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Abstract

Farmers at Chorie, North Wollo, are smallholders engaged in a mixed crop-livestock system.
In Ethiopia, smallholder crop-livestock farming systems produce about 90% of the total grain
production and keep 70% the livestock. Mixed farming systems also support two-third of
the world population. Despite the importance of the system, the tradeoffs between food
and feed productions are major constraints for system sustainability. The general objective
of this study is to explore and analyze crop residue and manure management practices and
their influence on farm productivity. Data on resource allocation and other socio-economic
aspects were gathered using semi-structured questionnaire. Current biomass production, N
content and digestibility of crop residues (teff straw and different parts of sorghum stover)
and soil nutrient status of the area were studied from fields of sixteen farmers. Yield data
were collected at normal harvesting period of the main cropping season by taking samples
using quadrants of sizes 0.25m? for teff and 1m? for sorghum. Soil samples were performed
using Edelman auger from the top 0-30 cm depth. Different varieties of teff and sorghum
were sampled. Accordingly, from teff varieties, Sikuar magna produces higher grain
(P=0.001) and both Sikuar magna and Abat magna produce higher straw (P=0.000) yields.
However, Tikurie showed higher straw digestibility than Abat magna(P=0.040). From
sorghum varieties, Jigurtie produces higher grain yield (P=0.000) whereas Abola produces
higher stover yield (P=0.000). In N content, significant differences were observed at leaf
sheath (P=0.023), middle and lower stem parts (P=0.014; 0.036 respectively); whereas, in
digestibility, differences are only at lower stem parts (P =0.029). High percentage of maize
and sorghum grains are used for home consumption but teff grain is used for sale. About
90% of teff straw, 74% sorghum and 81% of maize stovers are used for livestock feed as
stubble grazing and stall feeding. Allocation of sorghum stover for fuel is high next to
livestock feed. Manure sharing is about 46% and 28% for fuel and for fertilizer respectively;
the remaining is left un-used. 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 into the soil. Scarcities of feed, fire wood,
labor; gender of a household head and open access to crop residues are influencing factors
for making decisions. Therefore, the study area needs strong interventions to: a) increase
biomass production to satisfy the competing uses of crop residues, b) improve manure
usage as fertilizer, c) enhance soil and water conservation practices, d) diversify alternative
livestock feeds and energy sources, and e) introduce legal support for crop residues
property right and for land renting/sharing agreements.

Key words: crop residue; feed; livestock; manure; 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 mixed crop-livestock system.
Small holder crop-livestock systems are dominant in Ethiopia. In the country, these systems
produce about 90% of the total grain production (Anderson, 1987; Jagtap and Amissah,
1999) and keep about 70% of the livestock (Shitahun, 2009). One can see the potential of
this smallholder crop-livestock integrated farming to provide food and feed to peoples’
livelihood in the country. The systems also play significant role in other parts of the
developing world. According to Herrero et al. (2010), mixed crop-livestock farming systems
support the world’s 1 billion poor people; they reported that two-third (2/3) of the global
population live in small holder crop-livestock systems.

Crop-livestock integrated farming is complex and dynamic with many interacting biophysical
resources (Mark et al., 2009) and socio-economic factors. Productivity and sustainability of
a system depends on appropriate decisions on resource allocations on to the different
sectors and efficient use of available resources. Key resources that can form constraints for
crop-livestock systems include land, livestock, feed, labor, soil nutrients, cash and market
(Giller et al., 2006; 2009). Decisions on these resources are influenced by a number of
factors such as rainfall, tenure security, household endowments (Di Falco et al., 2010),
gender, as well as short term and long term needs of households. Since the most
responsible 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 dominant decision makers on land management activities, selection
of crop varieties, management of crop residues and livestock activities. Females in male
headed households do not make decision independently; sometimes they decide jointly
with their husband. Female headed households depend on decisions of family members
(son/daughter if available) or land tillers/shareholders. When female headed households
rent out their crop land, the renter do not worry about fertility management of rented plots
aiming at short-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 land activities
also influence the type of crop to be planted which determines the yield at the end. As a
result of these, productivity and sustainability of rented/shared plots is at risk.

Different varieties of teff (Eragrostis teff), sorghum (Sorghu bicolor L. Moench) and maize
(Zea mays L.) are grown in the area. The availability of alternative varieties increases
farmers’ flexibility to respond to climate, market and social variations (di Falco et al., 2010).
For example, farmers at Chorie village, plant Bunign (early maturing teff variety) if they
expect food shortage at September and October. Otherwise, they plant market demanded



variety “Sikuar magna”. Variety selection for sorghum depends on rain fall. High yielding
varieties (Abola and Jigurtie) require longer periods to mature. They can be planted if there
is sufficient rain in April and May. The low yielding but early maturing variety Wedhakir is
used as an alternative if there is failure of rain in these months. Mostly, teff grain is used for
sale whereas, sorghum and maize grains are used for home consumption. Residues from
both teff, sorghum and maize crops are mainly used for livestock feed. Moreover, sorghum
stover is also used as energy source for cooking in the house.

In the northern part of Ethiopia, where there is pasture land, 45% of livestock feed is
derived from crop residues (Berhanu et al., 2002). However, in areas where there is limited
pasture land, crop residues account over 90% of total livestock feed including stubble
grazing and stall feeding (de Leeuw, 1997). Farmers at Chorie, have no pasture or grass land
for their livestock year round feed supply. Their pasture area is common reserve for
selective grazing (high value livestock like a milking cow or an ox) at severe feed shortage 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 feed source for farmers in the area. Crop residues are also highly demanded
livestock feed in other parts of the developing world, especially in semi-arid zones (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 crop residues
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 livestock types. Farmers at Chorie
keep cattle, sheep, goat, camel and donkey; sometimes farmers own composition 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 pasture lands throughout the year. The
decreased number of these animals could be due to shrinkage of pasture lands as a factor of
increasing land cultivation due to human population increase.

