. Likewise, lands given for share are managed after all land
activities are performed for the private plots so that there is a delay in the timing of land
preparation, weeding and harvesting activities for the shared plots. Delayed landies
also influence the type of crop to be plantedhich determines the yieldt the end As a
resultof these productivity and sustainability of rented/shared plots is at risk.

Different varieties of teff Eragrostis teff, sorghum Sorghu bicoloL. Moench)and maize
(Zea maysL) are grown in the areal'he availability oélternativevarieties increases

FINYSNAQ FtSEAOAfAGE (2 NIBa&LIJ Ricdiepal 200 Y I G S =

For example, &rmers at Chorieillage plant Bunign (earlymaturing teffvariety)if they
expect food shortage at September and October. Otherwise, they plant market demanded

1
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@ NASKuaemagna Wariety selection for sorghum depends on rain fall. High yielding
varieties AbolaandJigurti@ requirelonger periods to mature. They can be planted if there
is sufficient rairin April and May. The low yieldifmit early maturing varietyVedhakiris

used asn alternative if there is faife of rain in these monthd$Jostly, teff grain isused for
sale wheeas,sorghumand maize grains anesed for home consumption. Residues from
both teff, sorghumand maizecrops are mainly used for livestock feed. Moreover, sorghum
stover isalsousedas energy source for cooking in theuse.

In the northern part of Etlupia, where there ipastureland, 45% of livestock feed is

derived from crop residues (Berhanu et al., 2002). However, in areas where there is limited
pastureland, crop residues account over 90% of total livestock feed including stubble
grazing and stafeeding (de Leeuw, 1997). Farmers at Chorie, havpastureor grass land

for their livestock year round feed supply. The@sture area is common reserf@

selective grazing (high value livestock like a milking cow or an ox) aeg$eedrshortage in

the rainy season (in the period when farmers have exhausted the stored straw/stover and
green fodders are not ready yet to fill the gap). Hence, crop residues form the single most
important feedsource for farmers in the are&rop residues aralsohighly demanded
livestock feed in other parts of the developing world, especially in-semizones (Latham,
1997; Adrian, 1997; Powell and Williams, 1993)

At Chorie, farmers cut the residues close to soil surface during crop harvesting, separate the
grain by threshing, transport it to homestead and store for later use. The part of crop

residue left in the field is subject to repeated grazing during the prolonged dry season
(November to June; but livestock get sufficient amount of feed by grazing on cropessi

only up to February). The main reason for using crop residues for livestock feed is because
of the limited availability of range land and the existing livestyges Farmers at Chorie
keepcattle, sheep, goat, camel and donkey; sometimes farmersamposition of two or

three livestock types but most of the time they have only one type. Few farmers own small
ruminants such as sheep and goat, and pack animals such as camel and donkey. Sheep and
goat normally obtain their feed from grazing on pastlaeds throughout the year. The
decreased number of these animals could be due to shrinkage of pasturedardfactor of
increasing land cultivation due ttuman populatiorincrease.

The dominant livestock owned by farmers at the study area is locaticattle Raya

breed. According tdRufino (2008)cattle arealso the mairivestocktype in other African
smallholder crogdivestock systems. Cattle have the ability to digest low quality feeds and
roughages (Williams et al., 1997). They graze stublilee field after main crop harvesting
and also feed in stall the stored residues (mainly in the months March to August with
increasing order)



This research is part of the SILRI $ystem widelivestockProgram: International Livestock

Research Instit S0 NB &Sk NOK LINRP2SOG SyiAdGdt SR ahLIWGAYA
benefits from crop residues in smallholder crlbgestock systems in seBaharan Africa and

{2dziK ! @AY NBIA2Yy Il OlcanBuctdrasdzircht Séuth africh,y | F NA C
West Africa and East Africa. Kenya and Ethiopia ar&keAfrica countries for the project.

In Ethiopia there are two sites: Nekemte (wer® Ethiopia) and Kobo (NorEastern

Ethiopia); at each site eight villages are selected. This thesis explam@adasystem at

Chorie village, one of the eight selected villages at Kobo site. The village a$ the two

nearnear (near to marketnear to road access) villages. In the village, farmers settled on

higher slopes following the contour of the mountairheir main arable plots are far from

home. M3gority of the farmers own less than 1t of land.

In the study aea, farmers depend on crop residues for their livestock fimedugh direct
grazing in the field anuh stallafter livestock clear stubblesyd when crop lands are

planted. However,heydo notapply soil fertility inputs such as manure or chemical fertilizer
to the main arable plots. In crefprestock farmingnutrient cycling of crop residues in to
manure (Harris 2002; Zingore et al., 2008amaddar, 2008joverns system sustainability
but farmers in the study aredo not sufficientlyuse manure for soils while they total
dependon crop residue fotheir livestock feed Furthermore, they ussorghum stoveas
energy source for cookinglhis practicewithout soil amendmenstrategiesresulted in

sevee soilfertility degradation. This report presentsvestigation ofcurrent biomass
production andcrop residue and manure management practioégarmers atChorie

village, North Wollo, Ethiogi Furthermore it describedactors that are influencing I N S NA Q
decisions andindicatesthe longterm impacts of current practicesn soil fertility and land
productivity status

1.2Research questions

1. How important arecrop residus and manurefor farm productivity in smallholder
crop-livestock system?

2. What is the current crop residue and manure management practice of farmers at
Chorie village? Are there differencasongfarm types or not?

3.2KFG INB AyFEdzSyOAy3I FI OG 2 alBEcatidre? NJ F I NY SNA C

4. How important is the influence ofurrent crop residue and manure management
practiceson futureland productivity?

1.3 Objectives

General objective the general objective of this research isexploreandanalyzehow crop
residues and mamure management practices influence farm productivity in smallholder
crop-livestock farming systems.



Specific objectivesthe specific objectives of this research are:

1 To review literatures on the role of crop residues and manure in a mixed farming
system

1 To characterizéhe farming system (cropand livestock)of Chorie village

Toquantify biomass productigranalyzeN content and digestibility of crop residues

f ¢2 dzy RSNERGFYR FTIFINYSNBQ NB&az2dz2NOS [|ft20I7
influencing factors fodecision makings

1 To assess loagrm impact of crop residues and manure management practices on
land productivity

=



Chapter 2 Literature review
2.1 Role of crop residues ativestock eed

According to Zingore et al. (2007a), livestock have multipletfans in the economy of
smallholder farms in suBaharan Africa. To mention few of the benefits, they are major
capital investment, play significant role in food security through products such as milk and
meat; they provide labor for land cultivation atitteshing, and they add nutrients to soils
through manure (Tangka et.aP000; Herrero et al., 2010). Furthermore, livestock play
significant role in recycling nutrients from pasture lands and grazing stubbles to arable plots.
The economic and social uak of livestock ensure their importance in the mixed

production system. However, feed shortage due to land use changes from grazing/pasture
lands to crop lands caused by population growth (Anderson, 1987; Berhanu et al, 2002;
Harris, 2002; Ebanyat et a2010) limits the number and type of livestock. The problem
forced farmers to shift their feeding strategy from pasture/range source to crop residues.

Crop residues are considered asgrpducts in crop production activities but they are vital
source oflivestock feed in the mixed crdprestock system (Williams et al., 1997). Crops
provide residues (straws/stover) and-umarketable surpluses to feed livestock. This role
may not be significant in places where there is range land that livestock can gedeable
amount of feed. However, since crdipestock farming system is historically created due to
increased human populations (Harris, 2002), in the process, range lands are converted to
crop lands; and thus, major feed sourceslfeestock are becomg cropby-products such

as the residues. Livestock, especially large ruminants, convert these materials into high
value products: milk and meat for human consumption and dung/manure which can be
returned back to the soiNevertheless, over use of cropsidues for livestock feed could
result in declining productivity of the farm due to extreme nutrient export from arable plots.

Strategies to ensure sustainable productivity of mixed dire@stock systems should focus

on balancing the flow of nutrients lb&een the crop and livestock sectors (Tittonell et al.,
2008; Benjamin et al., 2010). This can be done by efficient use of manure for soll fertility
management, substantial amount of crop residue retention in the field and additional inputs
from outside d the field to replenish nutrients that are lost in the process. Maintaining soll
fertility guarantees good crop biomass production and sustainable crop residues supply for
livestock; hence sustaining the nutrient flow.

2.2 Crop residu@llocation and trale-offs

Poor soil organic matter content and limited nutrient availabilitctopsare key problems

to low agricultural productivity of suBaharan Africa (Schlecht and Hiernaux, 2004). The
physical, chemical and biological properties of soils can peawed through addition of

organic materials (Waswa et al., 2007). The level of organic matter or carbon in agricultural
soils depends on additions from crop residues and manure, and losses from erosion and
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decomposition (Beauchamp and Voroney, 1994).j&am et al. (2010) identified that crops
that produce more residues have greater potential for increasing soil organic carbon than
crops which produce low crop residues. The finding is in line with Tittonell et al. (2008).
According to their report carbosupply to soils is a factor of biomass yields, harvest index
and the proportion of feed carbon retained in the manure. In eligpstock mixed system
where there is high percentage of crop residue allocation for feed, soil C maintenance is
only from manue and rootC inputs.

