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In complex mixed crop-livestock systems with limited resources and biomass scarcity, crop residues play
an important but increasingly contested role. This paper focuses on farming systemsin the semi-arid areas
of Zimbabwe, where biomass production is limited and farmers integrate crop and livestock activities.
Conservation Agriculture (CA) is promoted to intensify crop production, emphasizing the retention of
surface mulch with crop residues (CR). This paper quantifies the associated potential economic trade-offs
and profitability of using residues for soil amendment or as livestock feed, and explores aternative
biomass production options. We draw on household surveys, stakeholder feedback, crop, livestock and
economic modeling tools. We use the Trade-Off Anaysis Modd for Multi Dimensional Impact
Assessment (TOA-MD) to compare different CR use scenarios at community level and for different farm
types: particularly the current base system (cattle grazing of maize residues) and sustainable
intensification alternatives based on a CA option (mulching using maize residues +/- inorganic fertilizer)
and a maize-mucuna (Mucuna pruriens) rotation. Our results indicate that a maize-mucuna rotation can
reduce trade-offs between CR uses for feed and mulch, providing locally available organic soil
enhancement, supplementary feed and a potential source of income. Conservation Agriculture without
fertilizer application and at non-subsidized fertilizer prices is not financially viable; whereas with
subsidized fertilizer it can benefit half the farm population. The poverty effects of al considered
aternative biomass options are however limited; they do not raise income sufficiently to lift farmers out
of poverty. Further research is needed to establish the competitiveness of alternative biomass enhancing
technologies and the socio-economic processes that can facilitate sustainable intensification of mixed

crop-livestock systems, particularly in semi-arid environments.
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CA technologies can enhance immediate food security, but input costs are high.
Diversification into legumes can reduce biomass trade-offs and can be profitable.
Biomass technol ogies have marginal effects on small farms; poverty remains high.

Stakehol der feedback is critical for tailoring desirable intensification pathways.
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Abstract

In complex mixed crop-livestock systems with limited resources and biomass scarcity, crop residues
(CR) play an important but increasingly contested role. This paper focuses on farming systems in the
semi-arid areas of Zimbabwe, where biomass production is limited and farmers integrate crop and
livestock activities. Conservation Agriculture (CA) is promoted to intensify crop production,
emphasizing the retention of surface mulch with CR. This paper quantifies the associated potential
economic trade-offs and profitability of using CR for soil amendment or as livestock feed, and
explores aternative biomass production options. We draw on household surveys, stakeholder
feedback, crop, livestock and economic modeling tools. We use the Trade-Off Analysis Model for
Multi Dimensional Impact Assessment (TOA-MD) to compare different CR use scenarios at
community level and for different farm types: particularly the current base system (cattle grazing of

maize residues) and sustainable intensification alternatives based on a CA option (mulching using
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maize residues +/- inorganic fertilizer) and a maize-mucuna (Mucuna pruriens) rotation. Our results
indicate that a maize-mucuna rotation can reduce trade-offs between CR uses for feed and mulch,
providing locally available organic soil enhancement, supplementary feed and a potentia source of
income. Conservation Agriculture without fertilizer application and at non-subsidized fertilizer prices
is not financially viable; whereas with subsidized fertilizer it can benefit half the farm population. The
poverty effects of all considered alternative biomass options are however limited; they do not raise
income sufficiently to lift farmers out of poverty. Further research is needed to establish the
competitiveness of alternative biomass enhancing technologies and the socio-economic processes that
can facilitate sustainable intensification of mixed crop-livestock systems, particularly in semi-arid

environments.

Key words: Crop-livestock intensification, biomass trade-offs, farm types, economic impacts,

Zimbabwe

1. Introduction

Smallholder farmers in the semi-arid tropics combine farm and off-farm activities to achieve food
security, and preserve or improve their livelihoods. Diversified systems, using the complementarities
of crop production and livestock husbandry, appear to be robust opportunities for farmers to reduce
vulnerability to climatic shocks and improve adaptive capacity to continuous changes in the social-
ecological context (Ellis and Freeman, 2004; Lemaire et a., 2013). In particular, where external
inputs are relatively inaccessible, animal manure provides essential nutrients for crop growth, while
crop residues (CR) provide essential animal feed (Mclntire et al, 1992). Using animal draught power
farmers can prepare land in time, which improves water and nutrient use efficiency and increases crop
yields (Tittonell et al., 2007). In addition to crop input functions, livestock serve as the most important
on-farm capital and insurance in times of drought (Moll, 2005), equating livestock to an asset that can
be converted to cash. The cash from livestock can be used to buy food and cover shortfalsin crop

production. Livestock also make an important contribution to quality of life as the cash from livestock
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sales can be used for educational purposes and also to pay for medical expenses (van Rooyen and

Homann, 2009).

Resources for conducting the different farm activities, including crop production, soil conservation
and livestock husbandry are often limited. Limited access to biomass, nutrients, water, and labor
creates short and long-term trade-offs in resource allocation (Erenstein, 2002; Giller et al., 2009;
Thierfelder et a., 2012). Within a community, farm households are diverse in terms of resource
endowments; their level of resource access determines how they will be affected by the trade-offs and
what options they have to reduce the trade-offs (Dorward et a., 2009). The trade-offs on biomass use
are increasingly contested, particularly on CR allocation for feed and soil amendment in sub-Saharan
Africa (e.g. Giller et al., 2009). Crop residues play an important yet often underestimated economic
role as the link between crop and livestock activities (Mclntire et al, 1992; FAO, 2001a). Crop
residues are mostly used as animal feed (Valbuena et a. 2012). Semi-arid Zimbabwe illustrates a case
where rangeland feed resources are increasingly being converted into cropland, and CR therefore
increasingly serves the important function of supplementing livestock feed, especially during the dry
season from May until October (Rufino et a., 2011). Even though the nutritive value of cereal
residues is relatively low, feeding CR to livestock during dry periods and droughts sustains survival
when little aternative feed is available (Holness, 1999; Masikati, 2011). It aso sustains body

condition of draught animals, for early preparation of fields after the first rains.

The consequence of feeding most of the CR to livestock is that there are few alternatives to return
biomass to the fields, limiting the replenishment of organic material and protection of the soils (e.g.
against wind or water erosion). Although animal manure provides important nutrients for crop growth,
recommended volumes of 8-10 t/ha are rarely achieved (Mapfumo and Giller, 2001). Investing land
and labor in biomass producing cover crops has largely failed because smallholder farmers prefer
using their land for food production or would prefer feeding the biomass to livestock (Mazvimavi and
Twomlow, 2009). Therefore, the design of more sustainable farming systems needs to account for the

limited access to resources, potential trade-offs on resource allocation and the diversity of smallholder
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households. This design should go beyond describing potential trade-offs of biomass alocation
(Baudron et a. 2014), and should offer feasible and more sustainable pathways to overcome the

biomass production gap (Keating et ., 2010; Power, 2010).

One option to improve the sustainable intensification of these farming systems is the use of CR as
mulch, thereby recycling biomass and improving fertility and water management of inherently
infertile and often depleted soils. In Zimbabwe mulching has been promoted since 2004 as one of the
Conservation Agriculture (CA) components, providing crop-based food security (FAO, 2001b;
Hobbs, 2008; Kassam et a., 2009). Even though CA has a high potential for improving crop
productivity it faces several challenges particularly in semi-arid areas (Erenstein, 2002; 2003). Naudin
et a. (2011) infer a critical amount of about 2 -3 t residue mulch/ha to maintain soil fertility.
Retaining these volumes of CR is difficult in areas with low residue production, where farmers prefer
feeding the CR to livestock and where open grazing is a traditiona practice (Giller et a., 2009;
Vabuena et a., 2012). Furthermore, substantial fertilizer application is required to prevent N
immobilization when mulching CR with high C:N ratios (Rusinamhodzi et al., 2011; Nyamangara et
a., 2013b). The soil health effects of mulching also depend on the length of consistent mulching and
build up over time (Thierfelder et al., 2012). Apart from limited biomass in areas like semi-arid
Zimbabwe, the access to fertilizer and the lack of immediate yield benefits are major constraints for

the uptake of CA practices.

