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Welcome to the Second Biennid International Symposium on Farming Systems Design. Your interest in this
areawill make this symposium a success and amajor international effort among a number of scientifi ¢ societies.
On behalf of the cooperating scientifi ¢ societies and the program committee, we thank you for your participation
and your interactions with international colleagues on this important topic. The increasing interest in aternative
farming systems and an effort to expand the capability and capacity of farming systemsto provide food, feed, fud,
fi ber, or fl owers continues to raise questions about how this can be donein a sustainable manner.

This symposium was designed to address a number of themes which were identifi ed by the Program Committee.
The themes for this symposium cover a number of aress that cover broad-scale questions. These themes follow
throughout the program and the papers are grouped according to these themes.

Theme 1. Regiond-scd e farm design and improvement
Subtheme 1.1 Lifecycle of Vdue Chains
Subtheme 1.2 Climate impacts on agriculturd systems
Theme 2. Field-scde farm design and improvement
Theme 3. Alternative management systems
Subtheme 3.1 Systemsfor energy and water-use effi cient farming
Subtheme 3.2 Systemsfor reducing greenhouse gas emissions and increas ng carbon storage
Subtheme 3.3 Systems for biofud production and production systems

Subtheme 3.4 Systems for aternative production

Theme 4. Mode application and outcomes
Theme 5. Software Support for Farming Systems Design

This program was structured to alow for maximum amount of interaction among the participants. The tour thet is
associated with this symposium is designed to supplement the concepts discussed in the oral and poster sessions
by dlowing the participants to see the innovative systems that are being implemented but to dso hear from the
producers how they see the future challenges in terms of farming systems. We owe a specia thanks to Mary
Bianchi and Warren Hutchings for their efforts in organizing thistour for this symposium.

There remains much to be done in the exciting area of farming systems. The interactions among the scientifi ¢
societies provide an impetus for continued dialog among researchers and technology transfer specidists to expand
our understanding of farming systems. We are excited that you are willing to share your knowledge with us. We
hope that you will fi nd this symposium informetive, enjoyable, and useful to your professional career.

Ay ¢ 4kl e

Jerry L. Hatfi ed, Organizing Co-Chair Jon D. Hanson, Organizing Co-Chair
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REDUCING HERBICIDE IN BANANA CROPPING SYSTEMS
BY INTEGRATING COVER CROPS:

EXPERIMENTAL AND MODELLING APPROACH
Achard Rapahél', Laurens Aude’, Tixier Philippe®
! CIRAD, UPR26, PRAM, Petit Morne, BP 214, 97285 Le Lamentin Cedex 2, France,
achard@cirad.fr

INTRODUCTION

Banana cropping systems for export market were based on monocropping systems and on the
massive used of fertilizer and pesticides. There is actually an important demand from society and
policy-maker for more sustainable and environmentally friendly banana systems. Nowadays, the
reintroduction of fallow and the use of in vitro plantlets constitute effective cultural strategies to
reduce nematodes damages and nematicide uses. Herbicide use becomes the most important
pesticide input in banana farms and developing herbicide free alternatives is a priority.
Intercropping with cover crops constitute the main alternative to reduce herbicide used in banana
fields. However, to maintain sufficient economical yield, the competition between the banana plant
and the cover crop has to be evaluated and eventually compensated.

MATERIALS AND METHODS

A field experiment has been carried out in Martinique (French West Indies, 26°C average
temperature, 2500 mm annual rainfall) to evaluate the impact of intercropping banana with two
cover crops Bracharia decumbens and Cynodon daclylon, mechanically managed. These
intercropping systems were compared to bare soil obtained with glyphosate spraying. Nitrogen
fertilizer was applied monthly around the banana corm for a total amount of 200 UN/ha and 300
UN/ha, for the first and the second cycle. We measured banana growth, duration of crop cycle, and
bunch number of finger, during two cropping cycles. We monitored the nitrogen nutrition status of
plants by Chlorophyll meter SPAD 502 (Achard, 2006). Mineral nitrogen content in soil was
measured at some key dates in the row and in the inter-row. We adapted the nitrogen balance model
SIMBA-N (Dorel, 2007) to account for the effect of the cover crop. It includes cover crop growth,
its nitrogen demand, and the competition with the banana plant.

RESULTS AND DISCUSSION

During the first cropping cycle (table 1), four months after planting, banana plants intercropped
with Bracharia decumbens and Cynodon daclylon had significant lower level of nitrogen (SPAD
index) and growth (-25% of pseudostem high) than on bare soil. At flowering stage (six months
after planting), growth and SPAD index were not significantly different between intercropped and
bare soil treatments. However, the planting-flowering interval was 6 to 8 weeks significantly longer
in the intercropped treatments. Furthermore, the bunch size was lower in intercropped treatments.
These results show that cover crops induce nitrogen limitation during banana growth and reduce
productivity for the first cycle.

During the second cropping cycle, 12 months after planting, the ratooning banana plants
intercropped had significant lower growth (-20% of pseudostem high), but had similar nitrogen
SPAD index and similar bunch weights. Compared to the bare soil, the flowering of intercropped
banana was significantly delayed. For this cropping cycle, yield loses are mainly due to the later
flowering that is not longer than in first cropping cycle. We hypothesize it is an heritage from the
first cropping cycle and not due to competitions during the second cropping cycle.

The higher nitrogen competition occurred during the first cycle and is clearly link to the cover crop
demand during its initial growth. This growth was 9 and 5 ton of dry matter in three months,
corresponding to 110 and 55 UN/ha for Bracharia decumbens and Cynodon daclylon, respectively,
After the initial growth of cover crops, mowing residues of cover crops mineralized and return in
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the nitrogen balance, similarly to Brachiaria pasture (Boddey, 2004). Intercropped banana my only
require increased nitrogen fertilisation during the initial growth of the cover crop.

With these data and nitrogen content of soil (data not showed), we were able to set the parameters
of the model. On this basis, for a mowing every three months and a 45UN/ha fertilization, the
model represent well the depressive effect of the cover crop during the first cycle of the bananas
(figure 1), a slight depressive effect in the second cycle, and show that for the following cycles no
effect would be expected. The model also indicates that an increase of fertilisation from 45 to 145
UN/ha each two month is require to satisfy nitrogen demand during the vegetative growth of
bananas plants in the first cycle and would avoid competition effects on yield and cycle duration.
Another promising use of the model consists in exploring new technical combination in time and in
space of the cover crop, e.g. anticipate the cover crop establishment, and with other species of cover
crops that could be less competitive and/or requiring less specific management. Future activities
will deal with introducing legume cover as cover crop in banana cropping systems and with a more
comprehensive evaluation of agronomic and environmental performances of these new banana
cropping systems.

Table 1. Agronomic results for two banana first cropping cycles

L3

Agronomic Vegetative growth Growth at flowering Cycle Bunch size
parameter (12& 52 weeks after plantation) duration
Pseudostem Chlorophyl Pseudostem Chlorophyl WAP Finger

Cycle /Treatment high (cm) index SPAD high (cm) index SPAD (weeks) number
First Cycle
TO Bare soil 180 A 57 A 264 55 26 A 171 A
T1 Cynondon cover 135 B 53 B 262 55 32B 156 B
T2 Bracharia cover 120 B 52 B 271 57 34 B 164 AB
Statistics HS HS NS NS S S
Second cycle
TO Bare soil 262 A 55 296 56 B 62 A 216
T1 Cynondon cover 203 B 53 302 58 A 69 B 218
T2 Bracharia cover 213 B 53 301 56 B 69 B 213
Statistics HS NS NS S HS NS

1: BIOMS VEG 1 2: BIOMS VEG 2 4: BIOMS VEG 4 1: BIOMS VEG 1 BIOMS VEG EG BIOM: EG

|

10 o 1:I 10

5l

i 1]
e |- -GI

1
75.00 100.00
18:15 mar 2 sep 2008

e

T 1
75.00 100.00

Weeks 18:20 mar 2 sep 2008

Figure 1: Growth simulation of bananas on bare soil (on the left) and with grass cover (right)
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INTRODUCTION

Life Cycle Assessment (LCA) is a tool that compiksd evaluates the inputs, outputs, and
potential environmental impacts of a product systé&¢hen used to compare production modes, LCA
can reveal which mode appears “environmentally ebetbut does not indicate whether it is
environmentally sustainable. LCA also is predomilyansite-generic, considering emissions
independent of landscape characteristics (FinnvedenNilsson 2005). Here, we define a sustainable
farming activity as an activity in which “pollutingmissions and use of natural resources can be
supported in the long term by the natural enviromthéPayraudeau and van der Werf 2005).
Subsequently, we develop reference values (RVs)adeess whether production modes are
environmentally sustainable in a specific environtne

MATERIALSAND METHODS

We assessed two impacts with different spatialescal global impact, climate change (CC), and
a local impact, eutrophication (E, limited to itgrate leaching component), for 45 dairy farms in
Brittany (western France). Farms were assessed BMBN-E, a LCA-based tool (Van der Werf,
Kanyarushoki, and Corson Forthcoming). For bothaotp, on a per-hectare basis, we defined relative
and absolute RVs. Relative RVs were defined asrié@n impacts of the “best” (i.e., having the lowest
impacts) one-third of the population (here, 15 f&xnAbsolute RVs were founded on science-based
political objectives and define thresholds of simsthility. For CC we considered the French
government target: reducing greenhouse gas emssbipBA0% by 2020 and by 75% by 2050; for E we
considered the European Union Water Framework Bvmescwhich aims for “good” water status using
a nitrate (NQ) standard of 50 mg/l. The other absolute RV fotevguality, with respect to ecological
health, is based on research in the bay of Lanmamorthern Brittany (Ménesguen 2003). Strongly
reducing algal blooms here would require a maxinaomcentration of 10 mg/l of NEn the rivers.
Since E is a local impact, two different absoluiésRvere set based on a regional characteristicOtL96
1990 mean annual drainage flow) and on-farm nin#itegen balances (after taking atmospheric
depositions and gaseous losses into account) itmagsta theoretical mean annual concentration of
nitrates under fields, a method developed in thggan (Payraudeau, van der Werf, and Vertes 2006).
An indicator of nutritional energy production wased to normalize differences among farms that
produced different proportions of animal and cropdoicts.

RESULTSAND DISCUSSION

For CC, the 45 farms’ mean, relative, and two alisaleference values were, respectively, 6107
(mean), 4862 (relative), 4885 (2020 goal) and 1&P50 goal) kg C@equivalent per ha. For E the 45
farms’ mean, relative, and two absolute refereradaes were, respectively, 59 (mean), 31 (relative),
38 (50mg/l goal) and 8 (10mg/l goal) kg/ha of rggea as nitrate. Seven farms had impacts below the
2020 goal (CC) and 10 below the goal of 50 mg/| @&)f these farms had impacts below RVs for both
impacts (Figure 1). To determine whether groups/aland below the RVs had significantly different
characteristics, g2 test of independence was performed by compaheg tistribution around the
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overall median of each characteristic. As showmahle 1, these 14 unique farms differed signifigant
from the other farms in the proportion that prodacganically, their agricultural area, milk prodioct,
greenhouse gas (GHG) and nitrate emissions, aree{timpacts.

This study revealed a positive correlation betw€éhand E (Figure 1), which leads us to hope
that reducing one will not increase the other. regéngly, the “low-E” farms tend to produce less
nutritional energy, in particular from crop prodsicper ha of land occupied, whereas the “low-CC”
farms produce slightly more nutritional energy avith a larger proportion from crop products.

These preliminary results show the interest in tgpieg and applying RVs and illustrate that
absolute RVs currently remain unattainable for nfasins. The major implications of defining RVs
include: (i) guiding current farming systems toeafative forms by showing which stages of
production have the largest environmental impgajsthe possibility of indicating which impacts ma
most interest stakeholders, and (iii) consideringtiple spatial scales based on local, regionatl an
global characteristics of the natural environmedriture work will explore management options
leading to compliance with absolute RVs.
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INTRODUCTION

In arid regions, agro pastoralists develop compgleategies in order to anticipate losses caused
by drought. Asset diversification, based on the lomation of crop and livestock, is one such strateg
that allows coping with climate uncertainty. Duritige last ten years, international demand for cuino
(Chenopodium quinoa) has multiplied its price by a factor of 15 (Acagtlba 2007) maintaining high
prices for this product. In southwestern Boliviarge areas of rangelands were converted into arable
land, upsetting the balance between quinoa cropllant stocks l(ama glama), llama products are
exclusively sold on local markets. We develop aiaaility model to assess the long term dynamics of
mixed farming systems under climatic uncertainthe Tmodel represents two assets which are
compared in order to find out the effect of yieldriance on decision-making. The model is used to
identify the viable combination of quinoa crop aigstock, minimizing climatic effects on mixed
farming systems.

DESCRIPTION OF MODEL

The model represents a general problem of landhlliseation under constraint#t relies on a state-
space representation. The state variable is tre fatmer's wealth divided into two land uses: a
grazing llama flock and a cropping system baseduwnoa. Each land use is characterized by its sale
price and by its annual yield depending on a clicmgtrameter. It is assumed that the climatic
parameter can fluctuate along time within two axieevalues. This climatic parameter accounts for
good and bad agricultural or livestock years. Qaiproduction is the asset with high variance in
average yields between year types and high pradfannually (75 Euros per ton); whereas llama
stock is the asset with similar low average yidv@sween years and low market prices. A control
variable stands for the proportion of wealth altedato each land use. It represents the farmer’s
management strategy in terms of number of llamasaamount of quinoa cultivated. Furthermore, the
farmer needs to secure a minimum income at alldimié@is minimum income is taken as a viability
constraint; it represents the cash value needsddare the annual family's subsistence requiremkints
is a fixed value, estimated for a reference far(illichit, Hubert, Doyen, and Genin 2004). State and
control variables define a geometrical space witvimich there are wealth levels and decisions
maintaining long term wealth viability while ensugi minimum income despite climatic uncertainty.