Besides livestock feed and other uses like construction materials and energy supply, crop
residues are extremely important to soils to improve its chemical and physical
characteristics. They enhance soil structure, reduce soil er@sidrimprove water

availability to plants (Latham, 1997; Tittonell et al., 2008). The work done by Hartkamp et al.
(2004) in Mexico revealed that retention of small amount of crop residues (15t ha

doubled maize yield even at low rain fall areas. skt shows 40% increase in soil water
content whereas 50% and 80% decrease in surface and soil particles run off respectively.

Crop residues are also nutrient sources for soil fertility improvem@uaip residues

represent about half of the nutrients egpted through the main commodity production
(Unger 1990, cited in Latham, 199Therefore, substantial amousbf crop residue

retention increase soil fertility. The effect is high when combined with other nutrient
sources like manure or inorganic fesér (Aggarwal et al., 1997). Addition of crop residues
and farm yard manure improved N and P availability, soil water availability, soil organic
matter content and enzyme activity compared to no residue treatments. Furthermore, their
study showed higher meral fertilizer use efficiency for crop residue applied plots. This soll
fertility enhancement increased grain and straw yields.

The research done by Tittonell et al. (2008) also confirmed the importance of crop residues
to increase fertilizer use effigncy in soil nutrient restoration activities. Application of basal
fertilizer rate maintained initial soil C content on fertile fields where 70% of crop residues
were retained. This was not possible on fields where 10% of crop residues were maintained.
Fram these findings, one can appreciate the role of crop residues in sustaining soil fertility
and productivity. However, Aggarwal et al. (1997) reported that the benefit from crop
residues and manure in tropical regions may not be as evident as for tempegites

because of rapid oxidation in the area. Yet, crop residues are basic components of a number
of agronomic technologies.

Effective soil and water conservation practices are possible when crop residues are
adequately available (Unger et al., 1991979 In dry land areas moisture and soil
characteristics are major production limiting factors. Since crop residues have the potential
to reduce soil degradation and improve water infiltration, they can be used as a strategic
intervention to improve land pductivity through effective soil and water conservation
practices. Thus, crop residue allocation for livestieed and for soil fertility measures are



key management aspects to avoid negative tradis between the livestock and crop
sectorsin croplivestock systems.

There are different ways of balancing the tradiés. Unger et al. (1997) suggested
alternative crop residue management practices such as: 1) selective residue removal, 2)
substituting crop residues to animal feed by high quality fora8gpracticing alley cropping
of nitrogen fixing plants at field margins/hedgesy more effective use of waste lands, 5)
improving the balance between feed supplies and animal populations, and 6) using
alternative fuel sources. These alternatives requmter-disciplinary and integrated
approaches based on realities existing under local circumstances. The extent of feed
shortage and or seasonal biomass production determines degree of selective residue
removal from fields. Technology availability, accasibland size and tenure system may
be the frontier bottlenecks to substitute crop residues with high quality livestock feed and
so on. However, the farming system cannot be sustainable unless farmers are determinant
to allocate appropriate amount of ap residuesand manure and other fertilizets improve
the fertility of their soils (Benjamin et al., 2010).

Therefore, exhausting local resources and synthesizing situations from different point of
views are needed to design the best appropriate techgaal combinations to improve
allocation of crop residues for various needs. Single technology may not solve crop residue
trade-offs; equally important is the fiof technologies to farming syste(Rufing 2008)

2.3 Method of crop residue applicatidrete ntion

Different views are reported on the method of crop residue retention practidesct

application on the soil (Samaddar et al., 2008) and application after composting (Abegaz et
al., 2007). Abegaz et al. (2007) argue that the C:N ratio of crimuessis high and direct
application can result in negative effect on soil productivity due to N immobilization during
the process of decomposition. However, composting requires labor for collecting,
preparation of peats and rdistribution. It is unlikeliat composts will be evenly distributed
throughout crop fields as the practice of farmers is evident in manure application (Zingore
et al., 2007b). Hence, composting crop residues andis&ibution may result in nutrient
gradients such that more nutrieatnear to compost peats and less nutrients to marginal
fields. On the other hand crop residue retention alone may not ensure soil organic matter
supply because; in some places they might be exposed to wind erosion, communal grazing
and or free collectiondr fuelin addition to N immobilization This needs a practice that
ensures even distribution and proper incorporation of crop residues in the soil.

One way to do this may be burring crop residues by early tillage. In Ethiigpraing,tillage
operation is done mostly after crop residues are cleared from arable plots and when rainy
months are approachingith the objective toincrease water infiltration and storage
throughtrapping run off and reducing evaporation (Temesgen et al., 2008he study

area there is no tillage schedule to incorporate residues in to theldailing many research
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findings on the role of crop residue retention in improving soil nutrients and physical
characteristics, can residue retention alone ensure their availabgitgreaorganic input to
the soil? To what extent are retained residues incorporated in to the soil?

Zeleke et al(2004) reported that incorporation of crop residues by tillage operation
improved rain water use efficiency and soil tilth. Since crop residuesulnerable for free
grazing and collection to fuedt Chorietillage need to be scheduled as early as possible
before theydisappearfrom the farm.Early tillage operation following crop harvest may trap
residues at the place where they goeoduced The practice could give more benefit to
farmers that have few or no livestock than those who have more livestock. Since nutrients
are freely exported from poor farmers and accumulated to rich farmers who own more
livestock through free grazing, farmerfiarhave no or few livestock are theskrs in the
system. Hence, early tillag@actice may give guarantee to poor farméngo are unable to
buy fertilizer and do not have access to manucereturn nutrients back to theisoil. Early
tillage also allowscorporation of weeds and grasses while they are relatively green which
probably have better benefit than their effect after drying. It becomes apparent that early
tillage still have negative tradeffs for livestock feed from stubble grazing. Howevemay

also influence farmers to limit the number of livestock to available resources and avoid over
exploitation of nutrients and environment degradation as a factor of competition for
communal resources.

2.4 Effect of manure management strategies to whadlarm nutrient flow

Cycling of biomass through livestock excreta is an important linkage between livestock and
soil productivity (Powel and Williams, 1993; Rufino, 2008) in-tvegtock mixed farming
system.Manure is a corner stone to improve the chealiand physical characteristics of

soils in smallholder crefivestock integrated systems (Harris, 2002). Manure can improve
soil pH, cation exchange capacity, water holding capacity, and soil structure. Nutrients from
manure are released slowly over theoging season and have residual effect to the next
crop. Studies reveal that farmers in s8aharan Africa have the knowledge about the role

of manure in supplying nutrients to soils and improving its fertility, but they lack sufficient
guantity to cover d of their plots and labor to distribute over fields. Manure production can
be increased by increasing herd size, but this is not possible for the current smallholder
farmers because of drough{gingore et al., 200jand feed shortage due to range land
shrinkage (Ebanyat et al., 2010). Manure application is therefore concentrated around
homesteads as a result of small quantity to cover all plots and labor eonistifor

distribution.

Farmers in the study area do not apply manure to their main arable plots. This could be
influenced by their settlement location which creates inconveniencies to transport manure
and lack of knowledge regarding manure managementus®es. Villagers live following a
raised mountain belt far from their main crop plots. Previous studies reported that farmers



apply more manure and other organic inputs on close to home plots than on distant plots
(dngore, 2006Zingore et al., 2007d; Bationo ¢ al., 2007 Okumu et al., 2011)As a result

of this preferential land management, soil fertility decline was observed as plots are more
distant from the homesteads. However, it is not only the physical distribution of manure
that matters, but also lowguality in its nutrient content can create low effect in improving
soil fertility.

Manure storage and handling practice of smallholder farmers ofSafaran Africa is poor;
conditions that allow excessive aeration have high potential for ammonia losge(Pand
Williams, 1993; Nzuma et al., 1997; Rufino, 2008). These researchers suggest developing
manure management options to minimize nutrient losses and enhance manure quality.
Rufino (2008) showed considerable reduction in manure mass and N lossegebngadohe
manure heap with polythene film. Farmers can use locally available covering materials or
shades to improve manure storage conditions. Farmers may be discouraged by their manure
application practice because of the weak effect of local manurestoring the productivity

of degraded soils. However, combination of poor quality manure with small amount of
mineral fertilizer may give attractive response in the short term and more balanceduuild
of soil C and nutrient stock in the long term (Titetinet al., 2008; Giller et al., 2011).
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Chapter3. Methodology

3.1 Studyarea selection

The study areaChoriejs selected bysLFPILRIThe village is among the eight villages for the
project work at Kobo siteParameters to select villagegere access to market and access to
road. Accordinglythe project selectediwo villages neanear, two villages neafiar, two
villages famear and two villages fefar (from market and roadChorie village is
geographically located at 12 n Q p Torthia@it@e,8%0 ¢ Q ¢ msblangithde Fig. 1)and
1460masl altitude can be reachedfter driving588 kmfrom Addisto Kobo (north east of
Addis Ababa) and additional 3 km drive towards the east departing from.Kobo

Annualaverages of rain fall and temperagufor the area are 82.7mm and 2C respectively

(Tsegaye, personal communication). The dominant soil for the main crop plots is black

vertisol. There are no trees or shrubs around crop landsliftérent Acacia spiceare

found around homesteads. Totalman population of the village is about 515 in 103

households. The main crops grown in the area are seffghumandmaize Farmers are

totally dependent on raitiall for their farm activitiegAnnex 1).
5 D 0

o T
.