An aternative option is to diversify the cropping system by producing fodder legumes, low cost/input
technologies that can address soil fertility amendment and provide quality livestock feed at the same
time (Maasdorp and Titterton 1997; FAO, 2011). Mucuna (mucuna pruriens) has been identified as
one possibly attractive option for smallholder mixed farming systems. It was originally introduced
and promoted as a cover crop in commercia farming systems to improve crop productivity (Buckles
et a., 1998). It was later recognized for maintaining soil fertility, also under low soil fertility
conditions and for its drought tolerance (Cook et a., 2005). Experiments in Zimbabwe confirmed high

mucuna biomass production (2-6 t/ha) and feed quality (12.5% Crude Protein) under smallholder
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conditions in sub-humid and semi-arid areas, on poor quality soils and without P-fertilizer application
(Maasdorp et al., 2004; Masikati, 2011). In on-farm experiments farmers choose mucuna over other
legume crops for its high seed and biomass yield, low susceptibility to pests and diseases, and also for
its insecticidal effects and ability to suppress weeds such as imperata cylindrica and striga species
(dito). Despite its advantages, mucuna has not been widely adopted by smallholder farmers in
southern Africa (Homann-Kee Tui et al., 2013). With government and devel opment agents focussing
on staple food production, attention on feed and fodder technologies has been limited and is only

recently regaining interest.

The objective of this paper is twofold: i) to make explicit the economic value and trade-offs of
biomass allocation options for different types of smallholder crop-livestock farming systems in semi-
arid Zimbabwe; and ii) to analyse how aternative options could reduce such trade-offs, reducing the
biomass trap for these smallholder households. This study combines household questionnaires, crop
and livestock modeling tools, secondary data from on-farm experiments and an economic model to

calculate the net returns and economic trade-offs of biomass use.

2. Material and methods

2.1 Study area: Nkayi District

This study was implemented in Nkayi District in semi-arid Zimbabwe (Figure 1), characterized by
low and variable rainfall (Natural region Il and IV; Vincent and Thomas, 1957). Sails are mostly
deep Kalahari sands (Arenosols), with pockets of clay and clay loams, inherently infertile, with N, P
and S deficits. These soils have suffered degradation due to extended periods of crop production
under limited fertility management. Human population growth and expansion of households has led to
an increase of croplands by 13% against a reduction of rangelands and forests by 14% in the past 20
years (ICRISAT, 2010). Similar livestock densities on smaller rangeland areas aggravate degradation

processes and increase feed shortages (Powell et al. 2004). Land use is relatively extensive
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(Rockstrom et a., 2003), but with a strong integration of crops and livestock (Homann Kee-Tui et al.,

2013).

Figure 1. approximately here.

In Nkayi District crop productivity is currently very low, around 650 kg/ha of maize (Mazvimavi et
a., 2010; Masikati, 2011). During the 1990s, however, when maize production was promoted aong
with improved seed and fertilizer, yields were commonly around 1500 kg/ha (Government of
Zimbabwe, 2002). Currently, crop input use is low and largely limited to maize production. Only one
fifth of the farming households apply inorganic fertilizer with an average fertilizer rate of 54 kg/ha,
whereas only a third apply manure at an average rate of 1.5 t/ha (Homann-Kee Tui et d., 2013).
Animal traction is used to prepare 96% of the cropland. Conservation Agriculture, although widely
promoted, is practiced by less than 10% of the households. Planting basins are the most common CA
option, but these are associated with higher labour requirements. Livestock production is
recommended as the most appropriate form of land use that can be intensified by growing drought-
resistant fodder crops (Holness, 1999). About 60% of the households keep cattle, mostly for draught
power, manure, milk and sale (Homann-Kee Tui et d., 2013). Cattle mortality rates are high (~ 15%),
implying that valuable resources are being wasted and important income options from selling cattle
not realized. Average milk yields remain low (1.5 | per cow and day). Feed deficits are common but
less than 3% of farmers grow forages. Farmers estimated using about 20% of the available maize

residues for kraal feeding, with most CR (about 60%) being grazed in situ.

2.2 Data collection
The quantification of net returns of different farm activities and the ex-ante analysis of economic
trade-offs of biomass use were based on various combined datasets. Eight villages were selected
based on their distance to the market, nearby and far from main roads and the market place. Village
level focus group discussions were conducted in 2010 to better understand local land use systems, and

collect price information for agricultural inputs and outputs. Between 20 and 30 farmers from
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different backgrounds attended each group discussion. Household questionnaires were conducted in
2011 with 20 households of each of the selected village (n=160). This selection was based on
stratified random sampling accounting for levels of land and livestock ownership. Data collected
include socio-economic household characteristics, crop and livestock inputs and outputs and
estimated expenditures for crop and livestock activities, for the one-year observation period preceding
the surveys (Table 1). In 2012, feedback workshops engaged farmers and other local stakeholdersin
verifying research results and identifying promising options for more sustainable intensification of
smallholder agriculture in each of the selected villages. Finaly, secondary data were used to verify
household and village level data on input and output prices, crop and livestock production and to

quantify the effect of alternative optionsin crop and livestock production and costs (see Appendix 1).

# Table 1 approximately here.

2.3 Net returnsfor different typesof households

Households were stratified in three categories based on cattle herd size, as this influences farmers’
wealth status and the ability to invest in alternative technologies. Prices for crop and livestock
production (P) are derived from the median of estimated village prices by farmers. The quantities (Q)
and costs (C) of cerea grains and CR are assessed for each individua farmer for the one-year

observation period (Appendix 1).

The values of crop outputs were obtained from the grain outputs collected during the household
survey and the harvest index (HI, in Zimbabwe: 0.4 for maize, 0.35 for sorghum, and 0.3 for millet
and legumes - adapted from Hay and Gilbert, 2001). Cost components for crop production included
farmers’ estimates of cash expenses for maize production during the observed year, including land
preparation and (in)organic inputs. The costs for animal draught power used for field preparations are

based on field sizes, proportion of the fields prepared using animal tillage and village prices for
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draught power (cd subscript, see equations in section 4.2.1). The costs of manure applied were
calculated from estimated quantities of manure applications and village prices for manure (cma
subscript). Opportunity costs of draught power and manure were factored in even if households did

not pay cash for these services.

The value of livestock outputs was derived from the economic value of draught power, milk, manure
and animals sold. First, the value of draught power (Id subscript) was cal culated based on the number
of draught animals in the herd, village price for draught power, a ploughing period of 38 days/year,
and weighed by 0.96 to account for the villages™ actual area cultivated with draught power. Second,
the value of milk (Imi subscript) was calculated from the number of lactating animals in the herd, a
lactation period of 157 days for cattle and 93 days for goats ( Ngongoni et al., 2006), the average milk
yield per animal and the village price for milk. Third, the value of manure (Ima subscript) was
calculated from the number of animals, daily manure production (dry weight) estimated as 2.7% kg
bodyweight (Haileselass et a., 2009), adjusted by utilization factor of 0.7 (i.e. the estimated
proportion of manure used for fertilizing the fields), and village price for manure. Fourth, the value of
the number of animals sold, given away and consumed (Ih subscript) was cal culated based on village
prices. Other important herd flows (births and mortalities) were factored in the annualized herd asset
(herd assets= herd size at the end of the year + herd size at the beginning of the year /2). Cost
components for livestock production included farmers estimated cash expenses for externa inputs (le
subscript). Feed costs to maintain livestock condition during the dry period were factored in as
opportunity costs, even if farmers would not buy feed (If subscript). A 90 days dry season feeding
period was assumed; during the rainy season livestock feed entirely on rangelands (Masikati, 2011).
Farmers estimated that during this period livestock obtain about 40% of their daily feed requirements

(=0.4 x 2.5% bodyweight) from CR.