The mathematical framework of viable control the@/€T) (De Lara and Doyen 2008) is used
to analyse the compatibility between wealth dynamand constraints. This framework makes it
possible to identify land use allocation decisi@msl wealth levels that ensure the satisfaction of
viability constraints at all times, despite uncettias that may exist. The model is not limited thg
need to provide any statistical data on the digtidm of the climatic variable. The need for thst i
eliminated by the adoption of a worst case andlyotsk-averse approach related to robust viapilit
(De Lara and Doyen 2008). The computation of tlabiity kernel is the set of initial wealth levels
from which there exists decisions that yield wedatlolutions such that the viability constraint heold
true for every time. However due to the presencexofgenous uncertainty, careful attention has to be
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paid to the strategy used in the control variabléste, non-anticipative strategies are considered,
which means that current decisions depend on tbiegoa present realisation of uncertainty, butamot
its future values, which are unknown and unprebieta

RESULTSAND DISCUSSION

Specialized strategies either on quinoa or on llatoek were not viable for any climatic
scenarios. Specialized strategies based on quioaxéremely risky and in many years, they do not
make it possible to ensure a farmer’s minimum ineqidig 1a). However, in good years, they will
ensure a quick increase in wealth. If based ondlatock only, viable specialized strategies reqaire
higher wealth level in order to secure minimum meowhatever the climatic conditions (results not
shown). Different mixed strategies combining batledtock and crop in varying proportion were
simulated. Results show that combining 30% quinath W0% llama stock is a robust strategy,
ensuring the mixed farming system viability in aglynatic scenario (Fig 1b). Due to their ability to
thrive during environmental perturbation, livestaale a stabilising component of the mixed farming
system, whereas quinoa crop makes it possiblehiewee quick recovery after drought years.

These first results have highlighted the agricaltuttomponent of mixed farming systems.
However, livelihood strategies, in particular thdmesed on off-farm income and migration, are likely
to play an important role in risk mitigation strgites. Integration of such social and economic isssie
needed to design alternative farming systems. EBurthodel development will integrate off-farm
income and prices variation. Agro pastoralist siiesehave to face new sources of risk because they
are no longer isolated. Markets, NGOs, researchdamdlopment institutes, and governments generate
links that are pressures but also are sources mivative information that induce changes in
management practices, changes that usually go ieedotThus, studying agro pastoral systems
requires looking beyond the agricultural productgystem. The sustainability of livestock production
systems should be considered as a whole by in@dugbrio-economic factors in multi-criteria analyses

REFERENCES

Acosta-Alba, Ivonne. 2007. "Sustainability of fangisystems on the bolivian altiplano: which balance

between farming and livestock production." EMTS Masthesis, AgroParisTech, MNHN,
PVII, Paris.

De Lara, Michel and Luc Doyen. 2008ustainable Management of Natural Resources: Mathematical
Models and Methods: Springer Berlin Heidelberg.

Tichit, Muriel, Bernard Hubert, Luc Doyen, and BadiGenin. 2004. "A viability model to assess the
sustainability of mixed herds under climatic unagy.” Anim. Res. 53:405-417.

a) Specialized strategy based on quinoa b) Diversified strategy with 70% llamas

D .| . Strategy specialized in quinop .| — Diversified strategy

& { ¢ Minimalwealth threshold Minimal wealth threshold

<

= 04 ]/ | 1500

5

s

0 o] AT A o]

[ 4

(&)

£

f— 500

(U 4

- 1 % —+—+—+ 0+
T T T T T T T T 04 T T T T T T

L A VS AR A A Vears

Figure 1. Change over time of farmer's wealth fwo tcontrasted land use strategies. a) Specializategy

based on quinoa production only; b) mixed strategsed on 30% quinoa and 70% llamas. In both figines
threshold represent minimum income.



Farming Systems Design 2009, Monterey, California, USA

Evaluation of ratooning ability of NERICA lowland rice as an option for triple
cropping in inland valley without irrigation in derived savannah

Adigbo, S.0O. and Olojede, M.O.
Plant Physiology and Crop Production Department,
College of Plant Science and Crop Production,
University of Agriculture, Abeokuta, Nigeria.
sundayadigbo@yahoo.com

INTRODUCTION

Under the prevailing traditional farming in inland valley of Southwestern Nigeria, one crop of
rice is grown per year because swamps are not developed and water flow is not controlled (WARDA,
1993). Most farmers practice double cropping in the inland valleys (i.e. lowland rice-dry season
vegetable sequence). Considerable opportunity exists for growing the third crop between the lowland
rice and the dry season cropping. The period of soil moisture availability in this niche is not only too
short to accommodate second lowland rice but will not be sufficient to support it. Earlier study showed
that early maturing upland rice dibbled into the niche decreased the overall benefit/cost ratio of triple
cropping rather than increasing it (Adigbo et al., 2007). However, this period could accommodate
ratooned rice crop because it matures early and requires less water. Ratooned rice crop could therefore
be a veritable option. The objectives of this study were 1) to evaluate the performance of main crop of
lowland rice of the New Rice for Africa (NERICA) varieties and 2) to evaluate the performance of
ratooned rice crop of NERICA lowland rice varieties in the existing niche.
Materials and Methods
The experiment was conducted in 2007/2008-2008/2009 cropping seasons in an inland valley (1V) of
the University of Agriculture, Abeokuta, Nigeria. The experiment was laid out in Randomize Complete
Block Design (RCBD) in three replicates. Ten lowland rice varieties of NERICA were planted in May
and harvested in September. The harvested rice shoots were cut to 5cm above the soil level to stimulate
ratoon growth and harvested in November. The plot size was 3 m x 2 m and spacing of 20 x 20 cm
apart. Fluted pumpkin (Telfaria occedentalis) was planted in December and harvested in April.
Data collection and analysis for main and ratooned rice crops
Stand count, number of days to 50% flowering, grains panicle™, plant height and Grain yield (t ha™).
The data collected were subjected to analysis of variance and means were separated using DMRT.
Results and discussion
NERICA-L 22 and 25 had the lowest number of ratooned tillers plot™ while those of NERICA-L 19,
20, 26, 44 and 47 were the highest. The number of days to flowering ranged between 88 and 98 days
after planting (DAP) for main rice and 27 and 38 DAP for ratooned rice crop. The main rice crop had
significantly higher average grain yield (6.49 t ha™) than ratoon rice crop (2.93 t ha'). The total grain
yields of the two rice crops in 7 months were similar (9.38 t ha™ and 9.46 t ha™ in 2007/2008 and
2008/2009 cropping seasons, respectively). The grain yields of main rice crop ranged between 4.97 and
7.31 t ha™ while those of ratooned crop ranged between 0.97 and 4.66 t ha™.in 2007/2008 cropping
season (Table 1). In 2008/2009 cropping season, the grain yields of main rice crop range between 4.1
and 9.4 t ha™ while the ratoon rice ranged between 1.2 and 3.4 t ha™* (Table 2). The fresh leaf of fluted
pumpkin gave of 15.51 t ha™. Ratooned rice crop in this niche gave substantial grain yields of rice
compared to the obtainable yield of upland rice {1.5 t ha™ (IITA, 1990) and 1.38 t ha™ (Africa Rice
Center, 2008)} in the upland ecology. Thus, ratooned rice appeared to be viable technology capable of
boosting rice production in the niche and consequently increase the productivity of inland valley.
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Table 1: Agronomic performance of main and ratooned crop of (NERICA-L) variety in 2007
cropping season.

Main rice crop

Ratooned rice

Variety 50% Grains  Grain yield Ratoon 50% Grains  Grain yield
heading  panicle’ tha® emergence heading  panicle® tha®
NERICA-L 19 92cd 211bcd  5.28bc 129a 34abc 85de 3.97abc
NERICA-L 20 90d 112e 5.97abc 134a 34abc 95cd 4.08abc
NERICA-L 22 93bc 191d 5.54bc 72c 34abc 95cd 1.10e
NERICA-L 24 93bc 236ab 6.25abc 87bc 32c 109bc 2.24d
NERICA-L 25 94b 239ab 6.23abc 76¢C 27d 119ab 0.97e
NERICA-L 26 98a 249a 6.42ab 141a 37ab 69e 4.66a
NERICA-L 41 91d 232abc  7.3la 100b 38a 129a 4.26ab
NERICA-L 42 92cd 233abc  7.05a 92bc 37ab 97cd 3.61bc
NERICA-L 44 93bc 194cd 6.31abc 143a 33bc 89d 4.09abc
NERICA-L 47 88d 192d 4.97c 133a 32c 89d 3.38c
*F test 0.0001 0.0241 0.048 0.0001 0.036 0.0040  0.0000
SE 0.7802 16.41 0.46 9.896 2.023 8.4164  0.48

+ = Data was not collected because of lodging, * Significance (p value), Values with the same alphabet vertically are not
significantly different from each other

Table 2: Agronomic performance of main and ratooned crop of lowland rice variety in 2008/2009
cropping season.

Main rice crop

Ratooned rice

Variety 50% Grains  Grain yield Ratoon 50% Grains  Grain yield
heading  panicle’ tha® emergence heading  panicle® tha®
NERICA-L 19 96ab 142a 6.5de 128bc 41bc 109cde  2.7ab
NERICA-L 20 94cd 159a 6.5de 137abc 40bc 123bc 3.4a
NERICA-L 22 95hbc 140a 7.3cd 79d 38cd 84f 1.6¢
NERICA-L 24 91d 163a 9.4a 110c 42b 125bc 3.2ab
*OFADA 94cd 163a 4.19 135abc 29%e 132b 1.2¢c
NERICA-L 26 99 180a 7.7 152ab 33de 93ef 2.6b
NERICA-L 41 93cd 186a 1.7 144ab 43b 128b 3.4ab
NERICA-L 42 95bc 158a 9.1ab 56d 48a 114cd 1.8c
NERICA-L 44 95hbc 166a 7.9 151ab 37cd 101def 3.0ab
NERICA-L 47 88e 178a 4.5fg 159a 42b 165a 3.3ab
*F-Test 0.002 NS 0.0000 0.0004 0.0002 0.0003  0.003
SE 1.3 0.5 0.57 13.1 1.9 8.8 0.38

+ = Data was not collected because of lodging, * Significance (p value), Values with the same alphabet vertically are not

significantly different from each other. *OFADA was used to replace NERICA-L 25 because of lodging.
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INTRODUCTION

Agriculture, as the largest land user in Europe, is increasingly questioned about its impacts
on the environment. The mutual relationship between land and farmer practices is an important
factor to consider for studying land use decisions. Land management is part of the whole technical
management of agricultural production at farm level and partly determines farm profitability. The
collective dynamics generated by all individual farm land use choices impacts on ecological
processes occurring on larger space. Therefore, to improve resource use efficiency at farm level
(e.g. land, water) and to better manage environmental resources at landscape level (e.g. erosion),
one needs to consider processes of crop allocation to land.

In the past, modelling crop allocation has been extensively addressed (Aubry et al., 1998),
but most of the approaches used were static (Dogliotti et al., 2003). The cropping plan choices were
usually summarized as a single decision occurring once a year. The dynamic processes, i€
modelling the allocation choices as a succession of reactive and planned decisions along annual and
long term horizons, were rarely used. Crop allocation choices involve an important part of
uncertainty and risk (e.g. price, weather) that have to be accounted for. Further, in most existing
modelling approaches, the latter was not spatially represented and was usually summarized as single
crop acreage distributions across land types.

Although modelling agricultural decision-making is not new, it has never been carried out
into details on crop allocation decisions at farm scale. Based on three complementary PhD works
we propose to model these crop allocation decisions at farm scale, in order to: 1) understand and
model the relationships between different types of decision and the time farmers take them, ii)
support farmers in their annual and long term crop allocation strategies and iii) support the design
of environmental public policies by simulating their effects on individual land use decisions and
their environmental impacts at landscape level through a bottom up approach.

MATERIALS AND METHODS

In order to explore the variability of crop choices and crop allocation on the farm territory in
relation with farmers’ objectives, we carried out two different sets of farmer interviews in France.
We focused on farm constraints (spatial organization of the farm territory, climate and soils
characteristics, labour organization), and on regional and larger scale constraints (socio-economic
context, CAP requirements). In set 1 (11 farms in the “Niort Plain” region), we sought to formalize
the links between crops and animal production and its impact on cash-crop surfaces vs. forage
surfaces choices on farm, considering the variable annual forage needs for livestock. In set 2 (30
farms scattered into Midi-Pyrénées, Poitou-Charentes and Centre) we focused on the effect of water
availability and irrigation rules on crop choices in arable farms. In this survey, parts of the

-9-
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questionnaire aimed at assessing farmers’ aversion towards risk.

Based on collected information completed by a literature review, we sketched towards a
conceptual model which includes spatial and temporal dynamics of the crop allocation decision-
making processes at farm scale.

RESULTS AND DISCUSSION

Preliminary data analysis showed that farmers’ decisions to chose crops, define acreage and
allocate them to land are strongly dependant on each other and can hardly be solve independently.
Further there are strong relationships between annual and long term thinking while farmers take
these decisions.

Some farm specific constraints which drive the crop allocation decision-making process are
hardly manageable on short term perspective. Field characteristics (e.g. area, shape, soil type, water
accessibility) and their spatial distribution into the territory (distance, access) are the first structural
constraints that strongly affect the decision-making process. Based on these constraints, farmers
organize their farming territory into homogeneous land units in relation to their own production
objectives (e.g. cash crop, forage for animal). This spatial organization implies annual and/or long
term plot division strategies that appear to be dependant on the farm territory structure and the
nature of production. The management units receive different crop rotations or perennial crops (e.g.
grasslands) generating different and complementary crop management systems. These crop
management systems are relatively stable in time but are very likely to evolve when important
changes of the context and/or farmers’ objectives occur. Understanding how farmers organize the
farm territory is therefore a key element for modelling crop allocation decision-making processes
because it structures crop productions.