Fig. 1. Geographical location Ghorie, NorthWollo, Ethigia.
3.2 Farmerselection

Farmers were selectdoasedon theirwealth statususing herd and land size as a main
parameter for wealthclassificéion. Cattle are the most important wealth indicator in sub
Saharan Africa (Zingore et al., 200 @dler important asset is land. Farmers that have
relativelyFewer livestock andmaller land size are grouped under farm type FS; those with
Fewer livestock andarger land size in farm type FL; those wittore livestock an@maller
land size in farm typ MS; and those witMore livestock andlarger land size in farm type

ML (Fig2). There were fivdemaleheadedand eleven male headdwbusehold.
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Fig. 2. Average hemhd land sizes owned by different farm types.
FS= few livestock/small land; FL= few livestock/large land; MS=more
livestock/small land and ML=more livestock/large land.

3.3 Plantsamplingand analysis

{AYyOS FINNSNREQ LI Iyl ONRLA o0& notpgdssiROpoadAy I
sample a defined area for later conversion in to hectares, quadrants were used for teff and
sorghum crops. For teff crop 0.5m x 0.5m (0.2pgquadrant was used whereas for

sorghum 1m x 1m (1fhquadrant was use(Njie and Reed, 1995

Teff sample was collected by throwing the quadrant randomly by walking a certain distance
diagonally in the field. Walkindjstance was estimated by observing the dimension of the

field and five samples per plot were collected. Fresh weight for total biomass was measured
at spot using field balance (spring salter). Dry weights were measured at Kobo agricultural
research sufzenter after drying them under the sun.

CKNRGAY3A lidzh RN yid 20SN) a2NHKdzy ONRBL) gl a y2i
Instead, one side open quadrant was prepared to insert it from the side. After inserting the
guadrant, the open side was closed Iyetsame sized moveable piece to ensure accurate
sample area. Protecting knots are welded on tip of the two sides of the quadrant after 1 m
length so that the closing side cannot move beyond the limit. Five representative samples
per plot were collected bwalking a certain distance diagonally within the crop. Total
biomasses was split in to head, leaf blade, leaf sheath, stem and fresh weightsser the
different parts were measured on sp@jie and Reed, 1995After taking fresh weights,
samples of similar parts were bulked per plot and-samples were taken for further
measurements and analysis. Ssdéimples of stoveand grain yields were measured at Kobo
agricultural research subenter laboratory after threshing grains and drying stovers under
the sun. The weight of threshed panicle was added to stover weight to evaluate grain and
stover productivity of sorghum vaties.

Chemical analysis for the residues and grains of both crops were done at ILRI laboratories.
Grinding samples and scanning using NIRS (Near Infrared Reflectance Spectroscopy) was
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done at ILRAddis, Ethiopia; and NIRS results were sent to Indiadiimationof nutrient
Oz2yiuSyita dzaay3d adGlFyRIFINR OFftAONYGAR2Y Y2RStao
standards committees to carry out many constituents of various tissues of many plants [...]

OAYy Of dzZRAYy I8 3IANF Ay a |y & ward auSheditd pass 1 mm sieSey = My
(Njie and Reed, 1995dried overnight at a temperature of 8Gand filled in caps fo

scanning by the NIRS machine.

NIRS results for teff and sorghum residuesestmatedusing mixed feed global calibration
model, teff grains (seed and flour) are predicted using millet grain and flour calibration
model, and sorghum grain (flour) isgalicted using millet flour 195 calibration model (Jean,
personal communication)

3.4 Soil samplingand analysis

Soil samples were taken from all plots owned by the four farm types. The type of crop
grown on a plot was recorded during sampling. Sampling peaformed using Edelman

auger from top 630 cm depth. Representative samples were taken frefngints per plot
depending on the size and uniformity of plots. The collected samples were submitted to the
laboratory of national soil testing center, Addibaba, Ethiopia for pH, SOC, N, P and K
analysis.

3.5 Modelinitializationand scenario analysis

Longterm impact of the current crop residues and manure management practices on land
productivity and soil carbon stock is simulated using FIELD (Fieddresalrce Interactions,
use Efficiencies and Long term soil fertility Development), the CROPSIM (Crop production
SIMulator), in the AfricaNUANCES (Nutrient Use in Animal and Crop s¥dfesiesicies and
Scales) framework. The modeasparameterized fomaize and extensively used in Kenya
and Zimbabwe. It was adapted to predict sorghum pedrl milletgrain yielddn Mali
(Dagnachew, 2008; F&).
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Fig.3. Fitness of thevlodel FIELD againgteasured and predicted yieldafer Dagnachew, 2008
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Ste, soiland crop specifiparameters(Annex 2ad) are usedrom Dagnachew thesis work
to initialize the model.After initializing the model, only rain fall and some soil parameters
of Chorie village are used to simulate future biomass productionsaiiccarbon status of
the area.Parametershanged to adapt the model are seasonal rain fall (560 mm; Tsegaye,
personal communication) and soil parameteggven below

Tablel. Soil parametershanged to adapt the moddFIELD

No. Description Remark

1. Soil texture (%) Values for each
Clay parameter are
Sand not given here;
Silt because, they

2. Soil organic carbon (g Ky differ as per the

3. Total soil N (g kY plots and farm

8. CEC(cation exchange capacity types.

9. PH

Threescenaios (Table 2) are simulated to see the impact of different levels of crop residue
retention on above groundsorghumo A 2 Y 4a& YR &a2Af OFNb2y &aiG201
settlement location created considerable distance between main crop plots and homes;

because of this reason, manure application is not feasible for the time being; hence, no

scenario test is performed considering manure as soil amendment strategy. Besides, data

on quantity and quality of manure were not collected as per the model requirgme

Table2. Different scenariossed tosimulateabove ground biomass
production and soil carbon stock for the next 10 years.
Scenario FRREM

1 1
2 0.7
3 0.3

! Fraction of residue removal

3.6 Socieeconomic data collection

Socio economic data (aggender, literacy level, land and herd characteristics, crops and

area coverage, food setufficiency, resource allocation, decision making processes and

limiting factors) were collected by interviewing selected farnflrsl6)using senii

structured questnnaire (Annex 3). Literacy level was determined by the number of study

years (formal or informal education system; 1 year =1 grade level). Land is quantified using

GKS f20(0ndd YHRYiAYIid 2yS RIFIe LI 26Ay3 gAGK | LI A
hectare (4imds=1 ha). Type and number of livestock owned by each farmer is converted

to TLU (Tropical Livestock Units). Exploration of crop types and their area coverage was

done by constructing a resource flow mfgy each farmer during the intergwv. Resource

allocations such as grain, crop residue and manure were quantified using the five fingers of
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a hand to make easy for farmers to estimate the proportion of their allocation; then values

were converted to percentages. Stall feeding of crop nessdwasestimatedfrom the

amounts farmers gave to their livestock each day in each month of the year and converting

it to kilo grams and finally to percentae OO 2 NRA Y I (2 TFlekfMPHNEQ Sad Ay
NBaArRgS F p

3.7 Data analysis and presentation of results

Socieeconomic data are analyzed using Excel. Straw/stover and grain yields as well as

nutrient contents of these plant parts were analyzed using Excel and SPSS version 16

statistical sftware. Statistical differences between varieties and parts of a crop were

determined using Analysis of Variance (one way ANOVA procedure). Mean separations were

02 Y Lddzi SR dzaAy3a [{5 YR 5dzyOlyaQ K2Y23SySAai
LaBor#&ory [a numerical computing environment and foustfeneration programming

language])) is used to run the simulation.

Results are presented figures andables with supportive explanation. Pictures taken at
the field during sampling are also used to ilhas¢ some of the existing practices.
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Chapter4. Results
4.1 Characterization of farming system
4.1.1 Herd characteristis

Total herd sizes in TLU (Tropical Livestock Units) for FS and FL farm types are smaller than
MS and ML farm types (F#A). The higheshare of livestock composition in all farm types

is local breedRayabreed) cattle(Fig.4B). Farm type ML has more number of cattle

followed by farm type MS. However, there is variability in the type of livestock holding
among individual farm types. bddition to cattle, FS owns a few numbers of goats, FL owns
donkey, MS owns sheep, goats and camels, and ML owns camel and donkey

12 4

3 10 FS
10 - £ 1 FL
S g | m MS
= [«H]
2° ] A T & B m ML
F
6 - | g 6
= 3
54 - g 47
- T
T -
24 T 2 I .
0 0 . ‘ l L-Ii
FS FL MS ML Cattle  sheep goat camel  donkey

Fig.4. Total herd size in TLU (A) diveistock type iraverage number (Bpf the different farm
types.FS= few livestock/ small land; FL= few livestock/ large land; MS=more livestock/small land
and ML=more livestock/large lan@iLU= Tropical Livestock Unit.

