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Foreword

In much of southern Africa, large rural-based populations rely on subsistence and
smallholder cropping and livestock enterprises. The productivity and sustainability of
these livelihoods are threatened by various forms of land degradation. As well, both
the quality and quantity of forage crops restrict animal production.

ACIAR funded a project in southern Africa to develop sustainable animal and
cropping systems based on the integration of well-adapted forage plants and appro-
priate agronomic and animal-management practices. The project was carried out by
CSIRO Sustainable Ecosystems and collaborating institutions in South Africa and
Zimbabwe.

The project team identified legumes that can be used in rotation or intersown with
crops to improve the nitrogen status of soils, and used the farming systems model
APSIM to investigate these dynamics. In particular, they selected forage plants that
could be introduced into the degraded grasslands of South Africa and Zimbabwe to
improve animal production.

Through a participative action research approach, the project was very successful
in obtaining farmer adoption of forage and dual-purpose legumes in several farming
systems in southern Africa.

Most of the papers in these proceedings come from a final meeting and a successful
review of the ACIAR project. They focus on aspects of forage and ley legumes and
include the interactions with animal and crop production, and farmer evaluation and
adoption of new technologies in the various farming systems found in South Africa
and Zimbabwe.

There is currently little information available to scientists and extension workers,
so this publication, which describes some of the recent developments in farming
systems research for South Africa and Zimbabwe, will be a valuable resource.

i B

Peter Core
Director
ACIAR
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Preface

‘Tropical forage and ley legume technology for sustainable grazing and cropping
systems in southern Africa’, ACIAR project number AS2/96/149, originated from
discussions held in South Africa and Zimbabwe from 1994 to 1996 and at a work-
shop held in Polokwane (formerly Pietersburg), Republic of South Africa (RSA) in
June 1997.

Tropical regions of both countries support rural communities that depend on
cereal and cash-cropping, and livestock production systems. These agricultural
systems are under pressure because of the increasing population and, as a conse-
quence, are often not sustainable. Forage-legume technology has the potential to
improve the sustainability and productivity of some of these farming systems by pro-
viding a source of nitrogen (N). This can potentially be achieved by integrating
forage legumes into the cropping components of mixed crop—livestock systems,
intensive livestock systems such as dairying, and through the enhancement of the
communal grazing lands.

These initial ideas were eventually formed into a four-year project that began on 1
January 1999 with Zimbabwean, South African and Australian partners. It was initially
hoped that Mozambique could be considered as a potential partner during the early
deliberations, but the difficulties in identifying appropriate in-country collaborators
made this impossible.

The aims of the project were:

* toidentify arange of ley legumes that can be used in rotation with crops, or as inter-
row legumes with crops, to improve the N status of soils and to reduce soil erosion,
resulting in sustainable and acceptable cropping practices

+ to select forage germplasm that can be introduced into the degraded grasslands of
northern South Africa, Zimbabwe and Mozambique to improve animal production
using procedures appropriate to smallholder systems

* to develop grazing and cut-and-carry livestock-management systems, including
dairying, that are sustainable and acceptable within the socioeconomic frameworks
of the selected communities

* to demonstrably improve the decisions and practices of farmers managing forage-
legume systems by collating research results from this project and from elsewhere
and providing details of cost, benefits and management options to farmers and
extension workers in an appropriate format

* to gain adequate understanding of seed production of the most-promising lines to
enable the development of a local seed industry.

Several agencies have collaborated in this project. The Department of Research and
Specialist Services (DR&SS) in Zimbabwe, the Department of Agriculture and Envi-
ronment in the Limpopo Province of RSA and the Commonwealth Scientific and
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Industrial Research Organisation’s (CSIRO) Division of Tropical Agriculture (now
CSIRO Sustainable Ecosystems) in Australia have been the official partners in the
project. In addition to these contracted agencies, AGRITEX and the University of Zim-
babwe have been important and strongly committed collaborators in Zimbabwe, as
have the University of the North and the Agricultural Research Council’s (ARC)
Range and Forage Institute in South Africa, and the Queensland Department of
Primary Industries in Australia.

The project had two sites in Zimbabwe: at Zana II and Dendenyore, both of which
are near to Wedza in Region IIB about 150 km southeast of Harare. There were several
reasons for the selection of these sites. These included:

+ the climate, which has sufficient rainfall for relatively reliable cropping

+ enthusiastic farmers

+ the reliance of communities on rangeland (veld) as a base for animal production

+ animal production practices in which dairy and beef production were already estab-
lished commercial enterprises for smallholders

* proximity to established extension and research teams

+ the contrasting land tenure (Zana II is a resettlement area and Dendenyore a com-
munal land community) provided a diverse farming system.

The project also operated at two sites in South Africa: Tarantaaldrai and Dan.

Tarantaaldrai was chosen because:

+ it was an existing dairy cooperative, already producing milk for local consumption

+ it had what appeared to be an enthusiastic group of farmers/cooperative members

* dairy production in this semi-arid region was based on grazing unimproved veld

+ there was a well-established infrastructure including arable land for forage crop-
ping

+ there were on-site extension staff
The Dan site was chosen as it:

» represented a typical maize-based, smallholder farming system in Limpopo Prov-
ince, in which legume pulses, especially groundnut and cowpea, were important
crops used in intercropping or in maize rotations

+ was close to established extension and research teams

* had an enthusiastic farmer community.

The project operated in three sites in southeastern Queensland. The Queensland
Department of Primary Industries’ Brian Pastures Research Station near Gayndah
offered an established grazing trial in which ley and phase legumes had been utilised
for a number of years. This enabled the dynamics of soil nitrogen and organic matter
in forage legume—cereal cropping production systems to be studied in some detail. Cin-
nabar and Broad Creek are both commercial beef-cattle properties in the Burnett region
and were used in an experimental program to select new forage-legume genotypes that
are adapted to the subtropical environment.

Tropical legumes for sustainable farming systems in southern Africa and Australia,
edited by A.M. Whitbread and B.C. Pengelly. ACIAR Proceedings No. 115.
(Printed version published in 2004)



A participative model of research, in which farmers and extension and research pro-
fessionals developed research priorities associated with one of the many legume tech-
nologies at their disposal, or at least could be associated with soil fertility issues, was
used at all sites. The diversity of farming systems addressed in the project, resulted in
a wide range of legume technologies being researched. These ranged from compari-
sons of new legume germplasm, to studies on the dynamics of soil N and carbon, the
impact of ley, phase and green manuring on subsequent cereal crops to the impact of
legume feeds on animal production. With the exception of the work at the Brian Pas-
tures Research Station, all research was conducted on-farm.

The project included a number of formal training initiatives including the fol-
lowing:
¢ Mr Richard Clark of the Queensland Department of Primary Industries designed

and conducted a workshop on participative research for the entire project team at

Murewa, Zimbabwe at the start of the project in April 1999.

» University of Queensland accredited studies on action learning were successfully
undertaken by several African team members over the course of the project.

+ Team members Mrs Beatrice Chigariro, Mr Temba Elliot and Mr Brian Ndlovu
undertook research within the project to meet requirements for undergraduate
studies at the University of Zimbabwe.