Annual scheduling of decision-making processes leading to the cropping plan are very
different from farm to farm and strongly depends on farmers’ strategies, socio-economical context
and available information. However, in all cases, the decision-making process is a succession of
embedded anticipatory and reactive phases (Garcia et al., 2005). The different phases can be
identified in relation to specific farmers’ strategies, constraints and events (e.g. price change, water
attribution), and can therefore be incorporated into a generic modelling framework.

Modelling the crop allocation decision-making processes requires to explicit the interactions
between a set of constraints from very different natures fitted into different time scale dynamics and
integrated into various spatial entities within the farm territory. At this stage, the paper has just
sketched the basic needs for modelling crop allocation processes. The model has not been
implemented yet, since it first requires a translation of the decisional-model into formalisms usable
in combination with biophysical crop models. Using modelling and simulation platform (RECORD,
DYPAL), these formalisms will be coupled with biophysical models and optimization algorithm to
simulate crop management strategies.
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Abstract

This model application from Israel of new agricultural technologies and practices under
real-world conditions of Azerbaijan. Farm takes the area about 4000 ha on South West
part of the country.

Key words: Carbon Sequestration, Crop Production, Implications for Plant Growth of
Irrigation, Agricultural Offsets, Environmental change.

Introduction

Farm destination is latitude 39° 37' 30" N, longitude 048° 08' 42" E, altitude maximum 73
m, minimum O m above sea level, plateau with a poor soil quality. Underground water
level close to surface on 0.5-12 m.

Crop production in the Agriculture Farm Bilasuvar is winter wheat, corn, sugar beet,
industrial tomato, greenhouse tomato, vegetables and orchards.

MATERIALS AND METHODS

Agriculture Technology Transferring method, allow to economy of money to the research
and development of projects. Developing improved nutrient, tillage, and crop
management practices that will enhance productivity without negative off-site
consequences

Education farmers and agronomists for familiarity with drip irrigation, pivot system,
fertigation, seedlings, net house crop production, greenhouse and others resources.

RESULTS

Our experience shown, that a most of the farmers in the world have not familiarity with
hi-tech methods on agriculture crop production. Education of the agriculture experts in
Israel from different countries confirm our assumptions, that most farmers and
agronomists not familiarity with drip irrigation, pivot system, fertigation, seedlings, net
house crop production, greenhouse and others resources show quick economic return.
Best soil and water management for the food production and increase a carbon
sequestration. Crop production affected and increasing impact of climate change will our

-11-

.



Farming Systems Design 2009, Monterey, California, USA

ability to efficiently crops produce. Every plants species is important agriculture crop or
growing of halophytes for the biofuel.

CONCLUSIONS

Education of agriculture experts from different countries is important. Most farmers and
agronomists not familiarity with drip irrigation, pivot system irrigation, fertigation,
seedlings, net house crop production, and others resources consider to increase biomass ,
consequence enhance carbon sequestration.

What will do? Make wide ways for the transferring agronomic knowledge and advanced
technology to agriculture farms, agronomist and managers. Impact of agricultural research
from Israel to Azerbaijan by: better understanding learning and adoption pathways of
farmers and agricultural industries.

We also are assessing the roles and effectiveness of decision support systems, and
developing, evaluating and designing the implementation of action research cycles for to
produce food, feed, and fiber by methods to evaluate water-use efficiency and comparison
among farming systems to determine optimum management strategies. Every plants
species is important!

One of the outcomes is to increase the information sharing among the different farmers
and enhance agriculture throughout then all regions of Azerbaijan.
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REDUCING NITRATE AND WATER LOSS USING MICROBIAL
COMMUNITY FERMENTATION TECHNOLOGY

Robert N. Ames
Advanced Microbial Solutions, PO Box 519, Pilot Point, TX 76258 USA (bames@superbio.com)

INTRODUCTION

Nitrate contamination of ground and surface waters from agricultural sources is a serious
problem and significant efforts have been made to identify and control factors contributing to this
pollution (Power et al., 2001; Spalding et al., 2001; Dinnes et al., 2002). In the reviews by Power et al.
(2001) and Dinnes et al. (2002) acknowledgement was made of the role of soil microorganisms in N-
cycling, however; no information was presented on the potential for utilizing or enhancing
microbiological functions as a method to reduce nitrate leaching from the soil. Mulvaney et al. (2006)
showed that yield-based recommendations for N fertilization could lead to excessive amounts of N
applied to corn and that accounting for microbial immobilization and mineralization of N could lead to
a more efficient prediction of corn crop N requirements. The microbial decomposition of organic
matter, especially corn crop residue in the soil, can also help to stabilize N (Liang et al., 2007).
Microbial inoculants have been shown to increase the growth, yield and N content of field corn
(Adesemoye et al., 2008). To further evaluate the role of microbial inoculants on reducing N loss in
corn, Advanced Microbial Solutions (AMS) has begun a multi-year study using field lysimeters. Data
are presented from the first year’s field evaluations.

MATERIALS AND METHODS

A replicated corn study was conducted in field lysimeters by Arise Research & Discovery, Inc.,
Martinsville, IL in 2008. Each lysimeter treatment included 4 rows (replicates) of field corn (Tristler
T7N88CB) 18.3 m long. Row spacing was 76 cm with a seed rate of 74,130/ha. The soil type is a
Piasa silty clay loam (fine, smectitic, mesic Mollic Natraqualfs). Water was supplied by seasonal rain
only (average 96 cm, for 2008 rainfall was 147 cm). Water leaching down to 1.06 m under each row
was measured and captured in wells. The four treatments consisted of two N application rates (207 or
187 kgN/ha) with or without concentrated SoilBuilder (9.3 L/ha applied with UAN-28 as a sidedress at
planting). N application rates were adjusted at a second UAN-28 sidedress application 18 days after
planting to provide the full and 90% N rates indicated above. The volumes of leachate water and NOs-
N concentrations were determined six times during the season following pumping of the lysimeter
wells. Leachate volumes, NO3 concentration, total NOs-N leached, and yield data were statistically
analyzed using an ANOVA with mean separations at P<0.05 (Student-Newman-Keuls).

RESULTS AND DISCUSSION

By the third pumping, 30 days after planting, and continuing through the subsequent pumpings,
there were significant reductions in the amount of water and/or N retained in lysimeter wells in the
SoilBuilder treatments compared to the controls (Table 1). By the end of the season, SoilBuilder
significantly reduced the total amount of water and NO; leached to the lysimeter wells and
significantly increased grain yield. The 3" lysimeter pumping (12 d after the second sidedress UAN
application) showed a large increase in N leached in the controls but not in the SoilBuilder treatments.
This indicated a SoilBuilder enhancement of crop N uptake or increased N immobilization. Plant
health evaluations and photos (data not shown) indicated the SoilBuilder treatments were significantly
greener. The time period for the 3" and 4™ lysimeter water evaluations, where the largest effect of
SoilBuilder was shown, correspond to the developmental stage of corn where a rapid increase in root
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growth occurs (Mengel, 1995). Thus the timing of corn root development, increased plant health,
decreased N in leachates and increased yield all indicate that SoilBuilder treatment increased root
growth and N uptake. Increased root growth has been documented in several university studies with
SoilBuilder (AMS, unpublished) and with another AMS product, Ag Blend, which is SoilBuilder plus
additives (Burkett-Cadena et al., 2008). Based on the data from this study, SoilBuilder can help to
reduce water and N loss through field drainage tiles under corn crop production.

REFERENCES

Adesemoye, A.O, H.A. Torbert, and J.W. Kloepper. 2008. Enhanced plant nutrient use efficiency
with PGPR and AMF in an integrated nutrient management system. Can. J. Microbiol. 54:876

886.

Burkett-Cadena, M., N. Kokalis-Burelle, K.S. Lawrence, E. van Santen, and J.W. Kloepper. 2008.

suppressiveness of root-knot nematodes mediated by rhizobacteria. Biological Control 47:55-59.

Dinnes, D.L., D.L. Karlen, D.B. Jaynes, T.C. Kaspar, J.L. Hatfield, T.S. Colvin, and C.A.
Cambardella. 2002. Nitrogen management strategies to reduce nitrate leaching in tile-drained
midwestern soils. Agron. J. 94:153-171.

Liang, C., X. Zhang, K.F. Rubert IV, and T.C. Balser. 2007. Effect of plant materials on microbial

transformation of amino sugars in three soil microcosms. Biol. Fertil. Soils 43:631-639.
Mengel, D. 1995. Roots, growth and nutrient uptake. Dept. of Agronomy, Purdue University.

Pub. #AGRY-85-08 (Rev. May, 1995) http://www.agry.purdue.edu/ext/pubs/agry-95-08.pdf.
Power, J.F., R.Wiese, and D. Flowerday. 2001. Managing farming systems for nitrate control: A

research review from management systems evaluation areas. J. Environ. Qual. 30:1866-1880.
Spalding, R.F., D.G. Watts, J.S. Schepers, M.E. Burbach, M.E. Exner, R.J. Poreda, and G.E. Martin.

2001. Controlling nitrate leaching in irrigated agriculture. J. Environ. Qual. 30:1184-1194.

Table 1. Yield, water and nitrogen leaching from corn in a field lysimeter trial with SoilBuilder.

Treatment

Parameter (?r((j)g/vtrfh Standard N (207 kg/ha) Reduced N (187 kg/ha) | LSD g5
Control SoilBuilder Control SoilBuilder

Lys. volume (L) planting 870 a° 870 a 870 a 870 a 0
Lys. volume (L) V-2 /15 870 a 816 b 870 a 771c 19.97
Lys. volume (L) V-6 /30 834 a 752 b 814 a 741 b 46.81
Lys. volume (L) V-10/45 750 a 654 bc 696 ab 606 c 86.69
Lys. volume (L) R-1/76 658 a 230 b 633 a 234 b 78.85
Lys. volume (L) R-2 /107 224 a 224 a 284 a 198 a 115.3
Ttl vol leached (L) - 4207 a 3547 b 4168 a 3420 b 165.1
NOj3 conc. (mg/L) planting 9.8a 9.5a 9.8a 9.8a 2.33
NOj3 conc. (mg/L) V-2 /15 12.0a 10.0a 9.3a 9.3a 2.51
NO3 conc. (mg/L) V-6 /30 16.8 a 9.8b 17.0a 11.3b 2.53
NO; conc. (mg/L) | V-10/45 13.0a 6.5b 11.0a 75b 2.44
NO;3 conc. (mg/L) R-1/76 10.3a 7.3b 11.0a 70b 2.78
NOj3 conc. (mg/L) R-2 /107 10.3a 6.0 b 8.8 a 50b 1.77
Total N lost (kg/ha) - 80.6 a 549 c 74.8b 55.8¢ 9.78
Yield (kg/ha) 123 dap 9431 b 9996 a 9337 b 10074 a 307

'dap = days after planting.
2\alues within rows not sharing the same letter are significantly different @ P <0.05.
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IMPROVING RESOURCE USE EFFICIENCY OF FORAGE PRODUCTION
SYSTEM BY INTERCROPPING SYSTEMS

S.V. Angadi'’, S. Begna®, M. Marsalis', A. Cole?, P.H. Gowda?, L. Lauriault' and R. Hagevoort*

'Agricultural Science Center, New Mexico State University, Clovis and Tucumcari, NM and
“Conservation and Production Research Laboratory, USDA-ARS, Bushland, TX “angadis@nmsu.edu

INTRODUCTION

Sustainability of agriculture is a major concern in the Southern High Plains, where demand for
good quality forages by the large dairy industry and declining water resources are threatening the
future of irrigated crop production. The lower water use of forage sorghum (Sorghum bicolor (L.)
Moench) compared to corn (Zea mays L.), makes it a better alternative for the region. Typically
sorghum is grown at row spacing wider than 75 cm, in which the inter-row space is not occupied by
the crop for the major part of vegetative growth. Research has also indicated that biomass productivity
increases with mixing of diverse species (Szumigalski and VanAcker, 2006).

Intercropping is a system of growing two diverse species of crops on a piece of land at the same
time with the assumption that they improve the use of both above ground and below ground resources
more efficiently compared to growing them separately (Zhang and Li, 2003). Component crops in an
intercropping system can also compliment each other (Hauggard-Nielsen and Jensen, 2005), which can
also contribute to increased productivity per unit area. Inability to harvest intercropping systems for
grain production by mechanical means is limiting intercropping systems to developing countries.
However, in a forage production system both crops can be harvested together for silage.

Selection of a crop for intercropping systems depends on the goals for developing the system.
For forage production systems in the region, crops that improve biomass production, resource use
efficiency, forage quality, and fit well in the rotation system are suitable. Legumes are a group of crops
that are rich in proteins, have wide adaptability, and possess the unique ability to fix atmospheric
nitrogen. They have been recognized for their role in supplying nitrogen to the ecosystem and also
improve phosphorous solubility.

Competition in an intercropping system can be for sunlight, nutrients and water. A legume crop
that can tolerate lower light intensity or that can climb on the main sorghum crop to receive its share of
radiation will be of great benefit. The objective of this field study was to understand radiation use
pattern and radiation use efficiency of legume based intercropping systems compared to a monocrop of
forage sorghum.