In the village there is no range land for livestock to obtain their feed from grazing or
browsing. This cdd have limited the number of sheep and goats in the system. During the
long dry season, livestock are left for free grazing on stubble from crop lands; in the rainy
season, arable plots amvered with crops; hence, feeding livestock targets on stomeq ¢
residues (straw/stover) which large ruminants can utilize better than the small ruminants.
Furthermore, cattle are used for labor during land preparation and threshing, milk and meat
production, saving and prestige. These purposes of cattle coulddttraeted farmers to

have them in their farming system rather than other livestock types

4.1.2 Land holding

The land holding of each farmer is assumed to be equal in size during the land distribution.
However, youths who were not given land during the timéaofd distribution currently

possess land in different ways: given from relatives, renting and sharing from other farmers.
There is also land splitting to children when a farmer dies. These and similaiesociomic

and sociecultural circumstances creatarge variability in land holding in the village.
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Average land holding of the 4 farm types ranges from about 1.5 in FS to about 4 hectares in

ML (Figb).

Land (ha)
H
a1
_|
_|

FS FL MS ML

Fig.5. Average land holding of different farm tyfeS= few
livestock/small land; FL= few livestock/large land; MS=more
livestock/small land and ML=maore livestock/large land.

4.1.3 Gender of the lbusehold head

From the sixteen farmers selected for the study, there are five feimedeled households

and eleven male headed households. Three of the five female headed households are in the
FS (Fewer livestock/ Smaller land) farm type and two of them are in the FL (Fewer livestock/
Larger land) and MS (More livestock/ Smaller land) figypes. There is no female headed
household in the ML (More livestock/ Larger land) farm type g)ig.

4 -

3 - Male
= Female
o] 2 1
g
z 17

0 T T T 1

FS FL MS ML
Farm types

Fig. 6 Gender of a lousehold headtotal number ineach group) irdifferent
farm typesFS= few livestock/small land; FL= few livestock/large land; MS=mor
livestock/small land and ML=more livestock/large land.

In FS farm type two females in the age of 66 each and in FL farm type one female in the age
of 45 missed their husband due to death where as one termaFS farm type who is in the

age of 25 and one female in MS farm type who is in the age of 28 are divorced. One of the
two aged females from FS and the one in the FL farm types have children to manage their
farm activities but the other old female irBFarm type has no children or close relative who
can support her; so that she totally rent out her land and has no livestock. Both aged
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females do not have the chance of marrying again due to various social and biological
constraints to manage their farfoy themselves. Most likely they continue being dependent
on the decision of family and land tiller.

The two younger females in FS and MS farm types try to manage their farm partly by
themselves; still they rent out part of it. The one in the FS groumbdivestock. She gets
little support from her exhusband. He sent little money from Sauttiabia to raise their
children born before divorce.

4.1.4Householdhead literacy level

Literacy level of household heads and leading female for all farm types iowe(kib.7).

There is no family heair FS farm typéhat can at least read and write. In FL farm type, the
household head has better literacy level than the leading female whereas the reverse is true
for MS farm type. However, housald heads and leadipfemales in MS farm type have

better education level than in the other farm types. In ML faype only the leading female
canread and write. These could be due to age effects. Farmers in MS farm type are younger
whereas farmers in ML farm type are oldban farmers in other farm types (Fig).

Currently a new elementary school is established close to the village. Many children from
the village have started their education. Hopefully, this will increase literacy level of the
future generation living ihe village

Household heac
Leading female

O R N WA~ OO
1 1
—
—
—

T

Level of literacy (Grade)

FS FL MS ML

Fig.7 Literacylevel of household heads and leading females in different
farm types FS= few livestock/small land; FL= few livestock/large land;
MS=more livestock/small land and ML=more livestock/large land.

4.1.5 Agecharacteristics

The age of farmers selected for the study is between25 and 70 years. The mean value of
their age distribution is 32 years for MS and 56 years for ML farm types. Others are between
the values. Some farmers in the FS antbFh types are new comers; however, on average,
they lived over 30 years in the village. Farmers in MS and ML farm types lived all of their
ages in the village (Fig).
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Fig.8.Average age of house hold heads and their years in the village
different farm typesFS= few livestock/small land; FL= few livestock/la
land; MS=more livestock/small land and ML=more livestock/large lan

Farmers in the FS farm type have less key resources available (livestock aRaylgndrhis

could be due to complementary effects of being newcomers, their age and gender. Farmers
in MS farm type are younger and are born in the village; they could have been very young at
the time of land distribution which could be the reason focee&/iing small pieces of land at

the time. Farmers who lived in the village for longer times (ML farm type) seem to have
good access to key resources. They have relatively more livestock and larger land areas.

4.1.6 Labor availability

The laborious crop produicin activities such as tillage, harvesting and transporting the
harvest to home are done by male family members that are in the age groups bef\@een
and 60 years. Females in tlaige grouphave goodoarticipaion during hand weeding
activities. Family mefvers with ages less than 16 and greater than 60 contribute less labor
in to such activitiesFarm typs FS and Mbave more family members in teage groug
(Fig.9), indicating that labor largely influence their farm activitid3ifferent farm typesuse
variousstrategesto fulfill their labordemand some rent out their land, some te

temporary labor and some others employ permanent lapable 3.

The major strategy followed by all farm type$isngtemporary labor at peak crop

activities liketillage, weeding, harvesting, threshing and transporting the produce to home.
They employ permanent labaitt different levelfor their permanent support as welfpecific
farm type usestrategies depending on gender, age &®&yresources likéand and
livestockholdings For example, FS and MS farm types rent out |aludvever, he

percentage of renting out farm is higher for FS farm type than MS farmidgpause FS

farm type is dominated by female headed households @jid:L farm type also has a

female headed householbut she does not rent out land; hehildrencanmanageit. FL and
ML farm types own larger lanthan others (more land activitieg so that their temporary
labor utilization is higher than other farm typddS farm type employ permant labor
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maybe due more livestock holding of this farm type which demands year round activities

(Table 3).
6 -
5 -
_ 4 - - - H <16 and>60 years Male
é z’ T m <16 and>60 years Feme
P . - 16-60 years Male
0 ﬁ - m 16-60 years Female

FS FL MS ML

Fig.9.Average number of family members that have lower and higher labor
inputs under each farm typ&S= few livestock/small land; FL= few livestock/lat
land; MS=more livestock/small land and ML=more livestock/large land.

Major reasons for shortage of labor for FS farm type are gendsufficientfamily labor

and age in order of importand@able 3) For FL an¥S farm types the reasons are
insufficientfamily labor and gender. The percentage of gender and family labor shortage
pointed out as constraints for FS, FL and MS farm types are in accordance with gehder of
household heads (Fig). Labor shortage pkdem for ML farm type is due to age and to a
lesser degreénsufficientfamily labor availability.

Table3. Reasons folabor shortage and strategies used by farm types to solve the
problemof labor shortagéMeanvalue N=18.

Reason for laboshortage Strategies usetb solve labor problem
(% of respondents) (% of respondents)
Rentout/ Hire Employ

Farm insufficient share temporary permane
type age gender family labor land labor nt labor
FS 21.25 46.25 32.9 37.50 50.00 12.9
FL 12590 87.90 93.75 6.25
MS 1250 87.90 12.50 62.90 25.00
ML 50.00 50.00 93.75 6.25

FS= few livestock/small land; FL= few livestock/large land; MS=more livestock/small lar
ML=more livestock/large land.

4.1.7 Land preparation and fertility management

Seed bed preparatn is done by tilling the land repeatedly using an ox driven plow.
Generally, farmers do more tillage operations for teff than for other crops; but there is
inconsistency in the frequency of tillage (Fig. 10). Variability could be due to availability of
oxen, labor, as well as land tenure system (owned/rent/shar@eif plots are tilled more
frequently than sorghum and maize plots in FL, MS and ML farm types; whereas, for
sorghum plots, FS and FL farm types use different frequencies (higher frequengy in FS
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lower frequency in FL). This variation could be due to either of the above mentioned
reasons

5 - Teff
45 - T Sorghum
4 - .
m Maize
o 357 ! T T T
8 37 -
S 25
o 1.5 -
I 1
0.5 -
0 T T T
FS FL MS ML

Fig.10.Seed bed preparation for different crops performed by farm
types.FS= few livestock/small land; FL= few livestock/large land;
MS=more livestock/small land and ML=more livestock/large land.