* Several postgraduate students were supported by the project and Mr Jairus
Nkgapele and Ms Gifty Mishiyi (through the University of the North, South Africa)
and Mr Obert Jiri (through the University of Zimbabwe) successfully completed
Master of Agricultural Science degrees or equivalent within the project.

* Team members Mr Owen Mabuku from Zimbabwe and Mr Terries Ndove from
South Africa were awarded John Allwright Fellowships by ACIAR to undertake
postgraduate studies at the University of Queensland.

The project has undertaken a wide range of legume-based research in the three
countries. The outcomes of that research have led to new insights into legume adapta-
tion and productivity, soil N/soil organic-matter dynamics and the impact of legume
use on cereal and animal production. In some instances, particularly in Zimbabwe, the
project has been able to achieve at least the first stages of the adoption of legume tech-
nologies by farmers. The project has also enabled formal and informal training of
research and extension professionals to be undertaken, and the training here has sub-
sequently resulted in further training and career opportunities for several of the African
project team members. Importantly, the project activities have exposed all team
members to a much wider range of biophysical and social issues and environments,
developed better understanding of the farming systems, and fostered what we hope will
be long-standing professional relationships.

Many of the papers in this publication were sourced from the final project
meeting and review held at the Magoebaskloof Hotel in Limpopo Province, South
Africa on 7-9 October 2002. The editors refereed the papers and Mr Dick Jones is
acknowledged for his substantial contribution to the reviewing process. Drs Merv
Probert, Michael Robertson and Bob McCown of CSIRO Sustainable Ecosystems
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are also acknowledged for reviewing various manuscripts. The paper by Pengelly
et al. was reprinted with permission from the journal Tropical Grasslands, Volume
37, No. 4, pages 207-216.

The papers within this publication are presented under the following themes: The
Environment; Evaluation of Legume Technologies; Farming Systems Research; and
Participative Methodology and Adoption of Technologies. We hope that this publica-
tion will prove to be an excellent resource for many other research and development
initiatives in progress in the Limpopo Province and for the wider R&D community of
the tropics and subtropics.

Dr Bruce C. Pengelly (Project Leader)

Dr Anthony M. Whitbread (Principal Investigator)
Brisbane, Australia

April 2004
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The Farming Systems of the Zimbabwean District
of Wedza and the Role and Adoption of Forage
Legumes in Small-scale Crop—Livestock
Enterprises

B. Chigariro*

Abstract

An ACIAR project entitled “Tropical forage and ley legume technology for sustainable grazing and cropping
systems in southern Africa” (Project no. AS2/96/149) conducted a farmer participatory research project with
communal (Dendenyore ward) and resettlement (Zana ward) farmers in the District of Wedza in Zimbabwe from
1999 until 2002. The main aim of this project was to test and introduce a suite of legume technologies into the
mixed crop-livestock systems that predominate in these regions. A range of constraints that include poor soil
fertility, lack of dry season feed for livestock and variable rainfall, seriously limit production and food security
in Wedza. Diversifying the range of crops, selling cash crops such as paprika and replacing weedy fallows with
improved lablab or mucuna fallows, were all methods employed by farmers to improve production. Livestock
farmers formed cooperative organisations to sell their products and build capacity in livestock production. Many
farmers were able to substitute bought-in feed concentrates with home grown legume-based feed sources. This
paper sets the scene for several subsequent papers that describe in detail the participative action research program

based around the theme of using well-adapted legumes to improve the farming system.

Zimbabwe has a total land area of about 39,000 km?.
Five zones or ‘natural regions’ are recognised (Vin-
cent and Thomas 1957). They are based largely on

* autumn — post rainy season (mid-March to mid-
May)
 winter — cool dry season (mid-May to mid-August)

the mean annual rainfall, together with other physical * spring — hot dry season (mid-August to
parameters such as soil type (Table 1). November).

The country has a tropical continental climate in
which rainfall is usually restricted to the period Wedza District

between November and March. The winter months
between May and August are cool, because of the
countries elevation (much of it above 1200 m alti-
tude) and four distinctive seasons can be recognised:
+ summer — rainy season (November to mid-March)

* Agricultural Technical and Extension Services, PO Box
30, Wedza, Zimbabwe.
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Zimbabwe is comprised of nine provinces with the
district of Wedza located in the Mashonaland East
Province, about 120 km southeast of Harare. The dis-
trict had a population of about 82,000 in 2001 and
had a range of smallholder and commercial-scale
farming operations, of which the communal farming
systems and the large-scale commercial operations
covered the largest land areas in 2001 (Table 2).
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The ACIAR project operated in two wards in
Wedza District — Dendenyore and Zana. Descrip-
tions of the communal and resettlement systems can
be found in Maasdorp et al. (2004). Dendenyore
covers an area of 14,028 ha and is part of the com-
munal farming sector. In 2001, Dendenyore had
about 3000 households and a population of about
15,000. Zana covers an area of 5187 ha and is within
the resettlement sector. In 2001, it had 315 house-
holds and a population of about 1900. The two wards
are located in natural region IIb between 18°15' and
19°15'S and 31°15' and 31°20'E, at an altitude of
about 1400 masl. The temperature range in summer is
usually 16°C to 30°C; in winter there is a moderate
frost incidence.

The soils in the Wedza district are largely derived
from granite, with categories on a typical catena rec-
ognised on the basis of soil moisture-holding
capacity, waterlogging, weed burden and soil fer-
tility. All these parameters increase down slope from
the dry topland granitic sands of the upland ridges
and valley slopes to the hydromorphic vlei-margin
and valley bottom vlei soils. Size and texture of soil
particles range from fine/medium grained sands over
medium to coarse-grained sandy loams at the topland
sites to medium to coarse-grained sandy loams in the
vleis and vlei margins (J. Dimes, pers. comm.).
Pockets of dolerite intrusions present in Dendenyore

have led to the formation of red clay soils. The soils
found in the topland, upland ridges and valley slopes
are commonly used for crop production and are gen-
erally highly acidic, with the pH (CaCl,) below 4.4
and very low in the status of base cations K*, Ca*™
and Mg™ (Jiri et al. 2004), reflecting very low soil
organic matter (Cp < 0.4%) and an associated low
cation-exchange capacity. The combination of low
waterholding capacity of the soils and the relatively
impermeable nature of the underlying granite,
renders such soils, even on the uplands, susceptible to
high water tables for short periods during many rainy
seasons (Thompson and Purves 1978).

The Smallholder Farming Systems in
Wedza

In both Zana and Dendenyore, intensive mixed crop—
livestock farming is practised. Maize is a major crop,
while there are minor crops of sunflower, soybeans,
groundnuts, cowpea millets, sorghum and sweet
potatoes. The Dendenyore farmers have a subsist-
ence agricultural focus and sell any surplus locally.
The resettlement farmers of Zana, on the other hand,
have a larger arable area available and employ that
extra land in cash cropping. The two most important
cash crops are tobacco and paprika.

Table 1. Mean annual rainfall for each of the five Natural Regions recognised in Zimbabwe. Source:

Vincent and Thomas (1957).