MATERIALS AND METHODS

A field trial was conducted at the New Mexico State University Agricultural Science Center at
Clovis, NM during summer of 2008. Fertilizer was applied based on soil test results for forage
sorghum. A two row plot planter with seed cones for each row was used to plant forage sorghum (cv.
FS-5) at 75 cm row spacing and 3 cm deep. Legumes [Lablab vulgaris Savi cv. Rongai and Pole bean
(Phaseolus vulgaris) cv. Genuine cornfield], were planted halfway between sorghum rows. Forage
sorghums were planted at the recommended population density of 250,000 plants ha™, while legumes
were planted at 150,000 plants ha™. A surface drip irrigation system with water meters for regulating
amount of water applied was used to maintain crops relatively water stress free condition.
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Biomass accumulation patterns of all crops were observed by harvesting 0.5 m of row length of
both main and intercrops every 7-10 days. Sensors were installed to continuously monitor the
microclimate parameters of wind, solar radiation, soil and air temperature. Leaf area index and
interception of solar radiation was observed with Sunscan equipment. Periodic photosynthesis of crops
in both systems was recorded using a photosynthesis unit (Li 6400, LiCor Inc).

RESULTS AND DISCUSSION

Intercropping systems developed leaf area faster and intercepted solar radiation more in the
beginning of the season when it needed to use greater proportion of radiation (Fig. 1a). The advantage
gradually decreased and by 60 days after planting there was no difference. Legume contribution to
total biomass gradually decreased. At the termination of the trial, intercropping increased total biomass
production by 15% (Fig. 1b). Net photosynthesis by legumes gradually decreased (data not presented),
suggesting shading and/or competition for resources that reduced legume productivity. Lablab was
more indeterminate and had longer duration compared to pole bean used, suggesting it may be better
suited for the intercropping systems. A series of trials are being conducted to identify suitable legume
crops, planting patterns and understanding of resource use patterns. Results may help in designing
intercropping systems that increase resource use efficiencies and forage productivity.
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Figure 1. Seasonal radiation interception pattern of forage sorghum and legume intercropping systems in comparison to
sole forage sorghum (a) and biomass production by sole and intercropped forage sorghum at the end of the trial (b) at
Clovis, NM during 2008. Vertical bars are standard error of means.
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ECONOMIC RISK ANALYSIS OF EXPERIMENTAL CROPPING SYSTEMS
USING THE SMART RISK TOOL

J.C. Ascough 11', E.M. Fathelrahman?, B.C. Vandenberg®, D.L. Hoag? L.R. Ahuja*

1 USDA-ARS-NPA, ASRU, Fort Collins, CO 80526 USA E-mail: jim.ascough@ars.usda.gov
2 Dept. Agric. and Resource Econ., Colorado State University, Fort Collins, CO 80523 USA

INTRODUCTION

This study uses the SMART (Screening and Multivariate Analysis for Risk and Tradeoffs)
web-based software tool to analyze conventional and conservation tillage systems using 14 years
(1990-2003) of economic budget data collected from 36 plots at the lowa State University
Northeast Research Station near Nashua, lowa, USA. Specifically, stochastic efficiency with
respect to a function (SERF) methodology is implemented and utilized within SMART to
stochastically evaluate which of three different tillage system alternatives (chisel plow, no-till, and
ridge till) on continuous corn and corn-soybean rotation cropping systems maximize economic
profitability (net return) for corn across a range of risk aversion preferences.

MATERIALS AND METHODS

Data for our study were obtained from 36, 0.4-ha plots located at the lowa State University
Northeast Research Station near Nashua, lowa (43.0°N, 92.5°W), USA. Various experimental
phases using different tillage treatments and cropping systems (continuous corn and both phases of
a corn-soybean rotation) were conducted from 1978-2003. Economic budgets for 1990-2003 were
developed as part of the web-based USDA Natural Resources Conservation Service (NRCS) —
EconDoc exchange tool. The economic budget approach was used to summarize per unit (hectare)
revenue and net return (revenue — total costs), resulting in 504 plot-years (36 plots x 14 years) of
enterprise budget data. The net return data were discounted to reflect the net present values.

The SERF method orders a set of risky alternatives in terms of certainty equivalents (CE)
calculated for specified ranges of risk attitudes (Hardaker et al. 2004). A CE is equal to the amount
of certain payoff an individual would require to be indifferent between that payoff and a risky
investment. SERF calculates CE values over a range of absolute risk aversion coefficients
(ARAC:S), representing a decision maker’s degree of risk aversion. Decision makers are risk averse
if ARAC > 0, risk neutral if ARAC =0, and risk preferring if ARAC < 0. The ARAC values used
in this analysis were positive (since farmers are rarely risk preferring), and ranged from 0.0 (risk
neutral) to 0.004 (strongly risk averse). The SERF model utilizing different functions (e.g., power,
negative exponential) was programmed in the C# programming language and calculations verified
against examples presented in the Simetar® 2006 User Manual (Richardson et al., 2006).

The SMART web-based tool is divided into six sections: Introduction, Input, Multivariate
Monte Carlo Simulation, SERF, Stop Light, and Tradeoff. The Introduction section provides
information on how to set up Internet browsing tools to use SMART, an overview of SMART, and
general help for the section. The Input section facilitates data input into a flexible and customized
spreadsheet tool. Data may be entered manually or loaded from an Excel 2003-compatible
spreadsheet. Both economic and environmental information (required for tradeoff purposes) can be
input, and a detailed statistical analysis can be performed on the input data. SMART has the ability
to generate multivariate empirical distributions (MVES) (up to 5,000 Monte Carlo iterations) for
each input variable. An MVE distribution simulates random values from a frequency distribution
made up of actual historical data and has been shown to appropriately correlate random variables
based on their historical correlation (Richardson et al., 2006). Inthe SMART SERF section, the
minimum and maximum ARAC and initial wealth for each input variable are required as inputs to
the SERF simulation. The user also must select the type of utility function used for the SERF
calculations and the number of CE values calculated (in order to define the CE curve across a range
of risk preference). In addition to the above sections, SMART also contains “probability of target
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value” or Stop Light and Tradeoff Analysis sections, however, these are not discussed due to space
limitations.

RESULTS AND DISCUSSION

The SMART economic analysis for the Nashua tillage system alternatives is presented in
Figure 1, and shows that the no-till and chisel plow tillage systems had the highest mean net return
for corn, while the ridge till and no-till plow tillage systems had the lowest standard deviation.
There was no tillage system alternative that had the largest mean and smallest standard deviation.
The no-till system had the largest mean net return, but also had a much higher standard deviation
and CV than the ridge till tillage system. Figure 2 shows the net return CE results for all ARAC’s
for the tillage system alternatives under corn. The results show that the rankings do not change as
risk aversion increases and that the no-till tillage system is preferred across the entire range of risk
aversion. For a risk neutral decision maker, the overall difference in the net return of the tillage
system alternatives is ~ $60/ha. This indicates a risk neutral farmer in ridge till will need to receive
~ $60/ha to be indifferent between the no-till tillage system (highest ranked) and the ridge till
system (lowest ranked), and approximately $15/ha for the chisel plow and ridge till systems
(ranked second and third, respectively). The difference in net return between the tillage system
alternatives decreases slightly as the risk aversion increases (Figure 2).

Commonly advocated risk methods (e.g., mean-variance or stochastic dominance analysis)
typically lack a systematic way to accommodate risk aversion. The SERF method of tillage system
assessment by CEs demonstrated here helps to overcome these limitations. However, a SERF
approach for ranking tillage system alternatives based solely upon economics may not tell the
whole story. Furthermore, a focus on economic outcomes such as net return alone when ranking
tillage systems may also be misleading, since environmental or other externalities may render
certain systems unsustainable in the long run. It should be emphasized that this analysis has not
taken into account differences in externalities for tillage system alternatives, and it would be
possible to extend this study by valuing and including any externalities. The SMART web-based
tool may be accessed at http://arsagsoftware.ars.usda.gov/smart/.
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INTRODUCTION

The specific objectives of this study were to: 1) implement hydrological modeling
components under the Object Modeling System (OMS), 2) assemble a new prototype watershed
scale model for fully distributed transfer of water between land units and stream channels, and 3)
evaluate the accuracy and applicability of the modular watershed prototype model for estimating
stream flow. The watershed selected for application of the prototype watershed model was the
Cedar Creek watershed (CCW) in northeastern Indiana, USA. The prototype model was applied
without calibration, thus eliminating any ambiguities pertaining to the use of different optimized
model parameter values. The study is unique in that it represents the first attempt to develop and
apply a complex natural resource system model using the OMS.

OBJECT MODELING SYSTEM (OMYS)

The Object Modeling System (OMS) is a comprehensive modeling framework that helps
streamline the development of integrated natural resource system models for current and future
model delivery (David et al. 2002) using a component-oriented modeling approach. OMS is
implemented in the Java programming language on top on the NetBeans application platform.
OMS modeling components can be characterized as system and scientific components. System
tools such as a Component Builder and Model Builder support model development where various
scientific components can be assembled into a complex model. The model can then be executed
using the OMS Runtime Environment. Modular frameworks for model development like OMS are
well-suited for studies such as this requiring complex simulation component technology integrated
into a common, collaborative, and flexible system.

OMS-BASED CEAP PROTOTYPE WATERSHED MODEL

The J2K modeling system (Krause et al., 2006) was used for the simulation of the
hydrological dynamics of the Cedar Creek Watershed in Indiana. J2K is a modular, spatially
distributed hydrological system which implements hydrological processes as encapsulated process
components. J2K operates at various temporal and spatial aggregation levels throughout the
watershed. For example, runoff is generated at the Hydrologic Response Unit (HRU) level with
subsequent calculation of runoff concentration processes (through a lateral routing scheme) and
flood routing in the channel network. HRUSs for the CCW were delineated by GIS overlay
techniques using spatial data layers (e.g., elevation, slope, aspect, land use, soil type, and
hydrogeology), thus creating a topologically connected pattern of single land units with similar data
features. The J2K model had previously been implemented only in the JAMS (Jena Adaptable
Modelling System) modular modeling framework (Kralisch and Krause, 2006). Therefore, the
following J2K modeling resources were transferred to the OMS framework: 1) 40+ J2K Java
scientific source components for watershed scale hydrological processes including overland flow,
infiltration, ET, soil water movement, groundwater storage, and flood routing; and 2) ASCII data
input files for hydrogeology, soils, land use, HRU routing, and channel reach routing that are
referenced from the J2K model XML (Extensible Markup Language) input file.
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RESULTS AND DISCUSSION

Two input parameter sets were developed for OMS-J2K evaluation: 1) a “base parameter set”
with parameter values taken from previous simulation studies where J2K was applied to watersheds
with characteristics similar to the CCW; and 2) an “adjusted parameter set” with modifications to
input parameters related to ET, soil water storage, and soil water lateral flow. Table 1 shows model
performance for daily, monthly, and annual stream flow response using both parameter sets and the
following model evaluation statistics: Nash-Sutcliffe model efficiency (Ens), coefficient of
determination (R?), Root Mean Square Error (RMSE), and percent bias (PBIAS). Comparisons of
daily, average monthly, and annual average simulated and observed flows for the 1997-2005
simulation period using the base parameter set resulted in evaluation coefficients ranging from 16
to 20% for PBIAS, 1.98 to 8.23 m® s for RMSE, and 0.47 to 0.55 for Ens. All statistical
evaluation coefficients for daily, average monthly, and average annual stream flow improved
substantially for the adjusted parameter set (e.g., PBIAS, RMSE, and Eys coefficients ranged from
9 to 10% for PBIAS, 1.02 to 6.06 m® s for RMSE, and 0.62 to 0.65 for Eys). The range of relative
error (e.g., PBIAS) and Ens values for uncalibrated stream flow predictions in this study were
similar (base parameter set) or better (adjusted parameter set) than others reported in the literature.
The study is unique in that it represents the first attempt to develop and apply a complex natural
resource system model under the OMS. In addition, this study represents the first time that J2K
hydrological process components have been evaluated on a watershed in the United States. The
results show that the prototype OMS-J2K watershed model was able to reproduce the hydrological
dynamics of the Cedar Creek Watershed with sufficient quality, and should serve as a foundation
on which to build a more comprehensive model to better assess water quantity and quality at the
watershed scale.
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Table 1. Statistical evaluation for OMS-J2K simulated daily, average monthly, and average annual
Cedar Creek Watershed stream flow (January, 1997 to December, 2005).

OMS-J2K statistical evaluation — base OMS-J2K statistical evaluation — adjusted

parameter set parameter set
Evaluation  pgjjy Average Average Daily Average Average
coefficient monthly annual monthly annual
Ens 0.47 0.53 0.55 0.62 0.64 0.65
R? 0.51 0.53 0.54 0.61 0.63 0.64
RMSE 8.23 4.01 1.98 6.06 2.77 1.02
PBIAS 20.21 16.49 15.67 10.17 10.13 9.40

Note: Ens = Nash-Sutcliffe efficiency; R? = coefficient of determination; RMSE = root mean
square error (m*s™%); PBIAS = bias or relative error (%).
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DEVELOPMENT OF DECISION SUPPORT SYSTEM FOR SUSTAINABLE
AGRICULTURAL PLANNING IN UPLAND AND RAINFED AREAS

Orlando F. Balderama.
Professor, Department of Agricultural Engineering, Isabela State University,
Echague, Isabela: orly_isu@yahoo.com, ofbalderama@gmail.com

INTRODUCTION

An integrated computer program called Cropping System and Water Management Model
(CSWM) with a three-step feature (i.e. expert system-simulation-optimization) was developed to
address a range of questions for rainfed and dryland agriculture. The system was used to design
more sustainable production systems in the rainfed areas through the use of water harvesting
system called small farm water reservoir for increase production and resource conservation and
management.

MATERIAL AND METHODS

The model was applied using crop, soil, and climate and water resource data from the
Philippines. Primarily, four sets of data representing the different rainfall classification of the
country were collected, analyzed, and used as input in the model. Simulations were also done on
date of planting, probabilities of wet and dry period and with various capacities of the water
reservoir used for supplemental irrigation. Optimization techniques were used to determine the
best crop combination and area allocation.