All respondents (N=16) apply neither chemical nor organic fertilizer to their main crop lands.
They apply very small amount5t ha®) of manure availabl the barn (mixture of fresh

and dry) and other organic materials like ash only to small homestead plots where they
plant maize for early grain consumption (FigALINevertheless, the quality of manure and
other organic inputs is questionable. Farmdeosnot have structures where they store

manure and protect N volatilization mainly due to insufficient knowledge about manure
handlingtechniques. Dung dropped overnight is picked to spread on stones and dried for
fuel. The other part remains in the openraexposed to sun and continuous destruction by
animal hog(Fig. 11B)Thus, manure quality may not be sufficient enough to restore soll
nutrients.

t hat
O FRP N W S 01 OO N
1
—
—

FS FL MS ML

Fig.11Manure management practices: A) amount used as fertilizer for homestead plot:
different farm types; B) manure handling practideS= few livestock/small land; FL= few
livestock/large land; MS=more livestock/small land and ML=more livestock/large land.
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4.1.8 Crop typesand land allocation

Major crops grown in the area are teff, sorghum and maize. Average aveaage by teff is
larger than by sorghum and by maize in FS, FL and MS farm types. Larger area is allocated
to sorghum followed by teff in ML farm type. Average area coverage by sorghum is larger
than average area coverage by maize in all farm typesi1#)g

Teff is a cash crop in the area. Land allocation for teff is relatively larger for FS and FL farm
types than MS and ML farm types. This could be due to the low number of livestock owned
by these farm types, which limits their ability to sell ared gnoney for their routine

activities. MS and ML farm types may fulfill their cash demand from selling livestock

2 - Teff
1.8 T Sorghum
1.6 -
1.4 - [ [ = Maize

1.2 -[

0.8 - T+
0.6 -

0.4 T
02" o ' i, i

FS FL MS ML

ha

Fig. 12.Averagdandallocation by farm types for different cropgS= few
livestock/small land; FL= few livestock/large land; MS=more livestock/sm
land and ML=more livestock/large land.

There are different varieties of teff and sorghum used by farmers. Variety selection depends
on a number of reasons but availability of fstiEnt moisture at planting time and demand

of the variety for market and home use are the key ones. Characteristics of different
varieties of teff and sorghum are presented in Andekigures 13 and 14 below show teff

and sorghum varieties planted in 20 cropping season with their relative area coverage

12
10

ha
O N M O
1

Sikuar Bunign  Abat  Tikurie Red Teff
magna magna

Fig.13. Teff varieties and their area coverage at Chitiegpiain 2010 cropping season.
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Wedhakir  Abola Jigurtie

Fig. 14Sorghumvarieties and their area coverage in
2010 cropping season at Chorie, Ethiopia.

4.1.9Food self sufficiency

Except for the FS farm type, farmers in all categories can feed themselves year round at
average rain fall condition (Table 4). However, they are notssdficient at lowerrain fall
times. Various farm types have different level of resilience to drought shocks. FS and MS
farm types can feed themselves only for about half year at drotigte. Better tolerance to
drought impact is observed in ML farm type. FS farm typeti$anal selfsufficient even at

the time of average rain fall. This indicates the impact of land size for foedidétfiency

Table4. Average cereatrop selfsufficiencyand number of years food
aidreceived inast 10 years.

Food seHsufiicient months Food aid received

At time of At time of in last 10 years
Farm type average RF low RF (# of years)
FS 10.50 5.50 3.00
FL 12.00 7.50 3.50
MS 12.00 5.75 3.25
ML 12.00 9.00 1.00

#= NumberFS= few livestock/small land; FL= few livestock/largd;la
MS=more livestock/small land and ML=more livestock/large land.

When farmers face food shortage, their immediate decision is to purchase food from local
markets (Table 5). Mainly, the source of money to purchase food is from selling livestock
though the price they receive during drought periods goes down. Livestock is a saving
strategy for almost all of the respondents who have livestock (ABhexurthermore,

livestock can be used as a guarantee to borrow food items from others.

Farm type MS obtasimore grain loans from other friends than farm type FS. Farmers who
could have grain at hard times seem to show less interest to lend to FS farm type; this may
be because of lack of trust on the ability of the borrower to pay back or fear of lowesefutur
product price. In any case if borrowing is the last option, FS farm types borrow in agreement
to pay back at an expensive rate
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Table5. Percentage ofdod remedial sources at scarcity periods.

Given by
Farm types Purchase Subsidy others Borrow *
FS 75.00 12.90 12.590
FL 71.25 8.75 20.00
MS 50.00 50.00

ML 100.00

FS= few livestock/small land; FL= few livestock/large land; MS=more livestock/small land ¢
ML=more livestock/large land.

* Borrow at expensive returnlf they borrow 1 quital of sorghum the agreement could bdo

pay back Jguintal ofteff or 1.5 2 quintak of sorghumat the next harvesting season.

4.2 Quantity and quality of biomass production
4.2.1Teff biomass production

Analysis of variance for grain and straw yield&eéffvarieties shows significant difference

6tT nonnam FYR nodnanT fhlTndnpo Y2y3 GFNRSGHEAS
yieldersBunignand Tikurie and higher yieldeBikuarmagnafor grain yield; and between

lower yieldersBunignand Tikurie and higher yielderd&batmagnaand Sikuar magndor

straw yield

Table6. ANOVATable showing significant differers& h T ingrdim p 0
and straw yield of differentteff varieties.

Sum of Mean
squares df sguare F Sig.

Grain yield Between Groups 4.944 3 1648 6.353 0.001
Within Groups 21.011 81 0.259
Total 2595t 84

Straw yield Between Groups 64.227 3 21.40¢ 12.172 0.000
Within Groups 142.46z 81 1.759
Total 206.69C 84

No statistical difference is observed betweBuanignand Tikurie; andAbatmagnaand
Sikuarmagnafor both grain and straw yields (Table 7). However, higher grain yield for
Sikuarmagnaand higher straw yield foAbatmagnaare observed (Fig.15
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Table 7. Mean separation for grain and straw yields of tafetias.

Local names of teff Grain yield Straw yield
varieties (t ha') (t ha')
Dunkcan Buningn 0.8344 2.116@
Tikurie 1.0656 3.220@¢
Abatmagna 1.215& 1.215&b 5.51221
Sikuarmagna 1.60 5.17531
Sig. 0.089 0.6010
61 m Grain yield
" Straw yield
© 4 -
e
~ 3 -
2 .
1 -
sl ' N
Abat magna  Sikuar Tikurie Bunign
magna

Fig. 15. Yielgperformance of different teff varieties.

Farmers were sked to estimate grain and straw yields. Analysis indicates very low
correlation betweg” Y S| a4 dzZNSR | YR (Bdth\jMi6 B rawseltli A Y G A 2 Y
r’=0.031; =0.0654 respectively; Fig. )16

-
z 6 AA
S A
8 5 4
g A
2,4
© 3 -
£
g 2 - 'Y X @ Grain yield
T, | L 4 A A straw yield
o 1
0 1 2 3 4 5 6 7

Yield estimation by measurment (t &g

Fig.16. Correlation between measured dadners' estimation of grain
and straw yields of teff.

For straw yield higher differences observedbetween meadzNE R YR FI NMSNEQ S.
FS farm typdFig.17). This could be due to the influence of gender. In this farm group the

ratio of female to male is 3: 1 (Mg, femalehead household eithersharefent out their

land or give all land management actieg to their family (son/daughter &pplicable Annex

6); 0 that they havdess control on land activés whichhinders them to adequately
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estimate land outputs. Especiatlyosewho sharetheir land cannot estimate quantity of
crop residues, becaushareholderstake all of it. The agement with land tilleris to share
only grain yield

7 - Grain yield-measured

6 |

5 - Grain yield-farmers'
T:u 4 - estimation
— 3 - H Straw yield-measured

2 - T T T T+

1 - - T T m Straw yeild -farmer

0 . . . estimation

FS FL MS ML

Fig. 17. Teff yields (grain and straw) estimatimeasured vs. farmers'
estimation.FS= few livestock/small land; FL= few livestock/large land;
MS=more livestock/small land and ML=more livestock/large land.

4.2.2 Sorghumbiomass production

Analysis of variance shows significant difference between sorghum varieties for grain and
stover yields (Table 8). Higher grain yieldJigurtie and higher stover yield fékbolaare
observed (Table 9). Howevéehe proportion of softer parts of the stover (leaf blade, leaf
sheath and panicle) to stem is lower for these varietigicating lower palatability of stover
to feed livesbck. Low yieldingarietiesWedhakirand Berhan+Mekdhave thin stem and
higher softer parts to stem ratio(Fig18). All parts of the stover from these varieties are
palatable by livestock. However the quantity of softer stover parts is still highehédnigh
yielding varieties (Fig. 19) indicating the benefit of such varieties to increase biomass
production to satisfy differenfcompeting)uses of residuesuch as for soil organic matter
input, feed, fuel and construction materials

Table8. ANOVA Tdb showing significant differencésh I between grain and stover yields of
different sorghumvarieties.

Mean
Sum ofsquares df square F Sig.

Grain yield Between Groups 98.29¢ 4 24574 7.526 .000

Within Groups 24490z 75 3.265

Total 343.20C 79
Stover yield Between Groups 3849.671 4  962.41¢ 34.82¢ .000

Within Groups 2072.48¢ 75 27.632

Total 5922.15¢ 79
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Table9. Mean separatiorfor grain and stover yieldsf sorghum varieties

Grain yield (t hd) Stover yield (t hd)
Dunkart Wedhakir 2.8% Wedhakir 7.96c
White wedhakir 3.52a 3.52ab Berhan+Meko 9.1&
Berhan+Mekao 4.12a 4.12ab White wedhakir 17.74d
Abola 4.36 4.36ab Jigurtie 21.35
Jigurtie 5.3%b Abola 27.07%

Sig. .156 .070 .653 .184  1.000
' 'asSa 1 I NXY2yAO aSly Meavdfill@vedbyiffeRent lettens diffem o°
significantly.