Natural region

Mean annual rainfall range (mm)

Region I Specialised and diversified farming region > 1000
Region 11 Intensive farming region 650-1000
Region 111 Semi-intensive farming region 650-800
Region IV Semi-extensive farming region 450-650
Region V Extensive farming region <650

Note. Region II is divided into two sub-regions. Sub-region Ila receives an average of 18 rainy pentads per year, and
normally experiences reliable conditions. It rarely experiences dry spells in summer. Sub-region IIb receives an average
of 16-18 rainy pentads per season and is subject to more severe dry spells during the rainy season, or to occurrences of

relatively short rainy seasons (Vincent and Thomas 195

7.

Table 2. Farming sectors, number of farmers and properties and the total area of each
sector in Wedza District Zimbabwe in 2001.

Sector No. of farmers ~ No. of properties  Total area (ha)
Large-scale commercial 76 76 8,0561
Small-scale commercial 475 486 45,900
Resettlement area 758 NA NA
Communal area 22,036 NA 108,400
NA = data not available.
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Arable farming by resettlement farmers in Zana
has been undertaken since 1986. Each farmer has a
total arable area of 5 ha, of which, after 2001, 0.4 ha
to 0.8 ha was typically being used to produce fodder
for their dairy production, while crop production was
being carried out on about 3 ha. Dendenyore has been
under cultivation since the 1930s, and the typical
ward holding of arable land ranges from 0.8 ha to 5
ha. Grazing in both farming sectors is communal.

The farming system of Zana does have the
capacity to employ fallows and there is some crop
rotation carried out, with a common crop sequence
being maize—tobacco—maize or maize—paprika—
maize. Fallows are seldom employed in Dendenyore
where the smaller arable land parcels per farmer
necessitate cropping on all land every summer. In
more recent years, and since the inception of legume
research with farmers in the district, the rotations
being employed by dairy and beef farmers in Zana
and Dendenyore are being modified to include a
forage legume phase of lablab or mucuna, with the
most prevalent rotations being lablab or mucuna fol-
lowed by maize, maize—sunflower, tobacco or
paprika.

Livestock Production in Wedza

Livestock and crop production in Zana and Dende-
nyore are integrated enterprises, with livestock being
important sources of traction and manure, and crop
residues and fodder crops providing important feed
for both beef and dairy production. Cattle fattening in
the Wedza district dates back to the 1950s, with the
formation of the Wedza Feeders Association. The
association has over >200 members, from almost
every one of the 14 wards of the district. Dendenyore
ward has about 2400 farmers who own cattle, of
which 65 are pen fatteners and members of the
Wedza Feeders Association and another 54 are
aspiring dairy farmers who are members of the
Wedza Dairy Association. Dairy farmers in Zana
have been producing milk since 1992.

All dairy cows are milked manually, and usually
only once per day, first thing in the morning fol-
lowing separation of the cow and calf overnight. A
small number of farmers who have purebred or cross-
bred dairy cattle milk twice per day. The majority of
established dairy farmers milk crossbred cows.

Marketing of livestock products is carried out
within the ward, with beef farmers selling their
animals through local butcheries and abattoirs. Milk
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from dairy enterprises is either marketed through
the Wedza Dairy Association or sold locally. Direct
selling in 2001 was realising prices of about $75/L!
compared with about $50/L when sold through the
Wedza milk centre which is managed by the Agri-
cultural Rural Development Authority—Dairy
Development Programme (ARDA-DDP) in collab-
oration with Agricultural Research and Extension
(AREX).

Resources for Extension

An important part of the Wedza district farming
systems is the presence and role of the agricultural
extension team that operates at the ward level. The
district extension arm is within the Zimbabwe Min-
istry of Lands, Agriculture and Rural Resettlement
and has a staff of 45, with a ratio of extension officer
to farmers of about 1 to 1200 in the communal areas
and 1 to 400 in the resettlement areas.

The extension personnel play a key role in the dis-
semination of technologies to farmers. Their role is to
facilitate agricultural activities and train farmers on
all aspects of agriculture. Several extension strategies
are employed to aid technology diffusion, with the
‘master farmer’ training program being amongst the
most widely used. By 2002, 2059 farmers in the dis-
trict had qualified as master farmer at ordinary and
advanced level, with 125 farmers gaining these qual-
ifications during the project period.

Advances in Feed Supply

The natural rangeland grazing is the major source of
ruminant livestock feed in the smallholder and com-
mercial sectors of farming in Zimbabwe. However,
this source is particularly degraded in the smallholder
sector because of a history of overgrazing, and it is
unable to supply sufficient feed quantity and quality
throughout the year. Crude protein levels in the dry
season can fall to below 5%. Commercial feed supple-
ments are used by both dairy and beef-fattening enter-
prises to partially overcome this protein shortage, but
they are expensive (Murungweni et al. 2004).

1 These are Zimbabwe dollars (ZWD). The exchange rate
in late 2002 was USD1 = ZWDS5S5. Since then, hyper-
inflation has reduced the value of the ZWD and
substantially increased the cost of inputs.
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Both the beef-fattening and dairy-production farmer
groups have adopted fodder bank technologies during
the period 1999 to 2002, using lablab and mucuna.
Hay is produced from both legumes at the end of the
growing season. Since the start of the ACIAR project,
dairy farmers in Zana resettlement area and beef pro-
ducers in Dendenyore are adopting the practice of
growing legumes and bana/napier grass as fodder
crops in their crop rotations in an attempt to reduce
feed constraints. Over 70 farmers are now using lablab
and mucuna as a feed source, and there has been a
rapid increase in the number of farmers using planted
cut-and-carry bana/napier grass which is fertilised
with manure (Table 3). The use of this legume tech-
nology has spread to four resettlement villages neigh-
bouring the participating community in Zana, to the
Sengezi resettlement area, about 40 km from Zana,
and to other nearby communal areas. Animal produc-
tion has increased considerably, with milk yields
almost doubling (Table 4). The farmers in the dairy
sector have indicated that there has been a marked
increase in the butterfat content of the milk. Dende-
nyore farmers have reduced their dependence on com-
mercial feeds for pen-fattening by about 25%.

Conclusion

The Wedza communal and resettlement farming
systems are complex. They produce maize and other
crops for household consumption and, in the case of
the Zana resettlement area, paprika and tobacco as
cash crops. Many farmers also have commercially
focused dairy and beef enterprises. There has been
adoption by a large number of farmers within the
farming communities originally participating in the
project. The higher production and greater income
being obtained by these farmers, and the enthusiasm
and skills of the local extension staff, have resulted in
the use of legumes being adopted in other Wedza
wards. In all of these communities, the use of
legumes in the farming system has enabled farmers to
increase their incomes.

There remains a large number of issues that require
further investigation. In the dairy enterprises for
instance, the focus has been on feeding lactating cows,
but measures to enable farmers to monitor the growth
rate of the calves have not been implemented. Simi-
larly, there have been no targeted measures of the
changes in conception rate resulting from legume tech-

Table 3. Changes in the number of farmers employing various feed sources in dairy and beef production
enterprises between 1999 and 2002 in Zana and Dendenyore wards, Wedza district, Zimbabwe.