To evaluate the effects of planting dates on irrigation water requirements, area coverage
and income, specific data inputs were the following: 1) 30 years of rainfall data; 2) Reservoir
volume is 1,800 cu. meters; 3) Crop Pattern is rice — vegetable — legume; 4) Service area is 1.6
hectares. In practice, non-rice crops could be grown after the rice season beginning October. To
supplement the little rainfall expected in the second crop season, irrigation water is sourced-out
from the small farm reservoir located on-farm. Simulation of this scheme was done on two
planting dates — October 1 and 20. Result on irrigation water requirement, percent of crop area
covered and income were determined and analyzed.

RESULTS AND DISCUSSION

As expected, Oct. 20 planting requires higher amount of water for irrigation. Garlic being a
long season crop has the highest water use on the list registering 160mm and 100mm of irrigation
water requirement for October 20 and October 1 planting dates, respectively. Obtaining best
income by optimizing area allocation of crops is of special interest to farmers since normally
reservoir water is not enough to support the whole farming area during the dry season. The model
output indicated that only the legume vegetable crops due to their short duration characteristics
can be planted in the whole area for October 1-20 planting dates. For garlic and tomato, only
75% and 65% of the area respectively can be utilized if the planting date falls on October 20.
Garlic however, is the most interesting crop in terms of income due to its high and stable market
value. Income would be highest for October 1 planting at 4,000 USD level as compared to 2,500
USD when the crop is planted on October 20.

Likewise, the model was applied for agricultural planning. Parameter for planning was
based on rainfall patterns under Corona’s four climatic classifications in the Philippines i.e.
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Types | to V. The information was considered the major factor for rainfed agriculture planning
in this study. Type I climate is unimodal in nature with most of the rain comes in May to October.
Only one rice crop can be grown during the season from June to September. If a farmer owns an
on-farm reservoir with the capacity of 1000 cu. meter for every hectare (which is the average
capacity), a second non-rice crop could be grown using water from the reservoir. Type Il climate
is characterized by wet periods throughout the year. Areas covered by this type of climate
environment are located mostly in the eastern part of the country facing the Pacific ocean. The
model indicated that a rice crop can be grown without irrigation from July to February, but only
short duration non-rice crops like soybean and mungbean can be grown as a third crop for short
period. The recommended cropping pattern was limited to rice-rice-soybean and rice-rice-
mungbean. Type 111 climate is similar to Type I, with a less pronounced dry period. Available rice
growing period is shorter, from July until October. Likewise, this type of pattern needs
supplemental irrigation for a second, non-rice crop to grow. Areas under Type IV climate are
mostly located in the southern provinces of the country where there is an even distribution of rain
throughout the year. Simulation result suggests that rice cannot be grown in this area without
supplemental irrigation but any non-rice crops are feasible throughout the year without irrigation.

Evaluation of seasonal climate impacts on crop production was also done using the model.
In this study, the dependable rainfall rain approach was used as index for climate change due to
its good advantage for irrigation planning application and its relative ease to use in terms of data
requirement and calculation procedures. For this purpose, the same 30-year set of rainfall data
from Central Luzon was chosen for analysis and input in the model. Under Corona’s
classification, this set of data falls under the Type | climate. It is also in this area where farmers
are using small farm reservoir for irrigation. The first simulation run was done with the
following data inputs: a) actual reservoir volume of 1,800 cu. meters, b) a service area of 1.6
hectares and; c) rainfall probabilities of 20%, 50% and 80%. The second run was done to
establish a relationship between reservoir volume and rain probabilities and their effect to income,
crop intensity and irrigation requirement for a 1 hectare of farmland. An important result from the
simulations and sensitivity analysis are: 1) The garlic-peanut combination is the highest consumer
of water at around 400 mm irrigation requirement during a dry year; 2) At different levels of
drought, the income derived from the top five crop combination does not vary significantly and;
3) If wet year is expected and planting commence on October 1, optimum yield and cropping
intensity will be realized provided that a minimum of 2000 cu meters of reservoir water is
available for supplemental irrigation.

Through the analysis, useful information was obtained to determine cropping schedule and
pattern appropriate to the specific climate conditions. In addition, optimization of the use of the
land and water resources can be achieved in areas partly irrigated by small reservoirs.

REFERENCES

Guerra, L.C.; Watson, P.G.; S.I. Bhuiyan. 1990. Hydrological Analysis of Farm Reservoirs in
Rainfed Areas. Agricultural Water Management. 17: 356-366

Irrigation Engineering Manual for Diversified Cropping. 1991. National Irrigation System-Japan
International Cooperation Agency. Quezon City, Philippines

Manual on Small Farm Reservoir. 1996. Book Series No. 137. Department of Science and
Technology, Philippines

-22-



Farming Systems Design 2009, Monterey, California, USA fg
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INTRODUCTION

Intensification of European agriculture inducedrphdecline of biodiversity, common bird populations
being particularly affected. This erosion of bigghisity is mainly due to decrease in habitat quadihd
homogenisation of agro-landscapes (Benton et @32 Heterogeneity, defined as the spatial conditjon of a
habitat mosaic, determines the carrying capacitgdéweral species using different habitats. Ieisegated by the
spatial and temporal distribution of managemenensity. In the FarmBird project, we develop an
interdisciplinary modelling framework to analyze ethcoviability between agricultural production and
biodiversity conservation in heterogeneous agrddaapes. This framework links different scaleddfiéarm,
landscape) and combines ecological, agronomic aadoenic knowledge We present the first framework
developed for a grassland farm in which grazing emmaving influence bird population dynamics in tlad
term. Several studies have demonstrated that scameng or mowing regimes can create suitable ggaasture
for birds. They also showed that these managenegithes directly impact bird life traits due to nast chick
destruction. To date, no study has examined th goid interacting effects of grazing and mowingimes on
bird populations. The farm scale is the first legewhich both management regimes interact. Ihéefore a
relevant scale, to analyse the trade-off betweeicwdtyral production and biodiversity conservatiordifferent
livestock farming systems differing in their ovéiatensity.

DESCRIPTION OF MODEL

The dynamic model is a spatially implicit extensiohthat proposed by Tichit et al. (2007) for an
homogeneous grassland. It considers a grasslamd ¥anich combines three management regimes: (i)
“ecological grazing” providing a suitable habitat birds (ii) “productive grazing” maximising theatvest and
(i) mowing for cattle winter feeding. These mapatent regimes produce the feeding resources fddisgc
cattle and they also induce the level of habitadlit for two ground nesting bird species: lapwirgsd
redshanks. The model comprises two interactivensathels describing the dynamics of (1) three grasistelds
controlled through grazing or mowing and (2) thedhpopulations. Grass dynamics and management esgim
influence either indirectly or directly bird lifedits. Grazing intensity and mowing periods havedaiimpact on
bird fecundity. Both management regimes determigehabitat quality i.e. grass height, which is aaten
factor of chicks’ survival. Another important feeduof the model is that different strategies ofibinovement
are formalized between the three grassland fidlds feature makes it possible to account for apaich of the
proportion of the three management regimes ongdmpllation dynamics at farm scale.

The mathematical framework of viable control the¢WCT) (De Lara and Doyen, 2008) is used to
analyse long-term grassland dynamics. The VCT deisiisthe control of uncertain dynamic systems ursiate
and control constraints. It first requires the iifesation of a set of constraints that represehes"good health”
of a system: here ecological and production coimtraEcological constraints are defined by spéuifyat key
periods of bird life cycle, minimal and maximal gseheights as well as maximal stocking densitiegdah bird
species. Production constraints include consideraton livestock feeding requirements. The viabitif the
grassland farm is related to the maintenance cfetloenditions at all times, including both presamd future.
We use VCT to determine the viable proportion ofhagement regimes at farm scale as well as theeviabl
grazing strategies (i.e. timing and intensity). Boy given amount of “ecological grazing”, the mloctemputes
the viable proportions of mowing and productivezing i.e. those maximising the harvest of dry matte
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A

RESULTS AND DISCUSSION

Figure la shows the trade-off between productiath @nservation in extensive and intensive farms.
Each point of the trade-off curve stands for a geasl farm composed with different amount of thee¢h
management regimes. For the same amount of ecalqeasture, the quantity of harvested biomass \vesya
slightly higher in intensive farms (up to 5%) butdbpopulations were smaller after ten years. Ideorto
maintain bird populations in intensive farms, itsthus necessary to allocate a larger proportidarailand to
“ecological grazing”. For instance, 30% of “ecoloai grazing” were enough to maintain bird populadion
extensive farms which was not the case for intenfavms (Fig. 1b). The coviable proportions of ngemaent
regimes ensuring bird population maintenance whigimising the harvest of dry matter were 25%, 58%8/6
(respectively for “ecological grazing”, “productivgrazing” and mowing) in extensive farms whereasyth
reached 35%, 40%, 35% in intensive farms (resudtsshown). Interestingly, for such viable propamso the
biomass harvest was higher in extensive farms {Bigdotted lines). This was due to the lower proporof
ecological grazing and the higher proportion ofdquetive grazing. Consequently, extensive farmsaadyher
grassland self sufficiency than intensive ones.

Our model enables to compute the proportion of mament regimes and their intensity leading to the
production/conservation coviability in a grasslaiadm. It underlines the need to consider the oVdeam
intensity when determining such coviable strategiesther research in the FarmBird project willend this
approach to arable farming systems as well asnistzape scales. Future models will take into adcpuhblic
policies as drivers of farmers’ land use decisiddgch models will be used as support for the desigmh
evaluation of policies aimed at supporting theuwtifbn of biodiversity friendly farming systems.
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INTRODUCTION

There is a wide consensus at policy level that agricultural performance should be evaluated with
the triple-bottom-line approach that recognizes economic, environmental and social aspects of
sustainability. However, the assessment of sustainability at the farm level is far from well-established.
The assessment of sustainability in agriculture needs a multidisciplinary approach. Few assessment
tools exist that can span the ‘triple bottom line’ of sustainability (Halberg et al., 2005; von Wirén-Lehr,
2001). Our objective was to develop indicators for the three aspects to assess dairy farm sustainability
in a complete diagnosis tool at the farm-level.

MATERIALS AND METHODS

Several authors have proposed frameworks for the assessment of sustainability in agriculture
including the development of indicators or attributes (Meul et al., 2008; Mitchell et al., 1995). The
framework for the selection of indicators in this project consisted of five steps: (1) define the concept
of dairying sustainability at the farm-level, (2) identify goals and principles to achieve in the
assessment, (3) select components for each aspect of sustainability, (4) select indicators for each
component and (5) establish threshold values to compare indicators results.

Indicators were developed using a Delphi technique approach that involves a series of
consecutive steps using a bottom-up approach. First, a panel of 25 experts (farmers, stakeholders,
researchers) was asked to list all the possible indicators that could be measured to evaluate each aspect
of farm sustainability. The potential indicators were compiled and submitted to the same 25 experts
who rated them according to their relevance and easiness of on-farm acquisition. This first step does
not require face to face meetings of the participants, protecting their anonymity (Delbecq, 1975) and
limiting travel costs.

Second, the top-rated indicators were brought for discussion in a focus group (12 of the 25
experts) to determine : (1) which indicators should be kept, (2) each indicator threshold or target values
for farms to be considered sustainable and (3) their relative weight on a scale of 100 points. This
recommended participatory process (King et al., 2000) enables the discussion between experts in their
goal to develop the indicators (Krueger, 1988).

RESULTS AND DISCUSSION

These processes produced three sets of indicators for assessing sustainability, one containing 13
indicators for environmental measurements, a second one with eight indicators for technical-economic
assessment, and a third one with 20 indicators designed to measure social aspects (table 1). Once
determined, the indicators were tested to assess the sustainability of 40 farms, split between two
contrasting agricultural regions of the province of Quebec. This farm assessment is a test to know if
selected indicators answered critical characteristics of indicators who are: easy to implement,
comprehensible immediately, sensitive to variations, reproducible, adapted to the objectives, relevant
for the user, able to reflect the field reality (von Wirén-Lehr, 2001). This is not use as a validation of
the tool.
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At the end of the assessment, each producer received his farm sustainability score and a radar
diagram illustrated his global score. With this type of diagram we can easily identify the strengths and
weaknesses of the farm. The assessment tool will be used to measure the evolution of farm
sustainability due to modifications in agricultural practices induced by the farmers. An innovative
aspect of this research is the methodological approach used to obtain the best results by the end-users
and the appropriate choice of indicators enabled to reflect agricultural realities at the farm-level.

REFERENCES
Delbecq, A.L. 1975. Group techniques for program planning: a guide to nominal group and delphi processes.
Scott, Foreman and Compagny ed., Illinois.

Halberg, N., G. Verschuur, and G. Goodlass. 2005. Farm level environmental indicators; are they useful?: An
overview of green accounting systems for European farms. Agriculture, Ecosystems & Environment

105:195-212.

King, C., J. Gunton, D. Freebairn, J. Coutts, and I. Webb. 2000. The sustainability indicator industry: where to
from here? A focus group study to explore the potential of farmer participation in the development of
indicators. Australian Journal of Experimental Agriculture 40:631-642.

Krueger, R.A. 1988. FOCUS GROUPS A practical Guide for Applied Research SAGE publications, California.

Meul, M., S. Van Passel, F. Nevens, J. Dessein, E. Rogge, A. Mulier, and A. Van Hauwermeiren. 2008.
MOTIFS: a monitoring tool for integrated farm sustainability. Agronomy for Sustainable Development

28:321-332.