25 -

20 - Grain yield

15 - stem
© m Soft parts of stovel
S 10 -

. ]

0 I T T I T . T I_\

@ 3 N & O
g\‘?fé W 08& 68& N
N N &
& S
N\ Q

Fig. 18. Yield performance of sorghuarieties. Values fa¥igurtie
are average of 5 plots samples, ¥edhakir8 plots samples and
for others only 1 plot samples.

3 - Leafblade
25 - Leaf sheath

2 - m Threshed head
1.5 -

t hat
o
o ol
.
.
.
.

Fig. 19. Quantitgand proportionof relativelysofter stoverparts of
sorghum varieties.

28



Farmers were asked to estimate sorghum yields similar to that of teff. Their estinfation
sorghumis also lower than the measured values (Fiyr28ulted in low orrelation
betweenyieldsofmS | 8 dzZNSR 'y R FHAWRENRQ SadAYIl GAzy

25

Grain yield measured

20 - Grain yield farmer's

estimation
15 - | Stover yield measure
10 m Stover yield farmer's
estimation
5 T - T T
0 T a T T T
FS FL MS ML

Fig.20. Estimation of sorghum yield: measured vs. farmers' estimation
FS= few livestock/small land; FL= few livestock/large land; MS=more
livestock/small land and ML=more livestock/large land.

t hat

@ Grain yield
A Sover yield

Yieldfarmers' estimation(t hd)

O B N W b 01 O N
1

Yield estimatiormeasured (t h&)

Fig. 21. Correlation between measured and farmessimation for grain and
stover yields of sorghum.

CKAad KAIKSNI RAFFSNBYOS 0SG6SSy YSIFadsaNBR | YR
a number of reasong=ew of them may be:

MO [/ dziGAYy3 KSAIKAEG RATTSNBY Wécuatk stéver vidaifthey 3 | Y F
surface to measure the whole above ground biomass as totally as possible. However,
farmers cut at higher position leaving between3® cm stoer at the field.

2) Inclusion of threshed panicle/head in the sampl@&hreshed panicle is included in the
measured stover yield, to split the total biomass in to grain and stover yields. However,
farmers normally leave this part at field after they thinemnd take grain yields. The threshed
panicle is left at the threshing spot where livestock graze it over there.
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3) Unit used for estimationCl N¥ SNEQ SadAYlIGA2y ¢l a olFlaSR 2y
estimationin to quintals and tonss required.Dependson the power of the camel and

convenience of packingne camel pack is estimated to be 0.2 to 0.4 tons.. This cseate

difficulty to adequately estimate

~

4) Attention to the resourceC I NY¥SNB Q G iSyGdA2y (2 ONRBLI NBaAF
as higp as for the grain yield. They estimdtgrain yield better than residue yieldReasons

may be quite a lot and complex; whatever the case may be it seems difficult to rely on
FIENYSNEQ SadAYIFLGA2Y AF 2yS ySSRAa NBtl GAQSt e

4.2.3Nitrogen content and digestibility ofteff straw

ANOVA shows significant differen@eable 1etween varieties in straw digestibility
(lvomd% Invitro organic matter digestibilitpercentag@. The difference is observed
betweenTikurieandtwo varieties(Abatmagnaand Sikuar magng with higher digestibility
percentage irTikurie(Table 11)In straw nitrogen contentthere isno significant difference
between teff varieties

Table10. ANOVA Table showingignificant difference in straw digestibility but
nonsigniht OF y i RA F T S Ndtrgg@rRontent forlteff madietigs 0 A Y

Sum of Mean
Squares df Square F Sig.
Digestibility Between Group: 23.271 3 7.757 2900 0.040
(lvomd%) Within Groups 216.685 81 2.675
Total 239.95¢ 84
Nitrogen content Between Group: 0.221 3 0.074 1.072 0.366
(%edm) Within Groups ~ 5.562 81  0.069
Total 5.783 84

Tablell. Mean separatiorior straw digestibility of

teff varieties.
Local name of  Straw digestibility
teff varieties ~ (lvomd%)

Duncari Abat magna 50.48%

Sikuar magna 50.87a

Bunign 51.83 51.8ab
Tikurie 52.66b
Sig. 112 294

! Uses Harmonic Mean Sample Size = 8.5ans
followed bydifferent letters differ significantly
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4.2.4Teff grain nutrient content

Teff grainsare very small in size (Fig. 22:1a). Laboratory analysis was done for both the
grain/seed and the flour to see if the size is enough to scan using NIRS and fit models for
estimatingvalues. Scanned results of gré&seeds and flours segregated in to twdfterent
patterns (Fig.22:2

a) b)

1. Teff grain/seed (a) and Teff
flour (b)before scanning

2. Teff grain/ seed (a) and Teff flour (b) after
scanning.

Fig.22. Teffgrain/seed and flour before scanning é)d after scanning (2). Results separat
in to two sets showing thaeff seed though very small in sizeeeds to be ground for
nutrient content analysiby NIRSanalysis

Protein content is higher for the flour part than the seed whereas for all other parameters,
the grain seed showed higher values (Fig.23). Much higher difference between seeds and
flour parts is observed istarch content

80 -
70 Seed protein
60 Flour protein
50 B Seed fat

_g m Flour fat

L 40
30
20
10

0

m seed startch
Flour starch

Tikurie Bunign Abat magna Sikuar magna

Fig. 23. Protein, fat and starch content of teff varieties before grinding (seed) and ¢
grinding (flour) in %dm (percent of dry matter).
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4.2 5 Nitrogen content and digestibility oorghumstover

Statistical analysis for nitrogen content and digestibility was performed for all stover parts
(Threshed panicle, leaf blade, leaf sheath, upper stem, middle stem and lteme). s

ANOVA shows significant differences between sorghum varieties in nitrogen content at leaf
sheath, middle stem and lower stem (Tables 12 and 13). At lower parts of the stem,
sorghum varieties significantly differ both in nitrogen content and digdsyil{irable 14). It
makes sense to focus on the stem parts than on leaf sheath; because, stem part is higher in
proportion of total biomass production (Figs 18 &20)

Table 2. ANOVA Table showing significant differericée T inmittogem Gontent but
non-significant difference in digestibility for leaf sheath of differesntghumvarieties.

Sum of Mean
Squares  df Square F Sig
Nitrogen content (%odmBetween Groups .090 4 022 4.368 .023
Within Groups .056 11 .005
Total .146 15
Digestibiliy (ivomd%) Between Groups 5.263 4 1.316 485 747
Within Groups 29.824 11 2.711
Total 35.08¢€ 15

Table B. ANOVATableshowing significant differencesh T inmigogen 6ontenbut non
-significant difference iligestibility of middle stenparts ofdifferent sorghumvarieties.

Sum of Mean
Squares  df Square F Sig.

Nitrogen content (%odmBetween Groups  .576 4 144 5.116 .014
Within Groups .310 11 .028
Total .886 15

Digestibility (vomd%) Between Groups 93.737 4 23.434 1.604 242
Within Groups  160.713 11 14.610
Total 254451 15
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Table14. ANOVATable showing significadifference { I' in ditvogen content and
digestbility of lower stem parts of differerdorghumvarieties

Sum of Mean
Squares  df Square F Sig.
Nitrogen content (%dmBetween Groups .199 4 .050 3.951 .036
Within Groups 126 10 .013
Total 325 14

Digestibility (vomd%) Between Groups 257.259 3 85.753 4.550 .029
Within Groups  188.449 10 18.845
Total 445,708 13

Mean separation was not possible, because of limited number of entries for two varieties
(White wedhakirand Berhan+Mekq, to see which varieties differ from the otheHowever,
results of laboratory analysis show higher nitrogen content and higher digestibility for
Berhan-Mekovariety; whereas, lower nitrogen content fdrgurtieand lower digestibility

for White Wedhakiwvarieties (Table 15

Table 15 Nitrogen(n-dm%) content and digestibility
of lower stem parts of differersorghumvarieties

Variety name n-dm% ivomd%
Jigurtie 0.34 43.18
Abola 0.44 49.58
White wedhakir 0.47 40.25
Wedhakir 0.63 50.74
Berhan+Meko 0.65 52.22

No statistical difference was sbrved in digestibility at threshed panicle, leaf blade, leaf
sheath, upper stem and middle stem for different sorghum varieties. Therefore, varieties
that produce higher biomass may be options to balance competing use of crop residues
such as for livestdcfeed, fuel and soil organic input. Rhgurtie(high biomass producing
variety), leaf sheath and all stem parts (upper, middle and lower) are statistically similar in
nitrogen content; only threshed panicle and leaf blade show significant differenoetfre
above mentioned parts (Table 16). However, they are small portbtatal plant biomass

(Fig. 18.
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Table B. Nitrogen content in @m (percent of dry
mater) of different stover part fodigurtievariety.

Stover parts N-content (%dm)
Duncart Middle stem 0.33a
Leaf sheath 0.33a

Lower stem 0.34a
Upper stem 0.40a
Leaf blade 0.61b
Threshed panicle 0.62b
Sig. 0.309 0.859

! Uses Harmonic Mean Sample Size = 5.000.
Means followed byifferent letters differ significantly

For digestibility analysisANOVA shows significant differersdeetweenlower stem and
other parts (niddle stem, upper stem, leaf sheath; and leaf blade, threshed panael
between leaf blade, threshed panicle and the other parts with higher percentage of
digestibility in leaf bland and threshed panicleeaf sheath, upper and middle stems are
observed to be statistically the same for digestibi{ifable. 17.