Feed type Zana (dairy producers) Dendenyore (beef producers)
1998-99  1999- 2000-01 2001-02 1998-99  1999- 2000— 2001
2000 2000 2001 2002

Lablab Nil 4 11 23 nil 4 13 54
Mucuna 2 6 13 21 3 5 31 54
Bana/napier 0 8 12 12 2 2 38 38
Urea/stover 0 6 4 4 1 3 0 -

Native grass hay 2 5 8 9 3 4 13 36
Soybean/groundnut hay 2 6 12 12 2 11 26 26
Maize stover 13 23 28 38 2 4 13 153
Paprika calyx 6 17 23 23 - - - -

Table 4. Average on-farm milk production (I/cow/day) trends between 1999 and 2002 at Zana resettlement area
in Wedza District, Zimbabwe, as a result of incorporation of legume hay into the diet of cows.

Season and lactation stage 1999-2000 200001 2001-02b
Summer production
Birth to 7 months 4-6 6-172 5-10
7-8 months 1-3 2-8 4-6
Winter production 34 5-7 5-17
Birth to 7 months 1-2 2-6 2-6

7—-8 months

a Purebred cow; ® drought year.
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nology introductions or the role of legumes in
increasing production in small stock such as goats. In
the cropping systems, screening of new legumes has
shown lablab and mucuna to be well-adapted, but their
impact and options in rotations with crops such as
paprika have not been documented, and even the impact
on maize has not been widely demonstrated on a wide
range of farmers’ fields. These and many other issues
still require further research on both the communal and
resettlement areas of Wedza, and in adjacent districts.
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Description of the Biophysical Environment of
Three Maize-producing Areas in the Limpopo
Province of the Republic of South Africa and the
Validation of APSIM to Simulate Maize Production

A.M. Whitbread* and K.K. Ayisi'

Abstract

The focus of this paper is to provide background biophysical information and test the performance of the
APSIM (Agricultural Production Systems sIMulator) maize model on several data sets collected at the field
sites used in the Limpopo Province of South Africa during the ACIAR project AS2/96/149 described in these
proceedings. The project targeted one community of smallholder farmers at Dan in the Mopani district of
Limpopo, with the aim of improving their dryland cropping systems. A site called Syferkuil, located on the
University of the North’s experimental farm, and a nearby site called Dalmada, on a farmer’s field, were also
the location of several maize-intercropping/relay planting field trials. Using the data of the sole-maize control
treatments from these trials, APSIM-Maize V3.2 predicted the biomass accumulation with a high degree of
precision (r2 = 0.82). Factors such as grazing damage, severe frost and striga infection that reduced the
observed grain yield resulted in general over-prediction of simulated grain yield. Simulating maize production
without N inputs under dryland conditions at Dan, using long-term weather records (1975-2002), indicates
poor maize grain yields (<1000 kg/ha) and several crop failures. The application of 30 or 60 kg/ha N fertiliser

increased maize yields to 1700 and 2600 kg/ha in 50% of seasons.

The Limpopo Province is in the northern part of
South Africa, with an area of 12.3 million hectares
and a population of 4.9 million in 1996 (Anon 2003).
Although maize production accounts for only 4% of
the province’s gross agricultural income, maize is
considered to be Limpopo’s most important dryland
crop in terms of the extent of production, the area uti-
lised and the number of farmers involved (~519 000
farmers). Maize is the staple food of most of the rural
population and the crop residues are a feed resource

* CSIRO Sustainable Ecosystems, 306 Carmody Road, St
Lucia, Queensland 4067, Australia.

T School of Agricultural and Environmental Sciences,
Plant Production, University of the North, Private Bag
X1106, Sovenga, 0727 Republic of South Africa.
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for animals. Despite the low and unreliably distrib-
uted rainfall in many parts of the province, maize will
be an important crop for food security in the foresee-
able future.

Most of the smallholder farming sector in
Limpopo is located on infertile degraded soils, where
nutrient deficiencies, predominantly of N (nitrogen)
and P (phosphorus), limit crop production. As the
cash reserves of these mainly subsistence farmers are
limited, little or no inorganic fertiliser is applied to
the maize crops and grain yields are commonly
<500 kg/ha. The traditional farming practice of inter-
cropping maize with grain legumes such as ground-
nuts (Arachis spp.) may help reduce the risk of crop
failure of one of the species and add some N to the
system through biological N fixation. Papers in these
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proceedings by Ayisi and Mpangane (2004),
Maluleke et al. (2004) and Mpangane et al. (2004)
describe various intercropping and relay-planting
experiments using lablab (Lablab purpureus) and
cowpea (Vigna unguiculata). The impact of the inter-
crops on maize production and their potential for N
fixation were investigated with the aim of providing
farmers with options for cash cropping, forage pro-
duction and improvements in soil fertility.

The APSIM (Agricultural Production Systems
sIMulator) software system provides a flexible struc-
ture for the simulation of climatic and soil manage-
ment effects on the growth of crops and changes in
the soil resource (Keating et al. 2003). Use of APSIM
to investigate maize production systems in climati-
cally risky environments has been extensively tested
in Kenya and Zimbabwe (Keating et al. 1999; Sha-
mudzarira and Robertson 2002).

The focus of this paper is to describe the biophysical
environment and test the performance of the APSIM
maize model on several field data sets from the sites
used in the Limpopo Province during the ACIAR
project AS2/96/149 described in these proceedings.

Materials and Methods

A range of experiments was conducted at the three
sites described in this paper to investigate various
aspects of maize—legume technologies. Most of these
experiments included a sole maize control treatment
that has been used to validate the APSIM model for
the prediction of maize growth and grain yield. The
control treatments are sourced from experiments
described in Malueke et al. (2004) and Ayisi and
Mpangane (2004), and unpublished data from
Mishiyi (2003).

The experimental site at Syferkuil (23°85'S
29°67'E, 1250 masl) was on the University of the
North’s field station. The experimental site at
Dalmada (23°87'S 29°53'E, 1334 masl) was 15 km
from Polokwane (Pietersburg) and was rented from a
local farmer. Irrigation was available at both these
sites, and the experiments were entirely researcher
managed. The on-farm site at Dan (23°90'S 30°27'E,
650 masl) was 13 km east of Tzaneen town in the
Mopani district, on a 200 ha cropping area farmed by
about 300 farmers. Each farmer had access to 0.5—
1.0 ha of arable land under a ‘permission to occupy’
arrangement. Full details of this site and the commu-
nity can be found in Ndove et al. (2004). The exper-
iments conducted at Dan were also essentially
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researcher managed, although the farmers actively
assisted in many field operations.

Field experiments

Syferkuil and Dalmada. All experimental areas
were ploughed, disced and harrowed 1-2 weeks prior
to planting. At planting, a basal P application of
30 kg/ha as single superphosphate and a K applica-
tion of 30kg/ha as potassium chloride was applied.
Maize (SNK2147) was planted by hand into 90 cm
rows at 15 kg/ha in the first week of December in
2001 and 2002, and thinned to 3 plants/m? after
emergence. N was applied as urea at 15 kg/ha at
planting and at 30 days after planting (DAP). Supple-
mentary irrigation was applied at both sites in 15 mm
applications at planting, and at 30 and 45 DAP. The
2002—-03 experiments at Syferkuil received 120 mm
of irrigation in total, applied in eight 12—15 mm
applications at 10 day intervals from planting. The
2002-03 experiments at Dalmada received 10—
12 mm of irrigation at 40, 55, and 60 DAP. All treat-
ments were replicated three times. There were six
5 m rows of maize. The plots were located in a dif-
ferent part of the field in each season.