2.4 Economic trade-offs; The TOA-MD modéd
To calculate the economic trade-offs associated with biomass use, the Trade-Off Analysis model for

Multi Dimensional Impact assessment (TOA-MD) was used. TOA-MD is a parsimonious model that
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simulates potential technology adoption rates and welfare impact across entire, heterogeneous farm
populations and for different types of households (Antle, 2011). In the TOA-MD each farmer operates
a specific production system and earns net returns per defined time period. When the production
system changes because of the adoption of an aternative technology or policy, the returns for each
farmer aso change. Following this, technology adoption is modeled as the proportion of farmers who
would obtain a positive net return after correcting for the opportunity costs associated with the

technology (Antle and Valdivia, 2011).

This study expands available TOA-MD methods, by assessing the full values of the multiple crop and
livestock outputs and cross linkages within an integrated mixed crop-livestock farming system. We
estimated the monetized output values and valued the outputs used, consumed or sold at opportunity
costs. We assumed that the alternative systems (CA and maize-mucuna rotation) would affect the
maize and cattle activities, with cattle as main consumers of maize residues. The total cultivated land

would not change, and the other crop and livestock activities would not be affected.

24.1 Alternative optionsfor biomassallocation
The current system (conventional tillage, no mulching, predominantly grazing of CR) was compared
with two alternative systems to quantify economic trade-offs of different CR uses: (1) CA on athird
of the maize land with different fertilizer applications; (2) crop-diversification by converting athird of
the maize land into a maize-mucuna rotation(Figure 2). The third of the area that could be alocated to

CA or mucuna was determined during feedback workshops with farmers.

Conservation Agriculture option
The comparison included different fertilizer use rates and subsidies, to better differentiate the impact
of CA and fertilizer use on farm net returns:

- S2a CA with nofertilizer;

- S2b: CA with the recommended fertilizer rates (132kg/ha NPKS) at full cost; and

- S2c: CA with the recommended fertilizer rates at subsidized rates.
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The expected effects of the CA treatments on maize grain and residue yields were determined using
the 2009-11 Protracted Relief Program panel survey data (PRP, Nyamangara et al., 20133). Average
maize yields without CA treatments as assessed by the PRP survey (767kg/ha) were dightly above
those obtained from the household survey (710kg/ha). According to PRP data, mulching without
fertilizer application resulted in lower maize grain yields (518 kg/ha, 67.5%, relative yield), while

mul ching with fertilizer application increased maize grain yields (1760kg/ha, 229.5%, relative yield).

In the CA alternative, additional costs and benefits for maize and livestock production were included.
The crop function included additional costs for fertilizer application, distinguishing subsidized and
non-subsidized fertilizer (cfe subscript). Maize residues were alocated for mulching the CA land
(2t/ha, Naudin et a., 2012) (cmu subscript). Farmers with draught animals were assumed to invest in
the CA ripper mechanization, recently introduced to allow coverage of larger areas at relatively low
cost (25US$ acquisition). The costs for purchasing the ripper were discounted over 5 years (cr
subscript). We aso assumed that the draught power set free by CA ripper mechanization was used for
other fields. Farmers without cattle were assumed to use CA based planting basins which require 84.7
labor days per ha - an increase by 9 days per ha compared to the current system for farmers without
draught animals (cl subscript) compared to mechanized tillage that requires only 38.6 labor days’ha
(Nyamangaraet a., 2013a). Retaining CR in the field as mulch islikely to require some protective
measure. Costs of protection were however not included, since crop fields are usually fenced with

local fencing material, and can be maintained using labour during the off-season.

Livestock production under the aternative systems was caculated with the LIVSIM (LI1Vestock
SIMulator, Rufino et al., 2009) model, calibrated for Zimbabwean conditions (Rufino et a., 2011).
LIVSIM simulates cattle production with a monthly time step based on breed-specific genetic
potential and feed intake, following the concepts of Konandreas and Anderson (1982), and taking into
account specific rules for herd management. Energy and protein requirements are cal culated based on

AFRC (1993), whereas actual feed intake is simulated according to Conrad (1966). As a result of

10
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mulching under CA there is lower CR availability during the dry season, increasing feed shortages,

with repercussions on milk production, mortaity and calving rates.

Mucuna option

Trade-offs associated with the three-year maize-mucuna rotation were calculated by substituting a
third of the maize area with mucuna (Figure 2). Field experiments in research-managed conditions
showed that at 3.3t/ha mucuna biomass production and with 30% of the biomass retained on the
fields, maize yields increased by 67% in the following cropping season (Masikati, 2011). As a result
of the limitations of smallholder households, we assumed that they will only achieve half of the
researcher managed yield increase (i.e. a 34% increase in the subsequent maize yield). We assumed

the other 70% of the mucuna biomass are used as livestock feed.

Introduction of mucuna generated a new yield component (cmucc subscript) as well as costs for using
the biomass as mulch (cmucm subscript) or livestock feed (cmucf subscript). Since prices were not
available, equivalent values were derived. The equivalent value of mucuna as mulch was derived from
its N content (2%, Masikati, 2011) in comparison to inorganic fertilizer (8%). We assumed that
redligticaly only 75% N is potentially available, and use this as basis for estimating the fertilizer
effect. The equivalent feed value was derived from its CP content (13-15%) in comparison to
commercial stock-feeds (17%). We used 75% of the feed value as a basis for estimating the feed
effect, acknowledging that commercial stock-feed is generally preferable. Extra labor costs for
production, harvesting and storage were not included, since mucuna requires similar investments as
conventional maize. Asfor CA the costs for protective measures to retain mucuna biomass on the soil
were aso not included. Effects of the introduction of mucuna on livestock production were simulated
with the LIVSIM model. Simulated effects on livestock are entirely due to changesin feed availability

and, in particular in this case, also feed quality (energy and protein content).

The expected net returns from crop (3¢) and livestock (5,) activities, base for the choice of aternative

biomass allocations, were defined as follows, see also Figure 2:

11
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+3 L((P1dQua) +(PimiQumi)+(PimaQima) + (P Qun)—Cie-(PirQif))

(2&) R:zc((PCgAQCg) + Pcr(Ach( 1-H I)/ HI cr) 'Cce'(Pchcd)'(Pcmanma) '(PcmuQcmu)_( I:)cl ch)'Pcr
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(SS) R=2c((chAch) + Pcr(Ach( 1-HI )/ HI cr) + (Pcmucchmucc) 'Cce'( Pchcd) '( Pcmanma) '( Pcmuchcmucm)
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# Figure 2 approximately here.

4. Results

4.1 Net returns: crops, livestock and farms

In what follows, we first compare the net returns per crop production area unit and per tropica

livestock unit (TLU). We then aggregate and compare these net returns at farm level for the different

household types.

Crop production

The current net returns of crop activities differ by types of households (Table 2). The net returns from

conventional maize production are highest for households with small cattle herds (1-8 cattle). These

farmers achieve higher yields and revenues at relatively low production cost. The households with no

12
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cattle achieve medium net returns per ha maize; they have low revenues, and production costs are also
low. Farmers with large herds have the lowest net returns, because of high production costs for
externa inputs and manure application. Similar results were found for the net returns from other
crops, which were higher than for maize for farms with small and large herds. Other crops also have

lower variationsin revenues implying less risk.

# Table 2 approximately here.

The comparison of conventional maize production with the CA applications illustrates reduced net
returns under CA without inorganic fertilizer application, due to reduced yields and revenues and
increased costs for using the CR as mulch (Table 3). Net returns from CA with non-subsidized
fertilizer application are similar to conventional production practices; whereas with subsidized
fertilizer, farmers’ net returns are 30% higher. Through positive effects on maize yieds, fertilizer
application can improve immediate food security, but high costs of (unsubsidized) external inputs

reduce profitability.

The maize-mucuna rotation promises higher per ha net returns than the CA technologies. The higher
revenues stem largely from high quality mucuna biomass as maize production and revenues are lower
per aggregate unit crop area than under conventional practice due to land foregone from maize
production. The costs of the maize-mucuna rotation also seem high, accounting for mucuna biomass

used as mulch, athough these are imputed in-kind costs for interna services within the system.