Table Z. Digestibility(Invomd%dinvitro organic matter digestibility
percentage] of Jigurtiestover pars.

Stoverparts of

Jigurtie Digestibility (Invomd%)
Duncaril Lower stem 43.182a

Middle stem 47.05Mm

Upper stem 49.256b

Leaf sheath 49.366b

Leaf blade 53.41&

Threshed panicle 55.142¢

Sig. 1.000 224 .336

! Uses Harmonic Mean Sample Size = 5.000.
Means followed bgifferent letters differsignificantly.

4.2.6Sorghum gain nutrient content

Grains of sorghum varieties show differences in their nutrient contents (Fig. 24). Generally
late maturing varieties,Jigurtieand Abola,have higher starch content than early maturing
Wedhakirvarieties. Conversely, these early maturing varieties show higher protein content
than late maturing varieties. However, sample size limited statistical andtysee whether

the differences are significant enough not. Both varieties show similar percentage of

fat content.
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Fig.24. Grain nutrient contepercent of dry matter) of sorghum
varieties.

4.3 Resource allocation

4.3.1Grain allocation

There is higher difference betwegmainsallocatedto home consumption antb market fa
sorghum and maize crops in all farm typétigher percentage of sorghum and maize grains
are usedfor home consumptionwhile higher percentagef teff is allocated for sale except
in FS farm types(nall differencébetween sale and home consumption); hewver,
differencesbetween sold and consumeate not as high as for sorghum and maizay.25).

100 -

FS
80 -
qc) 60 - mMS
o m ML
S 40 -
20 -
0
Eaten Sold Eaten Sold Eaten sold
Maize | Sorghum Teff

Fig. 25. Grain allocation by farm types for different cré{&= few
livestock/small land; FL= few livestock/large land; MS=more livestock/sme
land and ML=more livestock/large land.

4.3.2Crop residue allocation

For the major crops (teff, sorghum and maize) high allocation of crop residue is to stall
feeding followed by stubble grazingds 26, 27 &28). The amount of crop residue left in

the field is subject to grazing during the long dry season; because, after the period of
harvesting arable plots are left for open grazing until the next cropping season. Allocations
of crop residues fofuel, for construction and for other purposes vary depending on crop
type. However, there is higher use of sorghum stover for fuel next to stall feeding and
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stubble grazing. There is no allocation of teff straw for fuel and maize stover for
construction Fig. 27.

Percent

Percent

100 ~ Left at field
90 -

80 -
70 -
60 -
50 -
40 -
30 -
20 -
104 =~ .. o
0 : :
FS FL M

Fig. 26 . Estimation of teff straw allocation by different farm types.
FS= few livestock/small land; FL= few livestock/large land; MS=more
livestock/small land and ML=more livestock/large land.

stubble grazin

m stall feeding
W Later sale

m construction

S ML

70 -

60 1 Left at field

50 4 = stubble grazing

40 - m stall feeding

30 - u Fuel

20 - ®m construction
Later sale

10 -

o .

FS FL MS ML

Fig.27. Estimation of sorghum stover allocation by different farm types.
FS= few livestock/small land; FL= few livestock/large land; MS=more livestock/sm:
land and ML=more livestock/large land.

36



90 +
80 -

70 -
60 1 Left at field
50 - stubble grazing
40 m stall feeding
30 - H sale
20 - T T m fuel
10 T T !

T T T
O T T T

FS FL MS ML

Percent

Fig. 28. Estimation of maize stover allocation by different farm tyip8s.few
livestock/small land; FL= few livestock/large land; MS=more livestock/small land
ML=more livestock/large land.

4.3.3Crop residue feeding strategy

In the months from November to February livestock obtain their feed from stubble grazing;
because in this period stubbles are available in the field. From March to November, there is
scarcity of dryded from grazing areas (Fig. 29all feeding strategy from stored crop

residues iplanneddepending on feed availability from grazing areas and catry

methods.Even if farmers provideheir cattleadditional feed install from stored residues

starting fromthe month ofJanuary, higher percentage of stall feedingbservedfrom April

to August (Fig.®. L¥ GKSNB Aa NIAY Ay PTLINARESZ ANITAYy3I |
provide supplementary green fodder for livestock. Hersajerity d greenfeed shortage

drops a bit at April (Figl3. From August to October farmers get fodder for their livestock

FNRY NRIFRKNAGSNI aARSQa>Y 6SSRax UGKAYYAY3I LINI C
sorghum to make appropriate plant density) and froamgonunal grass reserves. In these

months, major livestock feed is green fodderg. 31)
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Fig. 29. Graph showing severity of dfeedshatage from grazingreas.
FS= few livestock/small land; FL= few livestock/large land; MS=mor
livestock/small land and ML=more livestock/large land.

Farmers' rating for dry feed shortage from grazing.

Severity : 0= no shortage, 1= low shortage, 2= shortage,

3= considerable shortage and 4=Extrem shortage
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Fig. 30. Stall feeding strateffpm stored teff straw and sorghum stovéiS=
few livestock/small land; FL= few livestock/large land; MS=more livestock/s
land and ML=more livestock/large land.
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Fig. 31. Graph showing seveuwtiygreenfeed shortageFS= few
livestock/small land; FL= few livestock/large land; MS=more
livestock/small land and ML=more livestock/large land.

Farmers' rating for green feed shortage from grazing and cut
carry method. Severity: 0= no shortage, 1= low shortage, 2=
shortage, 3= considerable shortage and 4=Extrem shortage.

Crop residues for stall feeding are kept by heaping them firmly to avoid the entrance of
rain/moisture and to protect the heap from falling (Fig. 32). Thehteques to heap teff
residue is different from that of sorghum and maize stovers.

Teff straw is packed in a circular manner and very fine parts such as husk are put on top
to seal the end of the heap. Sometimes farmers heap residues of different species
separately to feed their ox or cow (for example a plowing ox or a milking cow

Sorghum and maize stover is heaped by
putting them upright. Sorghum stover
of shorter varieties lik&Vedhakiris
heaped separately for the ease of
management. If it is mixkewith the

longer stalks, it creates an empty space §
in the middle which obscures firm

contact of all stalks that allows moisture
entrance. Furthermore, stover from Fig.32. Teffstraw (middle) andsorghum

Wedhakiris used only for feed but stover heapgsides) at home stead

stover formAbolaand Jigurtieare used

for feed, constration and fuel. Heaping separately helps them to easily allocate the
residue to targeted purposes

Nevertheless, heaping technique practiced in the area needs improvement to increase
shelf life and reduce quantity and quality deterioration of crop resgldee to exposure
to moisture and sunlight in the open air
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4.3.4Manure allocation

In the village, higher percentage of manure is allocated for fuel (Fig. 33). Due to reduction of
fire wood to satisfy their energy demand, there is an increasing userg thr fuel from

time to time. Farmers apply manure as organic fertilizer only at the homestead plots where
they usually plant maize. No one in the village applies manure to the main crop plots;
because these plots are far from homes and paths are notexent to transport with. In
addition, transporting manure from homestead to far plots requires labor and capital for
camel/donkey rent

120 - 8 no use
'|' T '|' fuel
100 4 T | fertilizer
80 - £ 80 - _|_ T
o T

60 - A o 60 -
= T &
Sa0 - 40 A
& T T 20 -

20 -

0 - T
0 ' - FS FL MS ML
fuel fertilizer no use

Fig.3. Proportion of dung allocation to different use®) @ndallocationby farm types B). FS= few
livestock/small land; FL= few livestock/large land; MS=more livestock/small land and ML=more
livestock/large land

Nutrient export from main crop fields that are far from homestead through stubble grazing
and removal of resiues for stall feeding coupled with manure application limited only to
homestead plots creates nutrient concentration around homesteads while degrading distant
plots. Still the amount of nutrients lost through burning is considerable. Large proportion of
manure and substantial amount of stover is used for fuel. In this way, the continuous
nutrient removal from crop plotg;dicates the need to design strong intervention strategies

4.4C I+ NJY S NBA Qmakirfg Orirésdugce@nd limiting factors
4.4.1 Decisionmaker

From male headed households (N=11) the dominant decision maker is male (Fig. 34). The
responses of 5 female headed households are not included in this figure; because some of
GKSY NByYyG 2dzi GKSANI flyR a2 (Klofihemhfa®e OF y Qi
son/daughter who take the responsibilities to make necessary decisions; and some of them

do not have livestock at all. Females in male headed households have better participation in
making decision, at least jointly, on cash crops and livéstoan on main crop and crop

residues. They do not make decision by themselves on any of these resources. This situation
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indicates that there is large influence of gender on making decisions on the use of
resources

10 - Male
9 - joint
8 |
o 1
S 6
E 5.
Z ,
3 |
2 |
1 -
0 . . . . .
Main crop Cash crop Crop residue Small Large

ruminants ruminants
Fig. 34. Decision makers on resources. Fenumest make decision
from 11 male head households. Joint: husabnd and wife decide toget

4.4.2 Factasinfluencing decisiormaking processes

Influencing factors in making decision are complex. For example, factors that affect
selection of teff varieties for planting differs from factors that influence selection of
sorghum varieties.