Dry matter samples were taken at 54, 67 and 88
DAP at Syferkuil, and at 50, 71 and 95 DAP for all
crops at Dalmada. At each of these samplings, three
maize plants from each plot were cut at ground level
and dried. At final harvest, maize cobs were har-
vested from the central four rows, with 1 m borders at
each end of the plots. Stover yield was determined by
taking 10 plants randomly from the harvested area.

Dan. At Dan during the 2000—01 season, an exper-
iment was conducted on a farmer’s field to determine
the effects on maize production of applications of 0,
30 and 60 kg/ha of N. The experiment was arranged
as a randomised complete block design, with three
replicates and plot sizes of 5 X 8 m. No data were as
recorded, because a herd of animals demolished the
trial before harvest. After the construction of a sturdy
fence, this experiment was continued in the 2001-02
season.

In both seasons, land preparation and basal fertili-
sation was as described for the Syferkuil and
Dalmada sites. Due to the low pH (Table 1) an addi-
tion of 500 kg/ha of dolomitic lime was also applied
during the land preparation activities. Maize
(SNK2147) was planted as described above on
1 November 2001. In the 30 and 60 kg/ha N treat-
ments, half the fertiliser was delivered as urea at
planting and the other half at 30 DAP. No supple-
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mentary irrigation was available. The plots were har-
vested on 6 April 2002 using the same procedures as
at Syferkuil and Dalmada.

Biophysical characterisation of the sites

Soil characterisation was undertaken for the soil
profiles at Dan, Syferkuil and Dalmada. Measure-
ments of drained upper limit (DUL), crop lower
limit (CLL) and bulk density, and the calculation of
plant available water capacity (PAWC), at the three
field sites were undertaken using the methods
described in Dalgleish and Foale (1998) (Table 2).
This soils information, along with the chemical
analyses for the specific experiments (Table 5),
were used to parameterise the SOILWAT2 and
SOILN2 modules that determine the dynamics of
water, carbon and nitrogen within APSIM. The ini-
tialisation information (mineral N, starting soil
water, residues and roots) is specific to each exper-
iment and is described below.

Weather information was obtained through the
Agricultural Research Council Institute for Soil,
Climate and Water, the South African Bureau of
Meteorology and via International Rainman V4.1
(Clewett et al. 2002).

Simulation of maize growth

Syferkuil and Dalmada. All simulations were
started and initialised at day 182 in the same year that
experiments were sown, using the data in Tables A2
and A3. Soil water and soil mineral N at sowing were
therefore determined by APSIM. It was assumed that
most surface plant residues from the previous season
were removed, and the simulations were initialised at
400 kg/ha. The timing of tillage events, sowing, N
fertilisation, and irrigation were as for the field exper-
iments described above. The SC401 short-season
variety available in APSIM was found to best repre-
sent the growth of SNK2147. Harvesting of the mod-
elled data took place when the simulated crop

Table 1. Soil chemical analysis for the soil profiles at Dan, Syferkuil and Dalmada.

Depth pH pa Cab Mgb Kb Nab Mn Zn¢
(cm) mg/kg cmol(+)/kg mgkg  mgkg
Dan 0-15 4.8 6 2.42 1.27 0.09 0.03 174.1 2.5
15-30 5.5 2 3.56 1.73 0.05 0.04 41.8 22
30-60 5.6 2 3.70 2.02 0.05 0.08 304 13.1
60-90 5.8 2 3.12 2.02 0.04 0.10 17.1 15.9
Syferkuil 0-15 6.6 30 2.86 2.82 0.28 0.26 n.d. n.d.
15-30 7.0 22 2.51 2.43 0.19 0.20 n.d. n.d.
Dalmada 0-15 7.6 43 4.08 4.18 1.02 0.02 n.d. n.d.
15-30 7.9 27 4.49 4.51 0.95 0.04 n.d. n.d.
30-60 7.5 8 4.86 5.02 0.73 0.14 n.d. n.d.

n.d. = not determined

a1:7.5 extractant Bray 2

b 1:10 extractant ammonium acetate 1 mol pH7
¢ 1:4 extractant 0.1 mol HC1

Table 2. Soil water characteristics and mineral N of the soil profiles at Dan, Syferkuil
and Dalmada.

Depth DUL CLL PAWC  Mineral N
(maize)
(cm) (mm) (mm) (mm) (kg/ha)
Dan 120 330 206 124 28
Syferkuil 90 137 85 52 44
Syferkuil — deep 120 184 118 66 48
Dalmada 90 158 83 75 10

CLL = crop lower limit; DUL = drained upper limit; PAWC = plant available water capacity.
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reached physiological maturity. All simulations
assumed that P was not limiting. This is a reasonable
assumption because basal applications of P fertiliser
were applied to all field experiments.

Dan. Maize in the 2001-02 season was simulated
for the treatments that received N fertiliser at 0, 30
and 60 kg/ha. The soil mineral N measured prior to
sowing (Table A1) was initialised in the model at
day 300. Soil water was also initialised to the DUL
at this time. It was assumed that most surface plant
residues from the sorghum crop season had been
grazed, and surface residue was initialised at
400 kg/ha. Fertiliser N was added as described for
the field experiment. Harvesting of the modelled
data took place when the simulated crop reached
physiological maturity.

Long-term simulation of dryland maize at Dan.
Using the soil characterisation for Dan (Table Al)
and weather data (Letaba Letsitele station 19935)
that contained daily records from 1975 until April

2002, the production of sole maize was simulated
each season. While the soil nitrate and soil water
were initialised in the first year of the simulation as in
Table A1, the model subsequently determined these
parameters. A soil tillage event took place on Julian
day 304 each year. Maize (SC401) was sown on a
yearly basis using a rainfall-based sowing rule. In
order to trigger the sowing event within the sowing
window from 15 November to 15 January, rainfall of
at least 20 mm over five days was required before
planting would take place. Maize was planted at 3
plants/m into 90 cm rows. A grass weed (a
short-season annual grass) was also sown at
25 plants/m at the same time as the maize, to mimic
the effect of weeds on the maize crop. The weeds
were removed by tillage at 33 DAP. Separate simu-
lations received 0, 30 or 60 kg/ha N fertiliser as urea
in a split application at sowing and 33 DAP. Maize
was harvested when it reached physiological matu-
rity. Grain weight is expressed at 12% moisture.

Table 3. Rainfall (mm) at Dan, 1998-2002, and the long-term average (1975-2001).