Mitchell, G., A. May, and A. McDonald. 1995. PICABUE: a Methodological Framework for the Development
of Indicators of Sustainable Development. International Journal of Sustainable Development and World

Ecology 2:104-123.

von Wirén-Lehr, S. 2001. Sustainability in agriculture -- an evaluation of principal goal-oriented concepts to
close the gap between theory and practice. Agriculture, Ecosystems & Environment 84:115-129.

e

Table 1 Components and indicators in each sustainability aspect
Aspects Components Indicators
Environmental sustainability Soil quality Organic matter content, Phosphorus saturation

Cropping practices

Perennial forage crops, Soil tillage practices, Green
manure, Crop rotations, Integrated pest management

Fertilization Manure storage structure, Manure management, Nitrogen
management balance, Phosphorus balance
Farm land Watercourse protection, Land drainage, Windbreaks, Field
management slope, On-farm woodlot

Economic sustainability Technical Milk yield, Milk from forage
Management

Social sustainability

Economic viability
Expense control
Labor efficiency
Self-sufficiency
Quality of life

Social integration

Farm succession

Entrepreneurship

Security margin, Debt per hL.

Operational expense/income, Machinery expenses per hLL
Milk per worker

Forage self-sufficiency

Work and workload, Holidays, Satisfaction, Social support,
Health and stress, Social and professional relationships
Contribution in local services, Agricultural neighborhood,
Quality of non-agricultural relationships, Social
contribution, Regional presence of agriculture

Continuity value, Presence of farm succession, Preparation
for retirement, Farm succession integration

Formation, Use of advisory services, Vision, Human
resources management, Entrepreneurial abilities
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Crop diversity indicators: literature review and applications at farm level

Geniaux G., Bellon S., Fleury J., Ollivier G.
INRA UR 767 Site Agroparc 84914 Avignon Cedex 9, France geniaux@avignon.inra.fr

INTRODUCTION

The effects of intensification and specialisation at farm and regional levels are often mentioned as
leading to standardize both landscapes and agricultural practices, with subsequent losses in terms of
biodiversity. Crop diversity is increasingly considered as a component of the sustainability of
agroecosystems (Moonen and Barberi, 2008). Enhancing crop diversity would contribute to regulate
pest populations, to reduce farmers’ reliance on external chemical inputs, to foster risk aversion
strategies, etc. Various methods appear in literature to assess crop diversity and its determinants.
Indicators would provide an option to take into account the various dimensions included in
biodiversity conservation. In this paper, we review selected references and test candidate indicators
on a data set at farmland level for a whole region.

MATERIALS AND METHODS

First, a bibliometric approach (based on CAB and WOS database) was used to identify articles and
reviews on crop diversity assessment, based on a set of queries®. 198 references were collated using
citation manager tools (CiteSpace and EndNote). A short list comprising of 42 references was then
selected through consensus building among the authors, representing various disciplines (agronomy,
ecology and social sciences) as suggested by Jackson et al. (2007). Major research fields related to
crop diversity were identified. A state of the art on crop diversity indicators was derived, according
to these major research fields. The Shannon index (H”) was elected, due to its multi-level coverage.
Second, using a unique GIS annual database on land use (25 to 50 cultural classes at plot level in 3
districts of Provence region —Nuts2- for 2000-2007), we estimated a set of crop diversity indices at
various scales (farm, municipality, district). Our GIS also includes databases on farm characteristics
(size, employment, and profit) and socio-economic data at communal level. Scale sensibility and
agricultural and socio-economic determinants of crop diversity were studied for year 2007.

RESULTS AND DISCUSSION

Use of crop diversity indicators

Based on our bibliometric approach, crop diversity indicators fall into three main categories. First,
they can be used as a component of broader agri-environmental assessments (Bockstaller, 1997),
with a view to elaborate aggregated indicators usually represented as amoeba-type diagrams. They
are mostly based on Shannon index or its adaptations, and can be tested on hypothetical
agroecosystems (Gliessman, 2007). A second approach consists in using indicators as revealing
different production patterns (e.g. organic versus conventional) or their relative intensity at various
temporal and spatial scales. In this situation, indicators used include: biotic indicators (Buchs,
2003), adaptive capability of crops to inter-annual variations (Chloupek, 2004), intensity index
(Herzog et al, 2006). In a third category of papers, indicators are intermediate variables which
contribute to focus agri-environmental schemes toward specific areas or farm types (Piorr, 2003),
based on the understanding of the determinants of farmers’ behaviour (Cutforth, 2001). Indeed
some authors cover a wide range of functions, whereas others give priority to the effect of crop
diversity on specific environmental compartments. Most of the papers deal with the effects of
agriculture on biodiversity, whereas studies of the effects of biodiversity on agriculture are scarce.

! For example, : TS=(agri* OR agro* OR "food product*" OR cultivated OR crop* OR intercrop* OR mono-culture OR tillage* OR plowing OR ploughing OR arable OR
cultivation* OR tillage* OR farm* OR dairy OR grassland* OR rangeland* OR pasture* OR meadow* OR pastoral* OR grazing system* OR grazier* OR fodder* OR
livestock* OR breed* OR herd* OR cattle* OR grower* OR gardening* OR grape* OR vine* OR "rural system*" OR agrar* OR horticult* OR arboricultur* OR "fruit
product*" OR orchard* OR agrobiolog* OR fallow OR "field margin*" OR "field boundar*" OR pesticide* OR herbicide* OR insecticide* OR fertili*)

AND TS=("bio diversity" OR biodiversity OR "biological diversity” OR "plant diversity" OR "vegetation* diversity" OR "weed diversity" OR "animal diversity" OR
"faunal diversity" OR "invertebrate diversity" OR "insect diversity" OR "microbial diversity" OR "bacterial diversity" OR "species diversity" OR "species richness")
ANDTI=(indicator* OR index* OR indice* OR indicateu* OR bioindic* OR bio-indic* OR "bio indic*") NOT TS=(fish* OR ocean* OR marine* OR sea$ OR genom*
OR lake* OR coastline* OR fresh water*)
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Measurements and scaling issues

Most of empirical works are data driven: crop diversity indexes often use national or county data on
crops (Harish 1998), sometimes coupled with socio-economic Census data (Jaskulki 2007), a scale
at which a simple richness index may be sufficient. However, spatial distribution of crop diversity
can lead to different results between local crop diversity and global measure of crop diversity; the
use of more complex composition index like Shannon or Simpson indexes does not solve this issue.
Sensibility to scale of diversity index based on land cover is a well documented field in ecology, but
needs to be adapted to farm crop data. Dinh Van (2003) proposed an analysis of crop diversity
measurement and its socio-economic determinants at farm level. We did not identify studies
focussing on the evolution of crop diversity at farm level for a region.

Contribution of case studies

Case studies have been engaged for a district where vector map of land registry is integrally
available (Vaucluse). A comparison between farm, municipality or district level has been
implemented for year 2007. Results are largely divergent between theses 3 scales. Shannon
diversity index at municipality (or district) level is unable to take into account the high number of
farms with only one crop. Crop diversity at municipality or district level depends on the spatial
distribution of farms with one or two crops, i.e. those having low crop diversity at farm scale.
Hence, a stratification based on farm size is necessary to have consistent results at both levels. An
index of dominance may be a useful complementary index. Spatial autocorrelation of these small
farms with only one crop could also help to assess potential differences between diversity index at
farm and at communal or regional level. Structural determinants (farm structure, type of main crop,
distance to Central Business District...) and spatial distribution of this diversity are introduced.

In a dynamic perspective, preliminary results for 2000-2007 period clearly show that cessation of
farming (and to a smaller extent, entry to farming) plays a major role on crop diversity, whereas
crop diversification at farm level has a minor effect, at least in our study area.
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INTRODUCTION

The design issue is explicitly raised in several proposals aiming at “ecologizing” horticulture. Due
to a recurrent use of pesticides, fruit production is at stake; albeit some approaches such as
Integrated Pest Management (IPM) and biological control contribute to fulfill the objectives of
integrated or organic fruit production (Lescourret and Sauphanor, 2008). What can be learned from
such production models in order to design orchards less dependent from external inputs to achieve
plant protection? We present the first results of a working group including agricultural scientists,
ecologists, extension workers and fruit producers. This group enables to share scattered knowledge
and skills into a co-design approach. This approach is consistent with frameworks issuing from
expert-based knowledge and system prototyping. However, such proposals have not been
implemented in fruit production: as perennial crops and multi-strata systems, orchards create
complex designs to be modulated for agronomic purposes.

MATERIALS AND METHODS

Based on transition pathways towards sustainable agriculture, a framework was derived from the
field of crop protection and extended to food systems (Hill, 1985). This framework discerns three
types of innovations: (i) increase the efficiency of practices in order to reduce the use of costly,
scarce and environmentally damaging inputs; (ii) substitute conventional inputs with alternative
practices and biological methods; (iii) redesign an agroecosystem so that it functions on the basis of
a wider set of ecological processes. It was used as a guide for orchards eco-design. The approach of
our working group was to (i) define the expected properties of a sustainable orchard, (ii) identify
and combine the bio-technical components of an ecologically-based orchard redesign, (iii) propose
relevant criteria to assess the performances of such orchards.

RESULTS AND DISCUSSION
Three targeted properties for such orchards are: self-sufficiency, through minimizing
external inputs and maximizing the use of natural resources; connectivity among vegetation layers
to enhance beneficials; adaptability and reversibility in management options. Components for
orchard redesign were identified, based on participants’ practical and methodological experience.
Currently, a few number of apple cultivars are commercially grown in the world and practically
all of them are highly susceptible to scab which is the most serious apple disease. Therefore the
main breeding programmes are focused on scab resistance. Monogenic sources of resistance,
specifically the Vf gene, were the most used by the breeders. However, the breakdown of Vf
resistance by at least three scab races emphasizes the importance to broaden the genetic diversity of
scab resistance including quantitative resistance. Very different selection pressures occurred in the
past that created a large diversity of apple cultivars. Many of these were grown formerly in
extensive high stem standard trees orchards and expressed too many unexploited quantitative traits.
Interesting traits were such as: high tolerance to most diseases, long natural maintenance ability,
low fertilizer requirements, diversity of tree architecture ...Rescue surveys pointed out that many
landraces are still present in old orchards or gardens and may be used either as cultivated varieties
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or as parent in breeding programmes (Lateur, 2003). Non-chemical sanitation practices against
apple scab have been first reasoned in the frame of the orchard eco-design: (i) the inoculum
reduction by leaf litter management in the previous autumn and/or the following early spring, (ii)
the respect and the use of antagonists suppressing conidial and ascospore productions, (iii) the
mixed apple cultivars orchards and (iv) sheep or birds breeding integrations. Besides, various
environmentally safe methods were discussed in order to reduce the amount of fungicides applied in
orchards including strategies involving spraying during the infection process (Jamar et al., 2008),
screenings of alternative control input and new adapted sprayers for treatment applications.

In the multiscale paradigm we define the tree itself is likely to be a first and key step to design.
Beginning with seminal research works developed on apple in the 1960’s at INRA France, a large
amount of studies have shown that tree architecture and fruiting behaviour are related in many ways
(Lauri et al., 2009). Indeed a low branching density is generally related to higher branch length
which is in turn positively related to higher regularity of fruiting. These features which vary greatly
among apple genotypes also indicated new training and pruning strategies. A high canopy porosity
obtained through precise pruning cuts (spur extinction) is proposed as a way to better control
branching density, return-bloom and fruit quality. Tree architecture management also impacts pest
and disease epidemics indicating innovative, albeit partial, ways to control bio-aggressors in the
orchard. We propose to focus on the following orchard traits and management to enhance
ecosystem functions: (i) decrease the spatial monotony (linear arrangements) of orchard systems
and increase boundary effects; (ii) emphasise a functional multi-strata design, i.e. through the
introduction of a missing bush layer; (iii) increase plant diversity within and outside the orchard;
(iv) pay specific attention to the soil organic status and to the role of scavengers at the basis of food-
webs.

Fruit production patterns enhancing orchards’ nutritional and environmental performances are
thus identified. A relationship appears between tree vigor — as determined by training and pruning
strategies — and fruit quality. Low-input fertilization practices entail higher concentrations in
secondary metabolites (Fauriel et al., 2007). Organic fruit production patterns are candidate for such
performances. However, their productivity is still too low for the current marketing standards.

Partnerships among actors involved in a redesign process enabled us to identify research topics:
relationships between training systems and pest and disease pressure; consistency between crop
protection efficiency and ecological value of orchards; relevant levels of organization (spatial and
temporal) to promote such orchards and their integration into sustainable food systems.
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INTRODUCTION

Long-term experiments can help develop leading indicators of sustainability and serve as an early
warning system to detect problems that threaten future productivity. A stable or increasing trend in
yield is necessary to call a system sustainable. The stability of yield is also an important
characteristic to be considered when judging the value of a cropping system relative to others. Crop
sequences represent a system approach in crop production research, enabling the available natural
resources to be preserved and more efficiently utilised (Karlen et al., 1994).

MATERIALS AND METHODS

In a long-term crop rotation experiment set up at Martonvasar (47° 21’ N, 18°49’ E), Hungary in
1961, the effects of seven crop sequences and five fertilisation treatments on the yields and yield
stability of maize (Zea mays L.) and wheat (Triticum aestivum L.) were studied. The soil of the
experimental area was a humous loam of the chernozem type with forest residues, slightly acidic in
the ploughed layer, with poor supplies of available phosphorus and good supplies of potassium. The
annual precipitation for the study period (1961-2000) averaged 539 mm. In the two-factorial split-
plot experiment the main plots consisted of seven crop sequences: maize monoculture, wheat
monoculture, 3 yrs alfalfa — 5 yrs maize (MA), 3 yrs alfalfa — 5 yrs wheat (WA), 2 yrs wheat — 2 yrs
maize (WM), 3 yrs alfalfa — 3 yrs maize — 2 yrs wheat (WAM) and Norfolk crop rotation (maize-
spring barley-peas-wheat) (NF). The proportions of maize and wheat were 25, 37.5, 50, 62.5 and
100% depending on the type of crop sequence. The subplots in the experiment represented five
different fertilisation treatments: A: control, without fertiliser; B: 60 t ha™ farmyard manure every 4
yrs + NPK; C: 5 t ha™' straw or 7 t ha maize stalks each year + NPK; D: NPK fertiliser equivalent
to that extracted by the crop; E: NPK for a yield of 15 t ha” maize and 10.5 t ha™ wheat. Stability
analysis on the experimental treatments was carried out using univariate (variance and regression
parameters) and multivariate [Additive Main Effect and Multiplicative Interaction (AMMI) model]
methods (Kang, 1995; Crossa, 1990).