# Table 3 approximately here.

Figure 3 compares the net returns from aternative technologies on maize production for different
types of farmers. For al farm types the maize-mucuna rotation seems the most profitable option as
well as having less variation, i.e. less production risk associated with this technology. Farmers with

small herds (1-8 cattle) have the highest net returns per unit land across the various technologies. For
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them mucuna can be an option of accessing high quality feed and mulch locally. Farmers without
cattle might find the maize-mucuna rotation advantageous as compared to CA practices, because of
increased revenues with limited investments. Farmers with large herds (>8 cattle) have the lowest net
returns per unit land; for them expanding or exchanging mucuna (e.g. draught power for mucuna) is

an option to reduce the costs for external inputs.

# Figure 3 approximately here.

Livestock activities

Net returns are higher per TLU cattle as compared to other ruminants, due to the multiple functions of
cattle (Table 4). The highest revenues are from draught power, milk and manure, less from off-take
(percentage of animals sold, consumed or given away in exchange for other benefits during a 1 year
observation period to the initial stock). Unlike for crops, the returns per TLU are higher for farmers
with large herds, notably through higher milk production and off-take rates. In comparison, farmers
with small cattle herds benefit from their animals mostly through draught power. Their milk yields are
lower and they can not afford to sell and/or consume cattle as much as their neighbours with larger
herds. It is important to note that few of the farmers with small herds bought cattle to invest in
upgrading the cattle herd. However, farmers with small cattle herds or those without cattle derive
higher benefits per unit small ruminants than farmers with large cattle herds. They generate more milk
from small ruminants and they also have higher off-take rates from small ruminants. A number of
farmers invested in goats, which explains the low off-take rates, and is a strong indication that these

farmers are trying to move up the livestock ladder.

# Table 4 approximately here

Withdrawal of CR from conventional grazing to mulching has limited effects on livestock
performance (Table 5). Net returns per unit cattle are about 10% lower under CA without fertilizer

application, and similar under CA with fertilizer application than under conventional grazing.
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Supplementary feeding mucuna biomass raises cattle production, notably though increased milk
yields and off-take, due to higher feed quality. Other effects associated with increased herd sizes are
limited. Since we are looking at a one-year period, limited effects on herd sizes are to be expected.
High standard deviations in Table 5 reflect variation across the farm types, especialy milk yields and
off-take in the mucuna scenario. Including the feed costs for mucuna biomass reduces the total net
returns per unit cattle production. Since these costs are internal services, adding mucuna as feed may

provide aviable livestock intensification option.

# Table 5 approximately here.

Farm level comparison

Table 6 aggregates the crop and livestock activities at farm level for scenarios with conventional and
alternative alocations of CR. Farmers without cattle are extremely cash and resource constrained and
they also have less land for farming. A greater share of their household income stems from off-farm
activities (>50%). Compared to farmers without cattle, those with small and large cattle herds make
about 7 and 14 times the aggregate returns from agricultura activities. The owners of large cattle
herds derive the largest share of their income from livestock, and less than 20% from off-farm

activities,

The CA scenario without fertilizer application results in reduced farm net returns. Poor households
without cattle lose proportionally more - about 40% of their farm net returns. The effects of CA with
fertilizer application are marginal on the net returns of the different farm types. If not subsidized, the
fertilizer costs tend to reduce the farm net returns. The net returns in the subsidized fertilizer scenario

are similar to conventional practices.
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The maize-mucuna scenario suggests the largest potential for improvement. Farmers without cattle
can amost double their net returns. Those with cattle can increase net returns by about 30%, through

mucuna biomass surplus, which positively affects cattle productivity.

# Table 6 approximately here.

4.2 Economic trade-offsand impacts on poverty

Here we assess the economic trade-offs of aternative CR uses for entire farms, also including off-
farm income activities (Figure 4). We compare potential welfare effects of alternative CR allocations

for the community and farm types.

Figure 4 illustrates the results from TOA-MD analysis, aggregated for the entire farming population.
The proportion of farm households that is expected to improve their economic situation is located | eft
from where the curves cross the x-axis (= negative opportunity costs). Those farms make benefits up
to the amounts on the y-axis. The areas between curves and under the x-axis present the possible
benefits. The points right from where the curve crosses the x-axis represent the percentage of farms
that are expected not to adopt the technologies because they would lose up to the amounts on the y-
axis. Above the x-axis are the costs. For the mgjority of farms in Nkayi District the maize-mucuna
rotation is economically the most attractive option — up to 82% of the farm households would benefit
and might therefore be willing to adopt the maize-mucuna rotation. The mai ze-mucuna rotation would
provide on average net benefits of additiona 269 US$H/farm. Fewer farms benefit from CA with
fertilizer application (46% in the subsidized and 37% in the non-subsidized scenario) and the average
net returns are less than under the current practices (a net loss of 44 US$H/farm in the non-subsidized
scenario, net loss of 21 US$/farm in the subsidized scenario). The comparison further illustrates that
farm level effects of subsidizing fertilizer are marginal (small area between the curves CA-fertilizer,

non-subsidized and CA-fertilizer, subsidized). Only about 13% of the farmers would find some
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advantage in adopting CA without fertilizer application; but on average thisimplies a net loss of 140

US$H/farm.

Figure 4 approximately here.

Figures 5 ac and Table 7 disaggregate the results by farm type, reiterating the relative
unattractiveness of CA without fertilizer and the attractiveness of the maize-mucuna option. The
maize-mucuna option is particularly attractive for the poor farmers without cattle (net benefits 85
US$/farm), with 91% potentially adopting against 78% for the farmers with larger cattle herds.
Whether they will realize these benefits depends on whether they could generate revenue from
mucuna biomass sale/exchange with other farmers. In an environment where farmers’ first priority is
producing food, reduced grain production might be a barrier for poor farmers to adopt this technology.
The CA with fertilizer application is particularly attractive to the intermediate group. More farms with
small herds would be self-sufficient in maize, 36% under the base scenario and 59% with fertilizer,
abeit with higher costs and risks involved in the purchase of inorganic fertilizer. Poor farmers with no
cattle would benefit from fertilizer use by improving their immediate food security situation. During
the observation year only 10% of the households were food self-sufficient, whereas fertilizer
application could raise this proportion to 18% of the households. Farmers with no cattle of their own
can spare their CR for mulch; although by restricting other cattle from grazing their CR they might
lose access to draught power exchange arrangements. The maize-mucuna rotation is associated with
reduced maize grain production (only 23% of the households are self-sufficient), but does not involve
external inputs. During dry years and maize failure farmers can harvest at least some mucuna biomass
for supplementary feed. Considering that these farm households are also extremely cash limited and
vulnerable, mucuna biomass through local seed multiplication can support these farmers to buffer dry
season feed and food shortages. Trade offs are highest for farms with large cattle herds. Greater
variation in net returns implies higher risks for these farmers, for either of the technologies (Figure 5c,

Table 7). As they are more livestock oriented and own more land than their neighbors, they would
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generate large volumes of supplementary feed under the maize-mucuna option, and sustain their food

security needs through sales of livestock.

# Figure 5, a-c approximately here.

The TOA-MD aso simulates the effects of the adaptation strategies on poverty rates in a given farm
population. According to the assumptions in this assessment, currently about 90% of the population
lives on less than 1 US$ per person per day (all households with no livestock and small herds, and
70% of those with large herds, Table 7). The effects of the smulated CA-options on poverty reduction
are extremely limited. Maize-mucuna technologies could drop the overall poverty rate to around 78%,
athough primarily benefiting those few farmers with large cattle herds, and overal poverty would

remain high.

# Table 7 approximately here.

5. Discussion

5.1 Trade-offsand profitability of CR allocation in mixed smallholder farming systems

The study results support the argument that trade-offs and profitability should be considered at farm
level for better-informed discussions and decisions on how crop-livestock systems can be intensified
in more sustainable ways (Pretty et al., 2011). Taking into account the complexity of crop and
livestock activities in farming systems like those in NKkayi, this study illustrates that biomass

constraints and trade-offs between CR uses for feed and mulch can be reduced.