The dominant livestock owned by farmers at the study area is local bread cattle (Raya
breed). According to Rufino (2008), cattle are also the main livestock type in other African
smallholder crop-livestock systems. Cattle have the ability to digest low quality feeds and
roughages (Williams et al., 1997). They graze stubble in the 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 SLP-ILRI (System wide Livestock Program- International Livestock
Research Institute) research project entitled “Optimizing livelihood and environmental
benefits from crop residues in smallholder crop-livestock systems in sub-Saharan Africa and
South Asia: regional case studies”. In Africa the project conducts research at South Africa,
West Africa and East Africa. Kenya and Ethiopia are the East Africa countries for the project.
In Ethiopia there are two sites: Nekemte (western Ethiopia) and Kobo (North-Eastern
Ethiopia); at each site eight villages are selected. This thesis explores farming system at
Chorie village, one of the eight selected villages at Kobo site. The village is one of the two
near-near (near to market- near to road access) villages. In the village, farmers settled on
higher slopes following the contour of the mountain. Their main arable plots are far from
home. Majority of the farmers own less than 1.5 ha of land.

In the study area, farmers depend on crop residues for their livestock feed through direct
grazing in the field and in stall after livestock clear stubbles and when crop lands are
planted. However, they do not apply soil fertility inputs such as manure or chemical fertilizer
to the main arable plots. In crop-livestock farming, nutrient cycling of crop residues in to
manure (Harris 2002; Zingore et al., 2007a; Samaddar, 2008) governs system sustainability
but farmers in the study area do not sufficiently use manure for soils while they total
depend on crop residue for their livestock feed. Furthermore, they use sorghum stover as
energy source for cooking. This practice without soil amendment strategies resulted in
severe soil fertility degradation. This report presents investigation of current biomass
production and crop residue and manure management practices of farmers at Chorie
village, North Wollo, Ethiopia. Furthermore, it describes factors that are influencing farmers’
decisions, and indicates the long-term impacts of current practices on soil fertility and land
productivity status.

1.2 Research questions

1.How important are crop residues and manure for 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 differences among farm types or not?

3.What are influencing factors for farmers’ decisions on resource allocation?

4.How important is the influence of current crop residue and manure management
practices on future land productivity?

1.3 Objectives

General objective:- the general objective of this research is to explore and analyze how crop
residues and manure management practices influence farm productivity in smallholder
crop-livestock farming systems.



Specific objectives:-the specific objectives of this research are:

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

e To characterize the farming system (crops and livestock) of Chorie village

e To quantify biomass production, analyze N content and digestibility of crop residues

e To understand farmers’ resource allocation, decision making processes and
influencing factors for decision makings

e To assess long-term impact of crop residues and manure management practices on
land productivity



Chapter 2. Literature review
2.1 Role of crop residues as livestock feed

According to Zingore et al. (2007a), livestock have multiple functions in the economy of
smallholder farms in sub-Saharan 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 and threshing, and they add nutrients to soils
through manure (Tangka et al., 2000; 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 values 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 al., 2010) 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 as by-products in crop production activities but they are vital
source of livestock feed in the mixed crop-livestock system (Williams et al., 1997). Crops
provide residues (straws/stover) and un-marketable surpluses to feed livestock. This role
may not be significant in places where there is range land that livestock can get considerable
amount of feed. However, since crop-livestock 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 sources for livestock are becoming crop by-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 soil. Nevertheless, over use of crop residues 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 crop-livestock systems should focus
on balancing the flow of nutrients between the crop and livestock sectors (Tittonell et al.,
2008; Benjamin et al., 2010). This can be done by efficient use of manure for soil fertility
management, substantial amount of crop residue retention in the field and additional inputs
from outside of the field to replenish nutrients that are lost in the process. Maintaining soil
fertility guarantees good crop biomass production and sustainable crop residues supply for
livestock; hence sustaining the nutrient flow.

2.2 Crop residue allocation and trade-offs

Poor soil organic matter content and limited nutrient availability to crops are key problems
to low agricultural productivity of sub-Saharan Africa (Schlecht and Hiernaux, 2004). The
physical, chemical and biological properties of soils can be improved 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
decomposition (Beauchamp and Voroney, 1994). Benjamin 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 carbon supply to soils is a factor of biomass yields, harvest index
and the proportion of feed carbon retained in the manure. In crop-livestock mixed system
where there is high percentage of crop residue allocation for feed, soil C maintenance is
only from manure and root-C 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 erosion and improve 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 (1.5t ha)
doubled maize yield even at low rain fall areas. The result 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 improvement. Crop residues
represent about half of the nutrients exported through the main commodity production
(Unger 1990, cited in Latham, 1997). Therefore, substantial amounts of crop residue
retention increase soil fertility. The effect is high when combined with other nutrient
sources like manure or inorganic fertilizer (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 mineral fertilizer use efficiency for crop residue applied plots. This soil
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 efficiency 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.
From 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 temperate regions
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., 1991; 1997). 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 productivity through effective soil and water conservation



practices. Thus, crop residue allocation for livestock feed and for soil fertility measures are
key management aspects to avoid negative trade-offs between the livestock and crop
sectors in crop-livestock systems.

There are different ways of balancing the trade-offs. 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 forages, 3) practicing alley cropping
of nitrogen fixing plants at field margins/hedges, 4) more effective use of waste lands, 5)
improving the balance between feed supplies and animal populations, and 6) using
alternative fuel sources. These alternatives require inter-disciplinary and integrated
approaches based on realities existing under local circumstances. The extent of feed
shortage and or seasonal biomass production determines degree of s