RESULTS AND DISCUSSION

The yields of maize and wheat were lower in all cases in a monoculture than in crop rotation (Figs.
1-2). The extent of yield loss was greater in wheat than in maize. Reductions in maize yield in a
monoculture were chiefly recorded after a dry winter, particularly if the summer was also dry. The
reduction in wheat yield in a monoculture could be attributed mainly to pathogenic factors (take-all
of wheat, caused by Gaeumannomyces graminis var. tritici) stimulated by the weather (Berzsenyi et
al., 2000). The yield-increasing effect of crop rotation was inversely proportional to the ratio of
maize or wheat in the sequence and was greatest in the Norfolk rotation (0.904 t ha' for maize and
1.646 t ha™ for wheat), followed by the alfalfa — maize — wheat triculture (0.853 t ha™ for maize and
1.223 t ha™ for wheat), and the wheat — maize (0.490 t ha™' for maize and 0.732 t ha for wheat),
alfalfa — maize (0.376 tha™) and alfalfa — wheat (0.471 t ha™) rotations. Without fertilisation the
yield-increasing effect of rotation (t ha™) was significantly higher (for maize: 0.715 in MW, 1.254
in MA, 1.401 in WAM, 1.357 in NF; for wheat: 0.375 in WM, 0.446 in WA, 0.923 in WAM, 1.666
in NF). Maize is a good forecrop for wheat, and this is important since wheat and maize are the two
major crops in Hungarian crop production. Farmyard manure and the recycling of crop residues
(maize stalks, wheat straw) with NPK supplementation are efficient ways of fertilising maize and
wheat. Significantly higher yields were obtained at high levels of NPK fertilisation, especially in
rotations where the proportion of maize or wheat was 50% or higher. The yield-increasing effect of
crop sequences compared to the wheat monoculture was not affected by fertilisation. In maize crop
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sequences, however, fertilisation reduced the rotation effect by almost half. Further research will be

required to determine the biological explanation of this phenomenon.

Various methods of stability analysis showed that the stability of crop sequences differed

significantly from that of monocultures. The variance parameters (CV%, o°, YS) and the interaction

principal component scores (IPCA) tended to be higher in maize and wheat monocultures than in

crop sequences (Table 1). According to the regression methods of stability analysis the difference in

the stability of various crop sequences vs. monoculture can be attributed to significant differences

between the intercepts. Stability analysis suggested that recycled crop residues had an increasingly

greater effect in monoculture and in low-yielding environments (<4 t ha™). The NF and WAM

rotations provided especially favourable conditions for the manifestation of the effect of farmyard

manure and recycled crop residues. The results show that stability analysis is a suitable approach for

understanding treatment x environment interactions and assessing the mean performance and yield

stability of treatments in a long-term crop rotation experiment.
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Table 1. Stability parameters of maize and wheat monocultures vs. Norfolk rotation in various fertilisation treatments

Fertilisation  Yield 2 Yield 2
treatments  t ha” CV% o YS  IPCA(L) CV% G YS  IPCA(1)
Maize monoculture Wheat monoculture
A 4715 155 548" -1.59 2.441 226 1207 1.00
B 7.092 50 020N + 0.27 3.702 11.8  0.19™ + -0.18
C 7.145 9.2 1.48" 0.62 3.728 148 045" 0.14
D 7.220 6.1 0.14N8 + 0.29 3.934 79  021M + -0.36
E 7.200 8.2 1.30" 0.41 4.075 6.7 045" + -0.61
LSD (0.05)  0.237 0.141
Norfolk crop rotation Norfolk crop rotation

A 6.072 88 2507 -1.29 4055 134 §797 -0.96
B 8.199 54 033N + 0.18 5.360 45 0.13N8 + 0.46
C 8.208 5.8  0.40M + 0.28 5.470 6.6  0.13M + 0.40
D 7.821 3.7 0.08™ + 0.21 5.487 82  0.19™ + 0.17
E 7.576 6.0  0.72N 0.63 5.338 7.8 032N + -0.08
LSD (0.05)  0.260 0.159

CV%: coefficient of variation, 6: stability variance, YS: yield stability, +: selected treatments, IPCA: interaction
principal component analysis scores. ~ Significant at P< 0.01, ™ Non-significant at P>0.05.
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INTRODUCTION

Agricultural cropping and animal production systems are important sources of atmospheric
GHGs, such as carbon dioxide (CO;), methane (CH,4) and nitrous oxide (N2O) which globally
account for approximately one-fifth of the annual increase in radiative forcing.

Accordingly, a number of mitigation strategies have been proposed to lower the contribution
of agriculture on GHGs emissions. For instance, the use of less intensive, organic production
systems has been proposed as a reliable measure to reduce of emission of GHGs while low tillage
techniques may reduce CO, contribution from the soil. On the other hand, climate change is
expected to have significant impacts on crop growth and yield. Under normal conditions, these are
largely determined by weather during the growing season and even with minor deviations from the
normal weather, management practices and yield are seriously threaded. As a consequence,
understanding the potential impacts of climate change on the agriculture has become increasingly
important and is of a main concern for the economic viability of this sector. Adaptation is certainly
an important component of any policy response to climate change (Mizina et al. 1999) and
simulations indicate the strategies will vary with agricultural systems, location, and scenarios of
climate change considered. Simple farm-level techniques, such as early planting and the use of
cultivars better adapted to warmer climates compared to those currently grown at specific locations
have been indicated as a realistic adaptation to climate change at many northern agricultural sites
(Olesen and Bindi, 2002). Accordingly, the best combination of adaptation and mitigation strategies
for future periods is required for reducing the impact of a warmer climate on crop yield, lowering at
the same time the emission in CO,, N,O and nitrogen leaching.

In this work, a number of alternative farming system strategies have been tested and evaluated
for the efficiency in both mitigation and adaptation. For such a purpose, the results of a crop growth
simulation models (Cropsyst) were coupled to a bio-geochemical model (DNDC) to assess maize
crop yield and the relevant GHGs emissions in Tuscany region (central Italy) for the present period
1976-2005 and in a +2°C warmer climate. Conventional farming system (based on the massive use
of inorganic fertilizers to maximize yield), and organic farming system (based on the use of low
impact management practices, such as the use of manure) performances were compared. Alternative
timing of fertilization, sowing time, residue management and maize variety were tested within these
farming systems.

MATERIALS AND METHODS

Aiming at assessing the possible impact of climate change on both crop yield, GHG emissions
and nitrogen leaching, the performances of alternative crop managements and adaptation strategies
in a warmer climate were tested in a framework including Cropsyst and DNDC models. In
particular, Cropsyst was used to estimate the impact of climate change on crop yield which in turn
was used as input data of DNDC to simulate the relevant changes in GHG emission and nitrogen
balance.

Irrigated maize crop cultivated in South Tuscany area (Lat. 42.88°, Lon. 11.07°) and the
relevant management practices were used as case study of this work. Daily observed values of
minimum and maximum temperatures and precipitation, for the present period (1976-2005), were
extracted from the E-Obs database (spatial scale at 25 Km) provided by the FP6 European Project

-33-



Farming Systems Design 2009, Monterey, California, USA

ENSEMBLES. Soil properties were extracted from the Tuscany soil database (1km x 1 km)
considering the most frequent soil type (sandy clay loam) as representative of the case study area.

Future climate was created by increasing daily temperature by 2°C and reducing rainfall by
10%. Atmospheric CO, concentration level was set to 350 and 550 ppm for present and future
period respectively. While for the present period, only the current conventional crop management
was used for the simulations, in a +2°C environment, five different farming system strategies, five
sowing dates and three different varieties were combined in order to find the best combination of
adaptation and mitigation strategies for future periods. The farming systems included: Standard
management (STD) using 240 kg N ha™ y™ as ammonium nitrate and leaving 15% of crop residue
in field; (ORG) using 240 kg N ha™ y™ as manure and leaving 15% of crop residue in field; (M1X)
using 120 kg N ha™ y™* as ammonium nitrate, 120 kg N ha™ y™ as manure and leaving 15% of crop
residue in field; (LWO) using 120 kg N ha™ y* as manure and leaving 80% of crop residue in field:;
(LWC) using 120 kg N ha y™* as ammonium nitrate and leaving 80% of crop residue in field. Five
considered sowing dates included: £15 days and +30 days with respect to the first of April, which is
the current sowing dates. Late (class 700), medium (current variety, class 500) and early (class 300)
maize varieties were considered.

Maximum potential crop yield was estimated by Cropsyst considering only changes in sowing
dates and maize varieties. These values were included in DNDC to derive the actual yield as
reduced by the combined effects of crop management, sowing dates and varieties, the GHG field
emission (N0, CO,) and nitrogen leaching relevant to each combination.

RESULTS AND DISCUSSION

In standard conditions (i.e. standard variety and management), a +2°C warmer climate
resulted in a +11% crop yield with respect to the present period while CO, from the soil increased
by 14% as well as N2O. In contrast, nitrogen leaching decreased by 20%.

With reference to different farming systems, some common trends may be highlighted. MIX,
ORG and STD resulted in increased yield (+8% on average) as well as in CO, emissions (+35%).
On the other hand N leaching resulted almost unchanged (-5% on average) while the N,O
emissions increased by 73% (average). The low impact managements (LWC and LWO) resulted in
decreased yield (-4% on average), and increased CO, emissions (+35%). In contrast, both N,O and
N leaching highly decreased (-70% and -67%, respectively).

In general yield was not affected by sowing date showing a general increase, with respect to
present period, but the latest sowing date (+30 days) which exhibited a reduced yield (-4%). CO,
and N,O emissions, although higher than present period, tend to decrease with delay in planting
time, while N leaching decreased in all considered sowing dates (-24%).

Longer cycle varieties enhanced biomass accumulation, increased CO, emissions, but highly
reduced N leaching (-40%) and limited N,O emissions (+2%). Shorter crop growth cycle resulted in
decreased yields (-8%) and lesser CO, emissions, while both N,O emissions and N leaching were
higher than the other varieties.

As a conclusion we can state that the combination of longer cycle varieties with high input
crop management (high N fertilizer inputs and lower crop residues in the field) may guarantee
increases in crop yield with respect to present period, with correspondent increasing GHG
emissions. By the other hand, low input practices (low N inputs and residues incorporation),
although maintaining or slight reducing yield, highly lower N,O emissions as well as N leaching.
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INTRODUCTION

The results of recent global climate monitoring as well as the simulations of general and
regional circulation models stressed out that the future climate will be significantly different than
that experienced in the past, resulting in impacts on different economic sectors.

Accordingly, EU’s policy, consistent with the spirit of the United Nations Framework
Convention on Climate Change (UNFCCC), aims to curb global warming at the level below 2°C
above the pre-industrial mean for the turn of this century (EU, 2007). The EU policy goal implies
the evolution of mitigation and adaptation solutions for a tolerable transition (*soft landing”) to a
warmer climate including the identification of their associated costs and effectiveness. It follows
that impact assessment corresponding to the +2°C scenario is a critical point to develop any future
response strategies in different sectors and systems.

Since agricultural practices are climate-dependent and yields vary from year to year
depending on the weather, understanding the potential impacts of climate change on agriculture has
become increasingly important and is of main concern especially for the sustainability of
agricultural system and for policy-making purposes. Many studies aimed at assessing crop
development shifts and yield variations under changes in mean climate conditions. Other studies,
stressed out that change in climate variability, as expected in a warmer climate, may have even a
more profound effect on yield than changes in mean climate and that policy analysis should not rely
on scenarios involving only changes in means (Hanson et al., 2007). Additionally, the changes in
the frequency of extreme climatic events centred at sensitive growth stages have been recognized as
a major yield-determining factor for some regions in the future.

Building on these premises, this work aims at assessing the impact of climate change as well
as the effect of different adaptation strategies in a +2°C warmer climate at European level
considering changes in both mean climate and extreme events frequency.

MATERIALS AND METHODS

Climate future data simulated by a HadCM3 General Circulation Model (GCM) for a period
corresponding to a + 2°C global warming with respect to pre-industrial level, were used as input of
Cropsyst model. A GCM statistical downscaling software (LARS WG) was applied to observed data
to reproduce both present and future climate (Tmin, Tmax, rainfall and global radiation) at a spatial
resolution suitable for impact assessment on a regional scale (50 x 50 Km).

According to LARS WG procedure (Semenov and Barrow, 1997), available observed daily
weather data for a given site were used to determine a set of parameters for probability distributions
of weather variables as well as correlations between them (calibration stage). This set of parameters
was then used to generate both the synthetic weather time series describing the present period and as
a baseline to be perturbed using forcing factors derived from the GCM.

In this work observed daily data (including Tmin, Tmax, rainfall and radiation) for the period
1975-2005 spatially interpolated at a resolution 50 x 50 Km over EU (provided by MARS project)
were used in the calibration phase of the stochastic weather generator. After calibration, 100 years of
synthetic daily weather data were produced for each grid point to represent the current baseline
1975-2005.

The results of HadCM3 for A2 scenario in 2030-2060, over the European domain, were used to
derive the forcing factors corresponding to a +2°C scenario (New, 2005), for the downscaling
procedure. These factors were computed for each GCM grid point as monthly average differences of
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Tmin, Tmax, rainfall and radiation with respect to the reference period (1975-2005). The relative
changes in standard deviation of temperature and in the duration of wet and dry spell were also
calculated in order to simulate change in extreme events frequency.