The quantification of net returns and economic trade-off analysis has several limitations, which might

lead to overestimating the expected benefits from alternative technology options (Claessens et a.,

2009; Claessens et al., 2012). We combined the ex-ante modeling with stakeholder consultation at
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feedback workshops to gain confidence about the implications of the modeling results (Homann-Kee

Tui et a., 2013). The limitations were addressed as follows:

Quantification of non-monetary values: To account for the intrinsic services that crop and
livestock production provides and considering absence/weakness of functional markets, systems
products were valued based on simplifying assumptions and farmer estimations.

Causal relations and feedbacks of alternative biomass enhancing options in these complex
systems. This was partly solved by using the TOA-MD approach, combining different data
sources and farm components in order to assess the economic trade-offs of biomass allocation at
opportunity costs.

Farmers’ preferences on the adoption of aternative options: Even if the biomass enhancing
technologies seem to improve overall farm productivity and profitability, farmers might be
reluctant to adopt them. A close interaction with stakeholders to design and verify the potential
adoption of aternative optionsis needed.

Exogenous factors that inhibit adoption: Barriers that influence the context in which the biomass
enhancing technologies are disseminated were discussed with stakeholders at feedback
workshops. Stakeholders explained key factors required to enable the widespread adoption of
economically rational technologies.

Inter- and intra-annual variation in rainfall and rainfed crop production: We used an average
production year as the basis for the smulations. Seasonal variation in production and prices were
not taken into account. Interpretation of results should include a consideration that high frequency
of drought yearsimplies high risk for investments, especialy for external inputs.

Accounting for labor: Quantification of labor in crop and livestock activities was beyond the
scope of this study. Stakeholders confirmed that most activities are based on family labor and

focus on crop production.

The results from economic modeling provide important insights on the comparative advantages of

technical alternatives. Although maize is nearly universaly grown and the main food staple in the

study area, yields and returns are low. Farmers with small herds can obtain higher maize yields and
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revenues at reduced costs. There seems to be room for farmers with larger herds to achieve about 30-
40% increases in maize revenues, and up to three-fold higher net returns if they use their resources
more efficiently. Our analysis also shows that the returns to other crops per unit area are higher than
for maize, leading to the conclusion that the promotion of dual -purpose legumes merits new attention.
Off-farm income provides an important complement, and income from cattle is particularly important

for medium to large farms.

Considering the dominance of maize in this area, motivated by food preference and stronger support,
it is important to find cost-effective options for increasing the net returns from maize. Under the
current specification, maize under CA without fertilizer is not an attractive option, given lower yields
and higher costs compared to farmers’ current maize practices. Conservation agriculture with
subsidized fertilizer benefits almost 50% of the farm population in terms of immediate food security

and economically.

The maize-mucuna rotation shows potentially highest economic benefits, with positive feedbacks at
the farm-level, including organic fertilizer, supplementary feed and a source of income. Masikati et al.
(2013) established that mucuna can contribute to substantially higher yields of the subsequent maize
crop. Complete legume biomass removal can however lead to yield penaties (Mupangwa and
Tierfelder, 2013). The potential value of mucuna as high protein livestock supplementary feed has
been established earlier (Maasdorp and Titterton, 1997; Pengelly et a., 2004). Murungweni et al.
(2004) found the nutritional quality of mucuna biomass comparable with commercial stock feeds in
dairy and cattle pen fattening diets (15% and 14% CP respectively). Feeding mucuna can aso replace
maize residues used for feed and avail more maize residues for soil amendment. While access to
mucuna seed has been a challenge for mucuna production in semi-arid Zimbabwe, recent projects
introduced mucuna seed multiplication by smallholder farmers, also on small-scale irrigation land
(ICRISAT reports). More land is being converted to forage production as farmers realize that mucuna
provides quality biomass for supplementing livestock when conventional crop harvests often fail.

Farmers have started selling mucuna seed to other farmers and development organizations. They
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scored mucuna seed production higher than conventional crops for income generation and risk
management (dito). Adoption of mucuna however will depend on a careful assessment of farmers’
willingness to invest in feed instead of food, the local feed demand and feed transactions between
farmers. Less land under maize and cultivating mucuna as a forage could then generate higher net
returns per unit land than conventional maize. Further research is required also to establish whether
Mmucuna’s prospects are a product of somewhat artificial demands created by the development
community or are genuinely viable in the real world of resource-poor famers without development

support.

In the current specification, maize with CA appears viable only with fertilizer. This presents a major
challenge given the high costs associated with fertilizer application and other external inputs such as
improved seed or herbicides. Fertilizer application has been identified as an indispensable but often
missing element in CA technologies, for greater food production and more residue biomass for sail
cover (Vanlauwe et a., 2014). Most CA studies focus on productivity criteria, but do not disclose the
full costs involved for farmers if CA was not subsidized or supported by development and relief
operations (Mazvimavi and Twomlow, 2009; Nldovu et al., 2013). With declining soil fertility, high
costs and inaccessibility of inorganic fertilizer, the challenge remains to make the external inputs
available to farmers on a sustainable basis. Apart from fertilizer, high labor demands for weeding and
land preparation also chalenge the large-scde adoption of CA in an environment where

mechanisation or herbicides are not available to farmersin the mid-term (Ndlovu et a., 2013).

Farmers manage crop-livestock interactions to reduce biomass trade-offs (Valbuena et a., 2012). In
NKkayi, through collection and storage of CR farmerstry to reserve some of the residues for the critical
dry season period and improve the nutritional value of the residues. Historically CR are considered to
be community resources. Farmers open the crop fields after grain harvest for the communities to let
their animals graze on the CR. Reserving more CR implies that CR are becoming a private resource of
economic value (Sibanda et al., 2011). Feeding CR to livestock increases the availability of manure,

which can contribute to maintaining and increasing crop yields. Feeding CR to draught power animals
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enables crop intensification. Establishing these linkages within individual households and through
reciproca arrangements within communities and eventually markets would support sustainable
integrated crop-livestock systems. Whereas crop sales remain insignificant in the study area,
households sell livestock and reinvest into agricultural production, e.g. to acquire fertilizer or feed.
Livestock markets could serve as a platform to stimulate reinvestments into agricultura production,
and even encourage fodder markets, with the overall result being increased farm productivity (Duncan

etal., 2013).

An analysis of the nature and potential options to reduce economic trade-offs needs to include the
levels of resource endowments among smallholder households. The different types of households in
NKkayi experience trade-offs and benefits differently. In the medium term, once fodder markets are
established, fodder seed multiplication and/or biomass production bears the potential of a strong niche
market and low cost income opportunity for resource-poor farmers. Since these farmers make higher
net returns on crops other than maize, diversification into other legume crops should be promoted.
Househol ds with small herds benefit from CA, but the economic benefits from maize-mucuna rotation
would be greater. Using high-quality mucuna biomass they can sustain the crop-livestock synergies,
and produce more on the limited land while reducing reliance on external inputs. Households with
large herds and more access to land and capital tend to focus on cattle production. Converting more
land to mucuna is an option for them to substitute CR and reduce the costs for external inputs like

fertilizer and animal feed.

5.2 Preconditionsfor sustainableintensification of CR usage

Practical approaches to enhance biomass supply and use efficiency should comprise combinations of
technologies that strengthen the coupling between crops and livestock, stimulated by the right
incentives (Baudron et al., 2014). Promoting combinations of technologies is thus insufficient; socio-
economic processes are required through which mgjor barriers to sustainable intensification of mixed
smallholder farming systems can be removed (The Montpellier Panel, 2013). While the barriers

inherent to the biomass trap may appear common to many other parts of sub-Saharan Africa,
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addressing them requires context-specific solutions that involve innovative public support and links to

the private sector (Mc Dermott et al., 2010). Stakeholder consultation in Nkayi District identified the

following technical and institutional priorities for improvement:

Poor access to reliable supply of inputs and services and relevant knowledge about crop and
livestock production: While support given to CA-based agriculture has improved farmers’ access
to extension, most farmers do not have the knowledge to manage, process and use aternative
crops. Even the extension system itself does often not have the adequate knowledge to act as an
agent of change. More integrated crop-livestock extension services are required to assist farmers
in building their crop and livestock assets. Dual-purpose legumes and fodder technol ogies should
also be mainstreamed in extension messages.