Ju Aug Sep Oct Nov Dec Jan Feb Mar Apr May Jun Year
1998-99 25 0 21 43 180 283 150 159 202 16 30 7 1114
1999-00 25 2 0 67 92 272 248 554 300 170 9 9 1749
2000-01 1 0 16 52 133 142 18 247 57 10 9 8 692
2001-02 1 0 6 86 252 202 46 7  na. n.a. n.a. n.a. 601
Average 9 10 21 52 99 142 141 117 106 40 16 6 759
n.a. = data not available at this time.
Table 4. Rainfall (mm) at Pietersburg since 1998 and the long-term average (1904-1996).
Ju Aug Sep Oct Nov Dec Jan Feb Mar Apr May Jun Year
1998-99 0 0 8 66 119 124 100 3 40 5 11 1 477
1999-00 5 0 4 40 90 75 105 188 40 74 20 24 667
200001 0 0 1 43 67 82 12 69 74 17 10 3 377
2001-02 0 0 0 55 215 46 102 21 4 23 20 4 488
Average? 3 3 12 41 79 89 87 73 61 29 11 5 493
@ Long-term average calculated from 87 years of records sourced from Rainman International (Clewett et al. 2002).
Table 5. Rainfall (mm) at Syferkuil, 1998-2002, and the long-term average (1984-2002).
Juuu Aug Sep Oct Nov Dec Jan Feb Mar Apr May Jun Year
1998-99 5 0 6 56 64 72 77 6 54 2 12 0 353
1999-00 2 0 4 31 106 85 120 238 42 127 15 52 822
2000-01 0 0 6 42 94 62 0 72 11 30 15 4 336
2001-02 0 0 0 65 239 77 136 15 33 21 14 0 600
2002-03 0 0 6 14 0 113 73 58 44 0 0 0 308
Average 7 4 7 41 91 76 84 72 52 29 12 7 480

Source: University of the North experimental station records.
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Results and Discussion

Biophysical environment

Dan. Based on the 1975-2001 weather files from
the nearby Letaba Letsitele 19935 weather station,
the annual average rainfall at Dan is 759 mm. The
rainfall pattern is strongly summer dominant, with
86% of the rainfall received from October to the end
of March (Table 3). The amount and distribution of
rainfall is critical, as agricultural production at Dan is
rain fed. Minimum temperatures of 6.5°C are reached
in June and July, and maximums of 32°C are reached
in December and January (data not shown).

Dalmada. Weather at Dalmada, which is approxi-
mately 30 km from Pietersburg, is based on the
weather records obtained from the Pietersburg sta-
tion. At Pietersburg, there is an annual average rain-
fall of 493 mm, received mainly from October to
March (Table 4). Maximum temperatures of 28°C
occur during January, with minimums of 4.4°C
during July (data not shown). Supplementary irriga-
tion was available to the field experiments at this site.

Syferkuil. The minimum and maximum tempera-
ture data obtained from the University of the North’s
experimental site at Syferkuil were similar to those
described from the Pietersburg weather station. Frost
occurs rarely, but caused the death of all legume
experiments in May 2002. While the long-term rain-
fall averages were similar to those of Pietersburg, the
amount of rainfall received was lower in the
October—January period and higher in the February—
April period (Table 5). The Syferkuil site is closer to
a mountain range and its weather is obviously influ-
enced by this.

Soils

Dan. The main soils used for crop production at
Dan range from coarse-grained sandy soils to sandy
loams derived from granitic parent materials. The
depth of these soils, which overlie clay, varies from
60 cm to >150 cm. Much of the cropping land is sus-
ceptible to waterlogging during heavy rains, and
subsoil drainage is poor because of the underlying
dense clay layer. The sandy nature of the soil results
in high bulk density and PAWC is 124 mm to the
rooting depth of 120 cm (Table 2).

Available phosphorus concentrations are below
6 mg/kg, which is severely limiting to plant growth
(Table 1). These soils are acidic, with pH values
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below 5.8. The basic cations Ca, Mg and K are in the
adequate range for most grain crops. High concentra-
tions of Mn in the surface soils at Dan indicate pos-
sible toxicity under waterlogged conditions.

Syferkuil. The soil at Syferkuil is a sandy loam
(77-81% sand in the 0-60 cm depth). Soil depth
varies from 90 to 120 cm, resulting in a PAWC that
varies from 52 to 66 mm for maize (Table 2). The
soils at the Syferkuil site are described as part of the
Hutton series (Soil Classification Working group,
1991) with an orthic A horizon and red apedal B
horizon overlying unspecified material (Boye
Mashotole, pers. comm.). Apedal is defined as mate-
rials that are well aggregated, but well-formed peds
cannot be detected macroscopically. Regular super-
phosphate fertiliser applications have resulted in ade-
quate to high available P (Table 1). The basic cations
Ca, Mg and K are in the adequate range for most
grain crops.

Dalmada. The soils at the Dalmada site are
described as part of the Bainsvlei Form (Soil Classi-
fication Working group, 1991) with an orthic A
horizon and red apedal B horizon overlying a hard
plinthic B horizon at a depth of 80-90 cm. This con-
sists of an indurated zone of accumulation of iron and
manganese, which could not be cut with a spade even
when wet and which limits rooting to this depth. The
PAWC for maize is 75 mm (Table 1). Impeded
drainage through this layer could result in waterlog-
ging, although this did not occur during our experi-
mental program. Adequate to high available P was
also measured at this site and the basic cations Ca,
Mg and K are in the adequate range for most grain
crops (Table 2). This site had been commercially
farmed and probably received fertiliser applications
in the past.

Specification of the APSIM SOILWAT2,
SOILN2 and RESIDUE?2 modules

The inputs required to specify the SOILWAT2 and
SOILN2 modules are given in Appendix 1, Tables
Al, A2 and A3. Other parameters that relate to evap-
oration and run-off are found in Table A4, and
parameters that relate to the initialisation of residue
are in Table A5. These parameters were largely
based on the measured values described above. Other
parameters that are not measurable, but required by
the model, were estimated by consulting a range of
literature.
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Sole maize field experiments

Dalmada and Syferkuil. Biomass accumulation is
presented for the Dalmada experiment in 2002—-03 and
shows a slow accumulation until 50 DAP, followed by
a rapid growth phase until maturity (Figure 1).

The simulated and observed data for all biomass
measurements made at intervals during the growth of
maize in the 2001-02 and 2002-03 seasons at both
sites were combined (Figure 2). The simulated
biomass accumulation was generally underestimated
later in the season (i.e. when biomass values were
largest), but the overall = = 0.83 is high.

Grain yield was similar at the two sites in 2001-02
and increased considerably at Syferkuil in 2002-03
in response to more irrigation (Table 6). A severe
frost late in the season at Syferkuil in 2001-02
reduced the harvested yield and may account for the
overestimation of the simulated grain yield. At
Dalmada in the 2002-03 season, uncontrolled wild
animals damaged the plots by grazing and reduced
harvested yield. This explains much of the variation
between the observed and simulated data.

Dan. After maize was planted across all treatments
in 2001-02, 252 mm of rain fell during November
with a further 202 mm during December, resulting in
good vegetative maize growth. Very hot and dry con-
ditions corresponded with floral initiation around
8 January 2002, with temperatures above 35°C around
flowering time in late January. With the exception of
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Figure 1. The measured values of biomass at 54, 68,
82 and 128 days after planting and the
simulated biomass accumulation of maize at
Dalmada in 2002-03
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42 mm of rain in the last two days of January, drought
conditions prevailed throughout January and Feb-
ruary. These hot and dry conditions resulted in a nearly
complete failure in grain filling and very low grain
yield in all treatments (Table 7). According to the sim-
ulations, N stress affected all treatments from 10 Jan-
uary 2002 until maturity and water stress was limiting
maize yield from February 5 until maturity.