To select teff variety the factors are: immetidood demand (earliness), grain yield, and
market demand and seed availability. Farmers pBumignif they expect food shortage in
September and October otherwise they go for varieties in high demand by the market.
Bunignis an early maturing varietyt, takes about 2 months to mature (Ann&x The

variety Sikuar magnaives relatively higher grain yield (Fig. 15) and has higher market
demand. That could be the reason for the higher area coverage in the production season
(Fig.13) because teff is theamm cash crop in the area (Fig. 25).

To select sorghum variety the main factor is moisture availability at planting time. Though
there are a number of reasons for making decisions in the production system, the main ones
are availability of: water, land anlabor. Moreover, gender and open access to crop

residues at field influence decision making strategies

4.4.2.1 Water availability

Sufficient moisture availability at planting time determines the type of crop variety to be
planted. Time of rainfall affects especyalorghum variety selection in the area. When
farmers get sufficient rain in March and April, they plant late maturing but high yielding
varieties,AbolaandJigurtie If rain is late (July), they plant early maturing but low yielding
variety, Wedhakir There are twoWedhakirvarieties: relatively higher yieldinghite-
wedhakirand low yieldingNVedhakir Late maturing varietief\bolaand Jigurtie are highly
demanded onedor their grain (quantity and quality) and higher stover production (Fig.18);
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howeverwater availability limits variety selection at planting time. Respondents rank water
as the first limiting factor (Table 18

Table18. Influencingfactorsin making decisionsanks according td-f N S

priority.

Number of farmers ging

rank for majorimiting factors
Limiting factors 1% priority 2" priority 3 Priority
Water 15 1 0
Labor 1 4 7
Land size 6 2
Livestock feed 2 0
Soil Fertility 1 1
Fertilizer 1
Information on new technologies 1

Water alsolimits livestock productity. In
the long dry seasorfarmers have to buy
tape waterevery dayto their livestock Fig.
35). There are only two wateringoints
servingfor human and livesto&
consumptions of 103 householdSne can

imagine the stress on livestocknd the loses Y LS
in their body weightue to insufficient Fig.®. Water purchasing for livestock
water accessspell consumptionin December (early dry period).

4 4.2.2Land and herd size

Farmers who have relatively larger land leavere crop residues in the field, where as
those who have smaller do ndtarmers who havenore livestock collect as manyap
residues as possible and transport it to their homesteads for stall feeding. Whereas those
who have fewer livestock go for latter sale after they satisfy other needs (feed, fuel and
constructior).

4.4.2.3Labor scarcity

Labor scarcity is seasonal fomse farmers (at peak planting, weeding and harvesting times)
but it is a permanent factor for others especially for aged and female household heads. For
seasonal activities they hire labor that comes from the uplands; labor is available but the
price increaes at peak periods. Labor scarcity affentmyland managementctivities such

as harvestingcrop residudgransportingand manylivestockactivities

4.4.2.4Feed shortage

A high proportion of livestock feed is crop residues, either from stubble grarisizll
feeding (Fig. 36). Due to erratic rainfall and crop failure, farmers can face feed shortages to
the extent that they lose many of their cattle. As a result, they try to gather as many crop
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residues as possible from crop lands, transport it to betead and keep for later use;
either to sell or to use as fodder or fuel

120 - Green fodder/weed from cut-carry
T Stall feeding on Teff straw
100 - T )
Stall feeding on sorghum stover
§ 80 - - = Grazing on Sorghum stubble
E 60 - T m Grazing on grass
40 - T
20 -
0 .
1 2 3
Seasons

Fig. 36. Seasonfded sourcegcumulative average of all farm types) at Chorie, Ethiopie
Seasonsi1=July-September; 2= Octobddecember; 3= Januadune

4.4.2.5Genderof a housénold head

There is clear influence of gender on decision making processes (Fig. 34). The influence of
gender greatly affects especially land management and utilizationitpiutss. Female

headed households give their land to tillers while
sharing grain yields on a peet ratio. Grain sharing
ratios in the village are: halfalf (2: %), one third to
two third (1/3:2/3) and onefourth to three- fourth
(Y2:3/4) owner to tiller espectively. This affects
productivity of the land in such a way that the
renter/shareholder gives higher priority to his own
plots to till, weed and performs necessary field

Fig7. Porly managed plot:
owned by female headed
management. Figure 37 shows a plot owned by a houselold but shared.

female headed household whereas ted out. The plot is highly devastated by many weed
species such d3arthenium hysterophorus, Xanthium strumariubBigitaria spp.gtc. The
reason for less attention to shared or rented plots on the side of the tiller is that extra costs
for managing theplot to increase productivity are not included in the agreement set at the
beginning They agree only to share grain yield; then, if the tiller invests extra labor or
money to the land he has no legal ground to compensate extra costs from the output.

In the village, very laborious activities such as land preparation, harvesting crops and crop
residues, transporting crops and crop residues etc. are the responsibility of males. Timely
tillage, weeding, harvesting and threshing activities positively affeahtity and quality of
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outputs. Thus, lands owned by male headed households have better productivity than
female headed holdings. Moreover, males have the possibility to rent/share additional plots
leading to better access to resources. When they take ftotshare or rent, the agreement

is only for grain yields. Decision on the use of crop residues is solely made by the tiller

4.4.26 Open access to cpresidue

Arable plots, after crop harvest, are converted to
communal grazing lands for longer tinmethe dry season
(Berhanu et al, 2002). They are accessed by everyone fo
free grazing and free collection to home use fuel (Figs 38
39 and 40). This leads to crop residue competition in suc
a way that farmers transport it from field to homestead
as nuch as they can, to maximize their share and allocate )
it later for various uses. This practice worsens the remova?n previous cropped lands.
of crop residuesAs a resulthe physical and chemical characteristics of sieteriorate.

Fig38. Livestock frelggrazing

4.4.2.7 Energy demand

Woodlots are very liméd in the vicinity of the
GATEFAS® CFENXYSNB Ay (K
energy demand from these wood lots. For this
reason, people in the village, even some people in®&.
the nearby town, kobo, are using crop residues
and dung as main energy supphigs 39 and 40).

Fdzt FAL

According to the information obtained through
discussion with farmers, during tillage people from thef
nearby town (Kobo) come with carts to collect -
sorghum stover together with the roots for fuel. This
indicates the severity of crop residuemoval from the
arable plots. In addition, dung dropped overnight at
the homestead is picked, spread over stone fences to
facilitate drying and then used for fu€nly the part
that is not possible to use for fuel due to repeated
animal trampling is guied as fertilizer at homestead plots |

Fig.40. Backingnjerausing
sorghum stover

Similar to crop residue collection,-gitu dung is also
removed freely for fuel after it dries in the field (Fig. 41).
Even though dung dropped at crop fields while livestock
graze on stubbles can be one sourceaf organic input, N
people from the surrounding come with sacs or other Fig.4. Drydungcollected
containers, collect and take it to home for their cooking  from crop plots: for house
energy source. This is done throughout the dry period untiuse fuel.
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fields are covered by crops. One can see the negative effehisoptactice on soil organic
matter status

4.4.2.80thers

1 Increased market demand at the time of rain failure, the demand for crop residue to
livestock feed increases. Some farmers in the village gather as much crop residue as
possible and store it fdater sale expecting a possible market demand.

1 Transportation from field to home- Camel is the main pack animal for transporting
crop residues from field to homestead. Having camel or ability to pay for camel rent
(current rent is between 38 1 0 R.INNJ/c&melkrip) determines the transport of
crop residues from field to homestead. Farmers who cannot afford this are forced to
leave residues at field.

1 Plotdistance (from home):Farmers collect crop residue first from nearby to home
plots and thermove to far plots. If the plot distance is far enough that they cannot
manage due to shortage of labor & capital, then crop residues are left at field which
latter are taken by anybody for free. Many farmersdhorievillage have plots aDenbi
which is &#out 1 and %2 hour walk from their village. None of them bring crop residue
from Denbito home.In addition to plot distances, farmers who have relatively large
plots satisfy their demand from nearby plots and leave crop residues that are relatively
on farplots.

4.5 Soll fertility
4.5.1 @rrent fertility status

¢ KSNBE NS KAIKEe aAIYAFAOILYGH RAFFSNByOSa ohr
planted in N, P and K contents (Table 19). Mean separation using LSD shows that

differences are between the hosstead maize plots and the main crops (teff and sorghum)

L) 20a8 6KAOK NB F2dzyR G RA&alGFIyG t20FGA2Yy TN
O2y Syl 0SG6SSy YIATS LX20a FyR a2NHKdzY LI} 240
due to the fact hat sorghum has deep root system and higher root biomass to build up soll
OFNb2y GKIFIY OGSTFF ONRBLIT ,SGX GKSNB Aa air3ayaATa
significance. ANOVA shows rdm 3y A FAOF yi RAFFSNBYyOSa o6hT nodnyp
typesin soil C, N, P, and K contents with in plots that are planted similar.crops
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