Poor access to crop and livestock input and output markets. Market development should
stimulate diversification into alternative crop and livestock activities. Studies have shown that in
reaction to improved livestock markets farmers increased off-takes and started investing in
productivity enhancing technologies and bought stock feed (ICRISAT reports). Supplementing
purchased feed through loca production of e.g. mucuna offers opportunities for fodder markets.
The more farmers will be able to afford farming inputs, the more investors will be attracted to
supply inputs locally. Improved access to seed and fertilizer, with conducive government
policies towards affordable prices, appear indispensable requirements now for CA applications
in such semi-arid settings.

Lack of stakeholder coordination: Collective action among stakeholders is important — to link
farmers to existing and new markets, ensure relevant support services and improved capacity to
adjust to changing requirements, e.g. better preparedness to reorganize the activities in case of
droughts or other shocks, or better ability to respond to new market opportunities. Stakeholder-
driven processes should play a much greater role for developing an attractive environment for

technology adoption and incentives for market devel opment and participation.

5.3 Beyond trade-offs: potential effects on food security and poverty
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While promoting sustai nabl e intensification options, we should acknowledge that from an entire farm
perspective, the economic effects of the biomass enhancing technologies are often small. The study
confirms that in Nkayi single technologies may improve immediate food security, but increasing
agricultural production may only have a modest impact on the total farm income. Small farm sizes (on
average < 2 ha) and low net returns from crop production (104 US%ha for maize and 124 US%ha for
other crops) — comparable with Harris and Orr (2013) — do not alow farming families to adequately
live from crop production alone. This study has shown that farmers generate substantially higher net
returns by combining crop and livestock production. However, even when off-farm income was
included, about 90% of the farm population was still below the poverty line. The most promising
alternative technologies only reduced poverty among the top 25% of the farm households. The
extremely high poverty rates can be explained by the study area and the particular condition of
Zimbabwe during the study period — the second year after a magjor economic crisis with very low
monetary transactions and limited off-farm incomes. The limited effect of CA and maize-mucuna
technologies on the livelihoods of poor households and stronger effects for households with larger
cattle herds seem plausible. More comprehensive approaches are needed to strengthen processes
towards diversification of mixed farming systems and enhanced markets and create incentives for re-

investmentsinto the rural economies.

6 Conclusions

This study combines multiple sources of data and models in a trade-off analysis for different farm
types in order to explore the economic feasibility of biomass enhancing technologies in the context of
mixed farming systems in semi-arid Zimbabwe. It offers good insight into the potential and
profitability of aternative biomass enhancing technologies. Technologies that strengthen crop and
livestock production and the interactions while reducing dependency on external resources are
available, but need to be better integrated and barriers to their adoption addressed, including
profitability and risk considerations. In the medium term, in an enabling context, aternative biomass
systems can strengthen the coupling of crop and livestock activities at the household and landscape

level. To realize potential benefits from enhanced biomass availability and use, it is critical to improve
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the contextual conditions that will enable farmers to invest in and make appropriate returns on the
investments. This will include processes that inform farmers and decision makers on the economic

trade-offs and demonstrate the returns on fodder and CA technologies for different farm types.

Acknowledgements

The data for this paper were generated by the study on ‘Optimizing livelihood and environmental
benefits from CR in smallholder crop-livestock system in Sub-Saharan Africa and South Asia: South
African case study’, supported by the Systemwide Livestock Programme (SLP, Homann-Kee Tui
et al., 2013). We thank the CGIAR Research Programs Resilient Dryland Systems and
Policies, Ingtitutions and Markets for support. Specia thanks aso to Roberto Vadivia and
John Antle for capacitating on TOA-MD, Albert Chirima for GIS support, Swathi Sridharan
for editing and the anonymous reviewers for their constructive comments. The views
expressed in this paper are the authors’ and do not necessarily reflect the views of the SLP or

the authors’ institutions.

25



678

679

680

681

682

683

684

685

686

687

688

689

690

691

692

693

694

695

696

697

698

699

700

701

6 References

AFRC, 1993. Energy and Protein Requirements of Ruminants. An Advisory Manual Prepared by the

AFRC Technical Committee on Response to Nutrients. CABI International, Wallingford.

Antle, J. 2011. Parsimonious multi-dimensional impact assessment. Amer. J. Agr. Econ. 93 (5), 1292—

1311; doi: 10.1093/gjae/aar052.

Antle, J. M. and Vaddivia, R.O. 2011. TOA-MD 5.0: Trade-off Anaysis Model for Multi-

Dimensional Impact Assessment. http://trade-offs.oregonstate.edu.

Baudron, F., Jaleta, M., Okitoi, O., Tegegn, A. 2014. Conservation agriculture in African mixed crop-

livestock systems: Expanding the niche. Agriculture, Ecosystems & Environment 187: 171-182..

Buckles, D., Triomphe, B., Sain, G., 1998. Cover Crops in Hillside Agriculture: Farmer Innovation

with Mucuna. IDRC/CIMMY T, Ottawa.

Claessens, L., Stoorvogel, J.J., Antle, JM., 2009. Ex ante assessment of dual-purpose sweet potato in

the crop-livestock system of western Kenya: A minimum-data approach. Agric. Syst. 99 (1), 13-22.

Claessens, L., J. Antle, J. Stoorvogel, R. Vadivia, P. Thornton and M. Herrero., 2012. A method for
evaluating climate change adaptation strategies for small-scale farmers using survey, experimental

and modeled data. Agric. Syst. 111:85-95.

Cook, B. G.; Pengelly, B. C.; Brown, S. D.; Donnelly, J. L.; Eagles, D. A.; Franco, M. A.; Hanson, J.;
Mullen, B.F., Partridge, 1.J., Peters, M., Schultze-Kraft, R., 2005. Tropica Forages: an interactive

selection tool. CSIRO, DPI&F(QId), CIAT and ILRI, Brisbane.

Conrad, H.R., 1966. Symposium on factors influencing voluntary intake of herbage by ruminants —

physiological and physical factors limiting feed intake. J. Anim. Sci. 25, 227-243.

Duncan, A.J., Tarawai, SA., Thorne, P., Valbuena, D., Descheemaeker, K., Homann-KeeTui, S,
2013. Integrated crop livestock systems - a key to sustainable intensification in Africa. Tropical

Grasslands—Forrajes Tropicales, Specia Issue IGC 2013 (2), 202-206.

26



702

703

704

705

706

707

708

709

710

711

712

713

714

715

716

717

718

719

720

721

722

723

724

Dorward, A., 2009. Integrating Contested Aspirations, Processes and Policy: Development as

Hanging in, Stepping up and Stepping out. Dev. Policy Rev. 27(2), 131-146.

Ellis, F. and Freeman, H.A., 2004. Rural livelihoods and poverty reduction strategies in four African

counties. J. Dev. Stud. 40 (4), 1-30.

Erenstein, O., 2002. Crop residue mulching in tropical and semi-tropical countries. An evaluation of

residue availability and other technological implications. Soil Till. Res. 67, 115-133.

Erengtein, O., 2003. Smallholder conservation farming in the tropics and sub-tropics. a guide to the
development and dissemination of mulching with crop residues and cover crops. Agric. Ecosyst.

Environ. 100, 17-37.

FAO, 2001a. Mixed Crop-Livestock Farming. FAO, Rome.

FAO, 2001b. Conservation Agriculture: Case Studiesin Latin Americaand Africa. FAO, Rome.

FAO, 2011. Grassand Index. A searchable catalogue of grass and forage legumes. FAO, Rome.

http://www.fao.org/ag/AGP/AGPC/doc/GBA SE/Default.htm

Giller, K.E., Witter, E., Corbedls, M., Tittonell, P., 2009. Conservation agriculture and smallholder

farming in Africa: the heretics’ view. Field Crops Res. 114, 23-34.