Table 6. The observed and simulated maize grain
yield (kg/ha) of the sole maize treatments.

Year Site Observed Simulated

2001-02 Syferkuil 1238 1627
Dalmada 1185 1200

2002-03 Syferkuil 5181 3843
Dalmada 1674 3733

There was no significant difference in grain yield or
stover + husk yield between treatments. The most grain
was produced in the treatment that received 60 kg N/
ha, while no grain was produced in the treatment that
received no N fertiliser (Table 7). The simulations pre-
dicted the biomass production well but overestimated
the grain produced on the fertilised N treatments. The
effects of Striga hermonthica (witchweed), theft of
green cobs (mealies) and losses due to late harvesting
were all factors that may have contributed to this dis-
crepancy in the treatments that received N fertiliser.
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Figure 2. The relationship between the observed and
predicted data for all biomass measurements
(kg/ha) made during experiments at the
Dalmada and Syferkuil sites.
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Table 7. The observed and simulated grain

harvest at Dan in 2001-02.

and biomass (kg/ha) at final

Grain Biomass
Observed Predicted Observed Predicted
MO 153 0 2735 2345
M30 320 888 3763 4547
M60 591 1300 4621 5403
Significance n.s. n.s.
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Figure 3. Cumulative distribution functions for maize production

with 0, 30 or 60 kg/ha N applied (1975-2002) at Dan.

Long-term simulated performance of maize
production at Dan

The simulation of maize production without N
inputs under dryland conditions at Dan, using the
weather data for the period 1975-2002, indicates
extremely poor maize grain yields (<1000 kg/ha) in
most seasons, and two crop failures (Figure 3).

With the application of 30 kg/ha of N, the poorest
season yielded 587 kg/ha and 50% of the seasons
yielded >1700 kg/ha. The application of 60 kg/ha of
N resulted in maize yielding >2600 kg/ha in 50% of
seasons (Figure 3).

Nitrogen use efficiency (NUE) was in the range
16-59 kg grain/kg N for applications of 30 kg/ha,
and 18-44 kg grain/kg N for applications of 60 kg/ha
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(data not presented). These generally high NUE
figures result from the model’s assumption that there
was no limitation caused by deficiencies of other
nutrients, or by the other factors described above that
affected the field trials.

Conclusion

The APSIM maize model was able to simulate
biomass production with a high degree of precision.
The observed grain yields were often affected by
factors that are unmodellable (e.g. theft, damage by
game) and factors that are now becoming modellable
(e.g. parasitic weeds). A new version of the maize
model that is responsive to P is being tested in the
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ACIAR Risk Management Project (LRW2/2001/
028) in Zimbabwe, and will be applicable to the
low-P soils of South Africa.

The soil characterisations presented in this paper
are common to large areas of arable land in the
Limpopo Province. Utilising the characterisation
information presented in this paper and modifying it
to suit other sites will help expedite other model
applications in the region.

The production of maize at Dan in the absence of N
input resulted in a high risk of crop failure and a very
low potential yield target. This matches the experi-
ences of farmers from the community, presented by
Ndove et al. (2004). The application of moderate
amounts of fertiliser N (30 and 60 kg/ha) resulted in
lower risk and higher yield potential. Although the
reason for not applying fertiliser is said to a lack of
available cash, the costs of ploughing large and often
unused tracts of land are readily paid by the farmers.
Efforts by the agricultural department extension
officers to help farmers reprioritise their crop inputs
could be rewarded by better food security.
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Appendix 1

Specification of APSIM SOILWAT?2
and SOILN2 modules

The parameter swcon determines the proportion of
water above the DUL that will be drained each day.
In a well-drained sandy soil that becomes saturated, it
could be expected that the soil water content will
return to the DUL over 2-3 days. In Probert et al.
(1998), swcon = 0.2 for the ‘“Warra’ vertisol soil indi-
cating much slower drainage than swcon = 0.7 for the
sandy soils described here.

Finert describes the proportion of initial organic
carbon assumed to be inert. Assuming that all organic
C measured at depth is essentially inert, this quantity
is assumed to remain the same at all depths.

Fbiom describes the initial biom as a proportion of
non-inert C. These values are based on Probert et al.
1998 and other published data sets.

Table Al. Soil properties and initial values at the Dan site, by layer

Layer number 1 2 3 4 5
Layer depth (mm) 150 150 300 300 300
Air_dry weight (mm/mm) 0.03 0.03 0.03 0.03 0.03
115 (mm/mm) 0.120 0.120 0.180 0.200 0.200
Dul (mm/mm) 0.230 0.230 0.290 0.290 0.290
Sat (mm/mm) 0.400 0.400 0.400 0.400 0.400
swcon 0.7 0.7 0.7 0.7 0.7
Bulk density (g/cm?) 1.47 1.46 1.46 1.46 1.46
Organic carbon (%) 0.70 0.60 0.50 0.40 0.40
pH 5.0 5.6 5.6 5.8 6.0
nh4 (ug/g) 0.50 0.50 0.50 0.40 0.40
no3 (ug/g) 0.9 0.7 1.5 1.0 1.0
Finert 0.57 0.66 0.80 0.99 0.99
Fbiom 0.03 0.02 0.015 0.010 0.010
Table A2. Soil properties and initial values at the Syferkuil site, by layer.
Layer number 1 2 3 4 5
Layer depth (mm) 150 150 300 300 300
Air—dry weight (mm/mm) 0.03 0.03 0.03 0.03 0.03
115 (mm/mm) 0.054 0.072 0.110 0.110 0.110
Dul (mm/mm) 0.130 0.156 0.157 0.157 0.157
Sat (mm/mm) 0.403 0.403 0.403 0.403 0.403
swcon 0.7 0.7 0.7 0.7 0.7
Bulk density (g/cm3) 1.45 1.45 1.45 1.45 1.45
Organic carbon (%) 0.87 0.87 0.70 0.60 0.50
pH 7.0 7.0 6.9 6.9 6.9
nh4 (ug/g) 0.50 0.50 0.50 0.40 0.40
no3 (ug/g) 11.0 9.0 5.0 5.0 3.0
Finert 0.46 0.46 0.57 0.67 0.80
Fbiom 0.03 0.02 0.015 0.010 0.010
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Table A3. Soil properties and initial values at the Dalmada site, by layer.

Layer number 1 2 3 4
Layer depth (mm) 150 150 300 300
Air_dry weight (mm/mm) 0.03 0.03 0.03 0.03
1115 (mm/mm) 0.068 0.100 0.100 0.100
Dul (mm/mm) 0.182 0.171 0.175 0.175
Sat (mm/mm) 0.432 0.436 0.428 0.428
swcon? 0.7 0.7 0.7 0.7
Bulk density (g/cm3) 1.37 1.36 1.38 1.38
Organic carbon (%) 0.87 0.87 0.70 0.60
pH 6.9 7.0 6.9 6.9
nh4 (ug/g) 0.50 0.50 0.50 0.40
no3 (ug/g) 3.00 2.00 1.00 0.50
Finert? 0.46 0.46 0.57 0.67
Fbiom® 0.03 0.02 0.015 0.010

Table A4. Soil water parameters for the experimental sites at Dan, Syferkuil
and Dalmada.