Government of Zimbabwe, 2002. Central Statistical Office — Crops Sector Report. Harare.

Hailesassie A, Peden D, Gebreselassie S, Amede T and Descheemaeker K., 2009. Livestock water
productivity in mixed crop-livestock farming systems of the Blue Nile basin: Assessing variability

and prospects for improvement. Agric. Syst. 102, 33-40.

Harris, D. and Orr, A., 2013. Is rainfed agriculture realy a pathway from poverty? Agric. Syst.

http://dx.doi.org/10.1016/j.agsy.2013.09.005.

Hay, R. K.M., Gilbert, R.A., 2001. Variation in the harvest index of tropical maize: evaluation of

recent evidence from Mexico and Maawi. Ann. Appl. Biol., 138, 103-1009.

27



725

726

727

728

729

730

731

732

733

734

735

736

737

738

739

740

741

742

743

744

745

746

747

748

749

Hobbs, P.R., Sayre, K., Gupta, R., 2008. The role of conservation agriculture in sustainable
agriculture. Phil. Trans. Royal. Soc. B 363, 543-555.
Holness, D.H., 1999. Strategies for dry season feeding of animalsin Central and Southern Africa. In:

Proceedings of ajoint ZSAP/FAO workshop held in Harare, 25-27 October 1999. FAO, Harare.

Homann-Kee Tui, S., Bandason, E., Maute, F., Nkomboni, D., Mpofu, N., Tanganyika, J., van
Rooyen, A., Gondwe, T., Dias, P., Ncube, S., Moyo, S., Hendricks, S. Nisrane, F. 2013. Optimizing
Livelihood and Environmental Benefits from Crop Residues in Smallholder Crop-Livestock Systems

in Southern Africa. ICRISAT, Socio-economics Discussion Paper Series, 11. ICRISAT, Patancheru.
ICRISAT, 2010. ICRISAT Eastern and Southern Africa, 2009 Highlights. Nairobi.

Kassam, A., Friedrich, T., Shaxson, F., Pretty, J.,, 2010. The spread of Conservation Agriculture:

justification, sustainability and uptake. Int. J. Agric. Sust. 7, 292—-320.

Keating, B.A., Carberry, P.S., Bindraban, P., Asseng, S., Meinke, H. and Dixon, J. 2010. Eco-efficient

agriculture: concepts, challenges and opportunities. Crop Sci., 50, 109-119.

Konandreas, P.A.and Anderson, F.M., 1982. Cattle Herd Dynamics: An Integer and Stochastic Model

for Evaluating Production Alternatives. ILCA Research Report 2, ILCA Publications, Addis Ababa.

Lemaire, G., Franzluebbers, A., de Faccio Carvalho, P.C., Dedieu, B., 2013. Integrated crop-livestock
systems. Strategies to achieve synergy between agricultural production and environmental quality.

Agric. Ecosyst. Environ., http://dx.doi.org/10.1016/j.agee.2013.08.009.

Maasdorp, B. V., Titterton, M., 1997. Nutritional improvement of maize silage for dairying: mixed-
crop silages from sole and intercropped legumes and along-season variety of maize. 1. Biomass yield

and nutritive value. Anim. Feed Sci. Technol. 69, 241-261.

Maasdorp, B.V., Jiri, O., Temba, E., 2004. Contrasting adoption, management, productivity and
utilization of Mucuna in two different smallholder farming systems in Zimbabwe. In: Whitbread,
A.M., Pengelly, B.C. (Eds.), Tropical Legumes for Sustainable Farming System in Southern Africa

and Australia. ACIAR proceedings. 114, 154-163.

28



750

751

752

753

754

755

756

757

758

759

760

761

762

763

764

765

766

767

768

769

770

771

772

773

774

Mapfumo, P. and Giller, K.E. 2001. Sail fertility management strategies and practices by smallholder

farmersin semi-arid areas of Zimbabwe. ICRISAT and FAO, Bulawayo.

Masikati, P., 2011. Improving the water productivity of integrated crop-livestock systems in the semi-

arid tropics of Zimbabwe: ex-ante analysis using simulation modeling. Ph.D. Thesis, ZEF, Bonn.

Masikati, P., A. Manschadi, A. van Rooyen, J. Hargreaves., 2013. Maize-mucuna rotation: An
aternative technology to improve water productivity in smallholder farming systems. Agr. Syst. 2013.

http://dx.doi.org/10.1016/j.agsy.2013.09.003.

Mazvimavi, K. and Twomlow, S., 2009., Socioeconomic and ingtitutional factors influencing

adoption of conservation farming by vulnerable households in Zimbabwe. Agric. Syst. 101, 20-29.

Mazvimavi, K., Ndlovu, P.V., Nyathi, P., Minde, 1.J., 2010. Conservation agriculture practices and
adoption by smallholder farmersin Zimbabwe. In: AAAE 3rd Con- ference/ AEASA 48th Conference,

Cape Town, South Africa, AAAE, South Africa, September 19-23.

Mclntire, J., Bourzat, D., Pingali, P., 1992., Crop-Livestock Interactions in Sub-Saharan Africa.

World Bank, Washington, D.C.

McDermott, JJ., Staal, SJ., Freeman, H.A., Herrero, M., Van de Steeg, JA., 2010., Sustaining

intensification of smallholder livestock systemsin the Tropics. Livest. Sci. 130 (1-3), 95-109.

Moall, H.A.J., 2005., Costs and benefits of livestock systems and the role of market and nonmarket

relationships. Agric. Econ. 32, 181-193.

Mupangwa, W. and Thierfelder, C., 2013. International Journal of Agricultural Sustainability. 2013.
Intensification of conservation agriculture systems for increased livestock feed and maize production

in Zimbabwe, Int. J. Agric. Sust., DOI: 10.1080/14735903.2013.859836.

Murungweni, C. Mabuku, O., Manyawu, G.J., 2004 Mucuna, Lablab and Paprika Calyx as substitutes
for commercial protein sources used in dairy and pen-fattening diets by smallholder farmers of
Zimbabwe. In: A.M. Whitbread and B.C. Pengelly (Eds.) Tropical legumes for sustainable farming

systemsin southern Africaand Australia. ACIAR Proceedings 115, 126 -135.

29



775

776

777

778

779

780

781

782

783

784

785

786

787

788

789

790

791

792

793

794

795

796

797

798

799

800

Naudin, K., Scopd, E., Andriamandroso, A.L.H., Rakotosolofos, M., Andriamarosoa Ratsi mbazafy,
N.R.S., Rakotozandriny, J.N., Salgado, P., Giller, K.E., 2011. Trade-offs between biomass use and
soil cover. The case of rice based cropping systems in the lake Alaotra Region of Madagascar. Exp.

Agric. doi:10.1017/S001447971100113X.

Ndlovu, P.V., Mazvimavi, K., An, H. Murendo, C. 2013. Productivity and efficiency analysis of
maize under conservation agriculture in Zimbabwe. Agr. Syst.,

http://dx.doi.org/10.1016/j.agsy.2013.10.004.

Ngongoni N.T., Mapiye, C., Mwale, M., Mupeta, B. 2006. Factors affecting milk production in the

smallholder dairy sector of Zimbabwe. Livest. Res. Rural Devel.18, 72.

Nyamangara, J., Mashingaidze, N., Nyengerai, K., Kunzekweguta, M., Masvaya, E., Tirivavi, R.,
Mazvimavi, K., 2013a. Weed growth and labour demand under hand hoe based reduced tillage in
smallholder farmers’ fields in Zimbabwe. Agric., Ecosyst. & Env.

http://dx.doi.org/10.1016/j.agee.2013.10.005.

Nyamangara, J., Nyaradzo Masvaya, E., Tirivavi, R., Nyengerai, K.,2013b. Effect of hand-hoe based
conservation agriculture on soil fertility and maize yield in selected smallholder areas in Zimbabwe.

Soil and Tillage Res. http://dx.doi.org/10.1016/j.<till.2012.07.018.