APSIM code Definition Values
u Stage 1 soil evaporation coefficient (mm) 3.0
cona Coefficient for stage 2 soil evaporation (mm day —0-5) 3.5
cn2 Run-off curve number 802
cn_red Maximum reduction in cn2 due to presence of surface residues 20
cn_cv Percentage residue cover at which maximum reduction in cn2 occurs 80
salb Bare soil albedo 0.1
diffus_const Coefficient defining diffusivity 88
diff_slope Coefficient defining diffusivity 354

2 The curve number at Syferkuil and Dalmada was set as 72 to represent lower potential run-off from these very flat
sites than from the sloping and hard-setting Dan site.

Table AS. Soil nitrogen parameters for experimental sites at Dan, Syferkuil and Dalmada.

APSIM code Definition Values
soil_cn C:N ratio of soil 14.5
root_wt Initial root residues (kg/ha) 400
root_cnr C:N ratio of root residues 45
residue_wt Initial surface residues (kg/ha) 100
residue_cnr C:N ratio of surface residues 80
residue_type Type of surface residues, which determines the specific area and maize

contact factor used by the residue module

pot_decomp_rate Potential decomposition rate of surface residues under optimal 0.05
conditions (day!)
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Evaluation of Forage
Technologies
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Tropical Forage Research for the Future —
Better Use of Research Resources to Deliver
Adoption and Benefits to Farmers!

B.C. Pengelly,* A. Whitbread,* P.R. Mazaiwana® and N. Mukombe

Abstract

Successful adoption of forage technology is frequently associated with a need to increase production and
income generation. Farmers might be expected to ‘demand’ new forages only when they can see a financial
benefit in the short to medium term. Opportunities for farmers to generate income from livestock production
are increasing dramatically as demand for animal products increases across Asia and Africa. Most of this
increased demand will be met from mixed cropping—livestock enterprises, in which most tropical livestock are
currently raised and production usually depends on low-quality crop residues. Forage research in the future
will need to provide farmers with the means to meet the increased demand for livestock products. The
challenge will be to develop research strategies that identify well-adapted forages that can improve livestock
production and can be grown within the spatial and temporal constraints of complex and resource-limited
mixed cropping—livestock farming systems; in addition, it will be necessary to provide appropriate information
on the management and economic benefits of these forages. This paper presents two possible approaches.

In a participatory action research program on the use of forage legumes in cropping systems in Zimbabwe,
the keys to successful forage adoption in rural communities are seen as: the emerging market for livestock
products; a motivated and educated extension service working with a range of research specialists; and
opportunities for beneficial synergies to be exploited from a mixed livestock—maize production system.
Focused benchmarking of the communities identified farmers with sufficient resources and appropriate
livestock systems to benefit from improved forage.

In a rice-based Indonesian farming system, simulation of forage growth and livestock production before on-
farm research begins is being used to examine the possible whole-of-farm impacts of using planted forages.
Identifying the most likely spatial and temporal opportunities for growing forages and incorporating them into
the feed calendar can potentially avoid costly on-farm research on practices that have doubtful economic
impact; moreover, this approach enables a wide range of options to be compared rapidly.

To avoid the mistakes of the past, researchers need to provide supporting evidence that investment in new
forages makes a difference not only to livestock production but also to household income. They will need to
focus on farming systems, such as mixed crop— livestock systems, where farmers have total control over the
forage they produce and where adoption can be shown to be economically sustainable. Researchers also need
to identify and target those farmers within rural communities with the resource capacity to invest in new
farming practices.

I This paper was first printed in Tropical Grasslands,
volume 37, pages 207-216. It is reprinted here with the
permission of the journal.

* CSIRO Sustainable Ecosystems, Queensland
Biosciences Precinct, St Lucia, Queensland 4067,
Australia.

f AGRITEX, Wedza, Zimbabwe.
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Livestock production is an important component of
many smallholder farming systems throughout the
tropics. As well as providing food, such as fish, meat,
milk and eggs, livestock are also critical in providing
draft power and manure for fertiliser and/or fuel;
moreover, livestock often have wider socioeconomic
roles within the community, such as providing finan-
cial security. The feed sources for animals in small-
holder farming systems are extremely variable but
usually comprise a mixture of grazing on commu-
nally owned grasslands, cut-and-carry forages from
off-farm, and crop residues.

Without substantial additions to the diet in the
form of mineral, protein and energy supplements,
both reproductive rates and animal production are
almost universally poor within these systems.
Despite this low level of animal production, dietary
supplements including sown forages have seldom
been used until recently because of farmers’ percep-
tions that they were not needed, the lack of capital or
planting materials, or the absence of a financial
incentive to invest labour and capital in forage pro-
duction. For many years, the lack of incentive for
forage investment resulted in poor adoption of almost
all new forage technologies in smallholder systems in
tropical Africa and Asia. This is despite many
decades of pasture and forage research, and develop-
ment in these regions. As noted by Squires et al.
(1992) and Thomas and Sumberg (1995), the adop-
tion of planted forages by farmers in sub-Saharan
Africa has, in the main, been limited. Before consid-
ering any further commitment to new tropical forage
science in smallholder farming systems, researchers
need to address the following three key questions:

* Given the history of forage adoption, why should
an increase occur rnow in the use of improved
forages in smallholder systems?

e If such an increase is to occur, what farmers are
most likely to adopt forage technology and in what
farming systems?

» What have been the constraints to forage adoption
and utilisation by these farmers?

This paper attempts to answer these questions in
the light of international and regional trends in live-
stock production and consumption, socioeconomic
constraints on farmers, and the large body of infor-
mation already available on forage species adapta-
tion and forage management.
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International Demand for Livestock
Products

The past 10 years have seen remarkable changes in
demand for livestock products across the tropical
world, and the increased demand is predicted to
become even more obvious in the future. It has been
estimated that milk consumption across the tropics
will increase by about 3.2% per year until 2020 (Del-
gado et al. 1999). Similarly, beef and pork consump-
tion is expected to double in developing countries
between 1993 and 2020. This increase in demand is
already having, and will continue to have, major
impacts on household, farm and even regional econ-
omies throughout the tropics. The mixed crop—live-
stock farming systems of the tropics will be most
affected by this increase in demand for livestock
products. These systems already produce more than
half the meat and most of the world’s milk supply
(Blackburn 1998; CAST 1999); more than 85% of
the world’s cattle, sheep and goats are held in these
mixed systems in the tropics (Gardiner and Devendra
1995).

In several regions of Africa, Asia and the Amer-
icas, dairying has become an important and econom-
ically attractive enterprise for smallholder farmers.
For example, by 1996, more than 400 000 small-
holder dairy farmers in Kenya produced about 70%
of the country’s market milk (Reynolds et al. 1996).
In Thailand, dairy cattle numbers increased fourfold
during the 1990s to meet the increase in demand for
milk; by 1999, there were >19 000 smallholder dairy
farms in existence (Hare et al. 1999). Similar
increases in demand for milk have been recorded in
Colombia, South America (Rivas and Holmann
2000). With these rapid increases in livestock pro-
duction comes demand for new sources of livestock
feed.