Pengelly, B.C., Whitbread, A., Mazaiwana, P. R., Mukombe, R., 2004. Tropical forage research for
the future — Better use of research resources to deliver adoption and benefits to farmers In: In: A.M.
Whitbread and B.C. Pengelly (Eds.) Tropica legumes for sustainable farming systems in southern

Africaand Australia. ACIAR Proceedings 115, 28-37.

Powell, JM., Pearson, R.A., Hiernaux, P.H., 2004. Crop-livestock interactions in the West African

drylands. Agron. J. 96, 469-483.

Power, A.G. 2010. Ecosystem services and agriculture: Tradeoffs and synergies. Phil. Trans. R. Soc.

B., 365(1554): 2959-2971.

Pretty, J., Toulmin, C. and Williams, S., 2011. Sustainable intensification: increasing productivity in

African food and agriculture systems. Int. J. Agric. Sust. 9, 5-24.

30



801

802

803

804

805

806

807

808

809

810

811

812

813

814

815

816

817

818

819

820

821

822

823

824

825

Rockstrom, J., Barron,J. and Fox, P., 2003 Water Productivity in Rain-fed Agriculture: challenges and
opportunity for smallholder farmers in drought-prone tropical agro-ecosystems. In JW. Kijne, R.
Barker and D. Molden (Eds.) Water Productivity in Agriculture: Limits and Opportunities for

Improvement. CAB International, 145-162.

Rufino, M.C., Herrero, M., van Wijk, M.T., Hemerik, L., de Ridder, N., Giller, K.E., 2009. Lifetime
productivity of dairy cowsin smallholder farming systems of the highlands of Central Kenya. Animal

3, 1044-1056.
Rufino, M.C., Dury, J., Tittondl, P., van Wijk, M.T., Herrero, M., Zingore, S., Mapfumo, P., Giller,
K.E., 2011. Competing use of organic resources village-level interactions between farm types and

climate variability in acommunal areaof NE Zimbabwe. Agric. Syst. 104, 175-190.

Rusinamhodzi, L., Corbeels, M., van Wijk, M.T., Rufino, M.C., Nyamangara, J., Giller, K.E., 2011. A
meta-analysis of long term effects of conservation agriculture on maize grain yield under rain-fed

conditions. Agronomy Sust. Developm. 31(4): 657-673.

Sibanda, A., Homann-Kee Tui, S., van Rooyen, A., Dimes, J., Nkomboni, D., Sisito, G,
2011. Understanding community perceptions of land use changes in the rangelands,
Zimbabwe. Exp. Agric. 47, 153-168.

The Montpellier Panel, 2013. Paradigm for African Agriculture. Agriculture for Impact, London.

Thierfelder, C., Cheesman, S., Rusinamhodzi, L., 2012. A comparative analysis of conservation
agriculture systems: Benefits and challenges of rotations and intercropping in Zimbabwe. Field Crops

Res. 137: 237-250.

Tittonell, P., van Wijk, M.T., Rufino, M.C., Vrugt, JA., Giller, K.E., 2007. Analysing trade-offs in
resource and labour alocation by smallholder farmers using inverse modeling techniques. A case-

study from Kakamega district, western Kenya. Agric. Syst. 95, 76-95.

Vabuena, D., Erenstein, O., Homann-Kee Tui, S., Abdoulaye, T., Claessens, L., Duncan, A.J.,

Gérard, B., Rufino, M., Teufel, N., Rooyen, A. van, van Wijk, M.T., 2012. Conservation Agriculture

31



826

827

828

829

830

831

832

833

834

835

in mixed crop- livestock systems: Scoping crop residue trade-offs in Sub-Saharan Africa and South

Asia. Fidd Crops Res. 132, 175-184.

Vanlauwe, B., Wendt, J. Giller, K.E., Corbeels, M., Gerard, B., Nolte, C., 2013. A fourth principle is
required to define Conservation Agriculture in sub-Saharan Africa: The appropriate use of fertilizer to

enhance crop productivity. Field Crops Research 155: 10-13.

van Rooyen A. and Homann-Kee Tui S., 2009. Promoting goat markets and technology development

in semi-arid zimbabwe for food security and income growth. Trop. Subtropi. Agroecosyst. 11, 1-5.

Vincent, V and Thomas, R.G., 1957. An agricultural survey of Southern Rhodesia. Part I: Agro-
ecological Survey. Ministry of Agriculture, Government of the Federation of Rhodesia and

Nyasaland, Salisbury.

32



Tables

Table 1. Base system characteristics of 160 mixed farms used for the analysis, by farm types, in Nkayi

district
Items Units Ocattle 1-8cattle > 8 cattle Total
Mean Mean Mean Mean  Std. Dev.
Proportion in community % 425 38.1 194
Household members people 59 6.9 7.4 6.6 25
Proportion of female % 279 311 22.6 28.1
headed households
Net returns maize US$H/farm 60 163 63 99 122
Net returnsother crops US$/farm 32 58 51 45 53
Net returns cattle US$H/farm 0 485 1363 449 596
Net returnsother livestock  US$/farm 9 19 15 14 29
Off-farm income US$/farm 223 292 295 263 219
Farmswith maize % 98.5 100.0 100.0 100.0 0.1
Maize area Ha 11 14 18 13 0.8
Maizegrain yield kg/ha 497 826 675 657 531
Farmswith small grains % 235 32.8 419 30.6 46.2
Small grain area Ha 0.7 0.7 1.0 0.8 0.8
Small grain yield kg/ha 393 726 327 512 622
Farmswith legumes % 33.8 49.2 48.4 425 49.6
Legumearea ha 04 04 0.5 04 0.3
Legumeyidds kg/ha 452 722 388 557 541
Cattle* TLU 0 5.4 13.9 47 4.7
Other livestock * TLU 0.3 0.5 16 0.6 0.9

* Herd size: Cattle=1.14 TLU, donkeys= 0.5 TLU, goats and sheep =0.11 TLU
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Table 4. Budget analyses for conventional cattle and other ruminantsin Nkayi district, by farm types,

USS$ per TLU
Items 0 cattle 1-8 cattle > 8 cattle
Mean Std.Dev. Mean Std.Dev. Mean  Std.Dev.
Cattle

Revenue Draft pwr. 47 32 35 16
Milk 22 28 37 24
Manure 20 17 23 11
Off-take 1 54 16 27
Total 96 38 110 39

Var. Cost CRfeed* 9 9
Ext. input 1 1 1 1
Total 10 1 10 1

Net return  Tota 87 32 100 39

Other ruminants

Revenue Milk 34 41 20 35 3 11
Manure 13 13 16 14 15 11
Off-take -2 144 7 88 13 43
Total 67 105 56 62 37 37

Var. Cost CR feed* 9 9 9
Ext. input 1 1 1 1 1 1
Tota 10 1 10 1 10 1

Net return Total 57 106 45 62 26 37

*Feed costs per TLU are the same across cattle and goats, due to the assumptions made on feed
intake.
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Table 7. Economic indicators for impact of CA technologies and mai ze-mucuna rotation in Nkayi

district, by farm types

Ocattle  1-8cattle >8cattle Total
Potential adoption rate (% of farm population)
CA, nofertilizer (S2q) 8 21 8 13
CA fertilizer, non subsidized (S2b) 35 48 23 37
CA fertilizer, subsidized (S2c) 50 55 27 46
Maize — Mucuna rotation (S3) 91 77 78 82
Potential net losses from technology adoption (US$ per farm)
CA, nofertilizer (S2q) 40 126 389 140
CA fertilizer, non subsidized (S2b) 17 7 174 44
CA fertilizer, subsidized (S2c) 0 -17 142 21
Maize — Mucuna rotation (S3) -85 -318 -571 -268
Poverty rate (% of farm population living on < 1US$ per day)
CA, no fertilizer (S2q) 100 99 70 90
CA fertilizer, non subsidized (S2b) 100 99 67 89
CA fertilizer, subsidized (S2c) 100 98 65 88
Maize — Mucuna rotation (S3) 100 82 38 78
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Figure 1. Study site Nkayi district in West Zimbabwe and agro-ecological regions in Zimbabwe

(ICRISATGISo ce, 20 ).
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