Cropsyst model was run for +2°C scenario to simulate growth and development of barley,
wheat (winter and spring), sunflower, soybean and maize using common agricultural practices
(business as usual treatment, BAU), i.e. sowing dates, fertilization, rainfed conditions, and using
different adaptation strategies. These included early and late sowing date (-15 and +15 dd with
respect to BAU), shorter and longer cycle variety (-20% and +20% with respect to BAU) and the use
of irrigation. CO, air concentration was set to 550 ppm for the considered period and consequently
crop biomass accumulation in Cropsyst was set to increase by +18% and +10% with respect to
present conditions (350 ppm) for C3 and C4 species, respectively.

RESULTS AND DISCUSSION

HadCM3 GCM for a +2°C warmer climate showed a clear pattern in the change of rainfall
distribution across Europe, with a general annual rainfall increase above 55° Lat N, no or slight
changes between 45° and 55° Lat N and a sensible decrease over the Mediterranean basin. Annual
maximum and minimum temperature increased following a strong longitudinal gradient from —10° to
40° Lon E.

Both changes in mean climate and climate variability affected crop growth resulting in different
crop fitting capacity to cope with climate change. This capacity mainly depended on the crop type
(i.e. winter and summer crops) and on the geographical area (i.e. Southern or Northern Europe). In a
BAU scenario, the Northern regions experienced some beneficial effects of climatic change in terms
of increased crop yield for all the considered crops but soybean that was slightly negatively affected.
By contrast, in the southern areas, yield of summer crops decreased in the range between -5%
(spring wheat and sunflower) and -13% (soybean) whereas yield of winter crops (winter wheat)
resulted increased. The autonomous adaptation strategies proposed reduced or emphasized the
impact of climate change. The use of irrigation increased crop yield with respect to BAU, especially
at lower latitudes where the decrease in rainfall was more evident. Generally, the use of longer cycle
varieties resulted in an increased yield due to the lengthening of time for biomass accumulation. This
strategy resulted more effective in Northern Europe, where no changes or even increase in rainfall
rate were simulated. By contrast, at lower latitudes the projected decrease in rainfall, especially in
summer, limited the effectiveness of this strategy. Shorter cycle varieties resulted in a decreased
yield. This was especially true in Northern Europe, where the shorter growth cycle cancelled out
possible positive effect of increased rainfall. Changing sowing dates gave not significant results
across Europe but in Southern Europe where an earlier sowing date allowed the crops to advance
their growth cycle and to escape the spring-summer drought.
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INTRODUCTION

Liquid slurry manure from dairy feeding operations is an important potential source of crop
nutrients that should be exploited as fully as possible to replace manufactured fertilizer. One of the
most intractable problems for sustainable use of manure as the main nutrient source is the excessive
ratio of P:N compared to crop needs, leading often to over-application of P on soils near livestock
operations. Accumulation of P in soils is a waste of resource and an environmental concern while
transporting liquid manure, which contains 90- 98% water, away from source is costly. The simplest
way to reduce transportation cost is to remove some of the nutrient-rich solids from the manure so that
more of the thinner fraction can be spread near source, and the nutrient rich solids transported further to
nutrient deficient fields.

The solid fraction of manure consists of faeces, bedding and waste feed whereas the liquid portion
is mainly urine and waste water. Manure solids contain the majority of the organic N and P (also
divalent cations and several micronutrients) so the liquid fraction that remains after removal of solids
often has both less nutrients and lower P:N ratio. Removing solids also removes organic matter and
organic carbon, altering C:N, but leaving behind soluble carbon, including volatile fatty acids, which
can serve as a ready substrate for denitrification which emits N,O. Hence, removing the solids from
slurry produces two products with different nutrient, chemical, and physical profiles, that have
agronomic implications. For example, removing solids decreases viscosity and improves rate of
infiltration after field application which serves to reduce ammonia loss and conserve N, and thereby
improving the effective N:P ratio compared to whole manure (Stevens and Laughlin, 1997). Workers in
Quebec recently showed that increasingly efficient removal of solids from pig slurry (settling,
anaerobic digestion, filtration and flocculation) progressively reduced emissions N,O and NH3 and
substantially increased uptake of N by grass (Chantigny et al., 2007).

The objective of our study was to advance sustainable use of dairy slurry by developing strategies
for use the solids-rich and liquid streams obtained with a simple, low-cost method (settling) of
separating dairy slurry.

MATERIALS AND METHODS

The research was conducted in the maritime climate of south coastal B.C., Canada. Slurry
(typically 6.3% DM and 4.6 N:P) from a local dairy was settled for several months in a 2.5 m deep tank
with an open roof. We decanted the upper portion (2.1% DM, 7.7 N:P) and applied to bare soil in
spring, summer and fall; emissions of NH3; were measured with wind tunnels and N,O with vented
chambers. We also tested repeated applications of decanted slurry from a local dairy farm on grass
(Festuca arundinacea Schep.) using surface banding. The settled sludge (8% DM, 2.0 N:P) was tested
as replacement for banded P fertilizer by injecting at 30 kg P ha™ at 75-cm spacing to match corn-rows
(Zea maize L.). The corn was planted several days later (to allow time for soaking and nitrification) at
various distances (5-15cm) from the manure furrow, and sampled 3 times over the season.

RESULTS AND DISCUSSION

Sampling of on-farm storages revealed that most dairy slurries had >5% DM and N:P ratios
ranging from 4:1 to 6:1. Higher N:P ratios found in samples with <2% DM were associated with the
thin fraction of passively separated slurries.
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In a multi-year grass trial, separated liquid obtained from a dairy farm produced better yield (~1.2 t
ha™) and N uptake (~40 kg N ha™) than whole slurry at equivalent applications rates of mineral N
(~300 kg N ha*). The higher yield from decanted manure may be due in part to lower NH3 emission,
due to faster infiltration, although this was not measured. The advantage for the decanted fraction was
even greater based on total applied N because whole slurry had a higher concentration of less-available
organic-N compared to the decanted fraction. Yield and N uptake per applied P was much greater for
the decanted fraction, hence the decanted fraction can be applied at greater volumes than whole slurry.

Decanted slurry fraction applied to bare land reduced emission NH3 under cool conditions when the
soil was relatively dry, but not under very hot or wet conditions (Bhandral et al., 2009). Emissions of
N,O from the decanted manure was similar to the whole slurry based on similar rates of applied
mineral N, but lower based on applied total N.

Corn planted near furrows injected with the sludge separated from dairy slurry performed well.
Populations were not diminished by proximity to sludge furrows, and the sludge did not affect early
growth of roots or colonization of roots with arbuscular mycorrhizae (AM). At the 6-leaf stage, the
corn treated with sludge had more biomass and P uptake than corn receiving just N as fertilizer,
showing that the sludge provided starter P for the juvenile corn plants. The degree of AM colonization
of corn roots did not alter the response of corn to sludge. The efficacy of the sludge improved with
proximity to the injection furrow both at 6 leaves and at final harvest: 5cm > 10cm > 15c¢m. Sludge-
treated corn and corn treated with both N and P fertilizers had similar growth and P-uptake at all
growth stages, and similar maturity and harvest index at harvest.

CONCLUSION

Our work demonstrated that settling and decanting is a low-cost slurry separation technique that
can help farmers manage manure nutrients. The decanted liquid fraction is a very effective N source for
perennial grass production causing less P accumulation in soils and less emission of NH3, than whole
slurry. Therefore application volumes of decanted liquid manure can be set according crop N
requirement rather than crop P requirement, permitting greater manure application rates near the barn,
and thus reducing hauling costs. The sludge settled in the lower third of the tank can be injected at
typical corn P rates at 75cm (corn crow) spacing. Allowing several days for soaking into soil and
nitrification of ammonia, corn can be planted safely within 10 cm of the manure injection furrow with
no P fertilizer. Since the sludge contains less water it can be transported to corn fields further from the
barn avoiding build-up of soil nutrients, esp. P, near the barn. Information is needed on improving
separation efficiency by settling and the long term effects of applying the separated products.
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INTRODUCTION

In the perspective of developping methodologiesdesign and assesx ante alternative
agricultural systems, an increasing attention vemgito the use of models. Nevertheless few attentio
has been given to thex ante modelling of the process of adoption of innovatmnfarmers. Farmers
however often fail to follow extension advice ararbt always adopt innovations because they are not
compatible with their personal constraints andgrezices. We developped an original interdiscipjinar
method aimed at modellingx ante the adoption of alternative crop management systehme
objective of the communication is to present théhme and the results obtained from its applicatmn
the ex ante modelling of adoption of five innovative crop mgeaent systems for banana production
in the French West Indies (FWI).

DESCRIPTION OF THE METHOD

The method is based on the combination of the Gseweral agronomic and economic models
and is made of three steps (Figure 1). The fiegp 8 aimed at modelling farm diversity at regional
level in terms of crop management systems, soildinthte conditions, and economic ressources. This
is based on a farm survey on a sample of farm septative of the regional diversity. A farm typojog
is then obtained and can be used to help expertiesmn alternative prototypes of management
systems aimed at improving the sustainability afent systems (Blazgt al., 2009a). In the second
step a bio-economic farm model is designed in otdeassess the agronomic, environmental and
economic impacts of adoption of prototypes in thféedent farm types. This model is made of the
linkage of a biotechnical crop model to simulatefield level, the impacts of innovations and of an
economic farm model to assess the economic impHcssloption at farm level. The results of the
simulations are then used in the third step togteaiquestionnaire in which farmers are askedey th
would adopt the prototypes given their potentigbatts and under different policy and market outlook
The data collected - farmers decisions to adopttaed personal characteristics - are then used to
estimate an adoption model with a random utilitpremmetric model. A mixed logit model makes it
possible to model the decision to adopt as a fanaif innovation and farmers characteristics armd th
potential interactions.

RESULTS AND DISCUSSION

The application of the method to the case of barsgstems in FWI lead to the identification of
six contrasted farm types from a survey on a saropl67 banana growers. Five innovative crop
management systems involving new pest resistativard, intercropping techniques, improved fallow
and organic fertilization were defined. The simas of the impacts of the prototypes across farm
types revealed contrasted and ambivalent impad&zyBet al., 2009b). The survey on adoption
determinants was done on an original sample of l6@&7ana growers and revealed adoption rate
varying between 30% for organic integrated syst&m&% for intercropping system according to the
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farm type. Estimates of parameters of the adoptimdel revealed that the willingness to adopt
depends largely on aversion to change and farmgrsctations about future pesticide regulation, as
well as on ability to substitute pesticides useddrger labor amount. This study confirmed that the
role of innovation traits and policy attributes da@ strongly affected by interactions with farmer’s
personal attitudes, in particular expectations oture environmental and agricultural policy, and
economic outlook. A cross-sectional view at innawad performances and adoption determinants
make it then possible to propose several policy agdonomic recommendations to promote
environmental adoption.

By linking a farm typology with agronomic and ecomo models the method make it possible to
evaluateex ante new agricultural technologies and practices umdal-world conditions. Although a
considerable amount of data and modelling techsicare mobilized and required to implement the
method, this last one helps a better understanafimgnovations impacts and adoption pathways. This
ex ante approach could be useful to help agronomist rebeas and policy makers to improve the
sustainability of agricultural systems by promotingovations and policy that are more consisteti wi
farmer’s personal constraints and preferencestzréfore more easily adopted.
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TESTING AND PARAMETERIZING CROP MODELS FOR RESPONSE TO
CLIMATE CHANGE FACTORS

K. J. Boote
University of Florida, Gainesville, FL 32611-0500 (kjboote@ufl.edu)

INTRODUCTION: Climate change may include increased day and/or night temperature, increased
carbon dioxide, altered rainfall frequency and intensity, as well as extended growing season.
Simulation models for different crops can be used as strategic tools to evaluate the consequences of
climate change on production for given regions, as well to evaluate shifts in species, sowing date,
cultivars, irrigation, and fertility management practices for adapting to climate change. Prior to
successful use of crop models as tools for such strategic tests, it is important to determine whether the
crop models are accurately parameterized as to climatic effects on growth and development. The
modeling community has not sufficiently tested and improved crop models for these climatic effects,
especially considering the latest scientific literature. The goals of this paper are: 1) to discuss the need
to test the parameterization of crop models for sensitivity to climatic variables, 2) to discuss the nature
of the data needed for testing, and 3) to illustrate examples of such evaluations.

METHODS, RESULTS, AND DISCUSSION: Crop simulation models include relationships that
provide for sensitivities of photosynthesis, leaf area expansion, growth, reproductive processes and
grain yield to CO,, temperature, and other climatic factors; however, the quality of those relationships
has not adequately been tested. Crop growth models that use the simpler radiation-use-efficiency
approach to predict daily dry matter growth are particularly vulnerable to inadequate parameterization
and testing. For example, the CO; sensitivities for the CERES models (C-4 maize, sorghum, and
millet, and C-3 wheat, barley, and rice) and an old (but still available) daily “canopy” C-version of the
CROPGRO model in the DSSAT were based on relationships developed in 1990 (Adams et al., 1990;
Curry et al., 1990). The more recent leaf-level (L) version of CROPGRO (Pickering et al., 1995)
scales from leaf to canopy assimilation. Its leaf-level equations are more mechanistic, capturing
sensitivity to CO, and temperature using rubisco kinetics of Farquhar et al. (1980).

Over the past 20 years, considerable data on CO, and temperature responses have become
available from studies conducted in sunlit-controlled-environment chambers, open-top chambers, free-
air CO; enrichment (FACE) studies, and to a limited extent, high-light phytotron studies. It is
important to appreciate that most of these data should be used only for the relative responses of
photosynthesis, biomass and yield. FACE can provide data that have more realism for absolute yields
but only if plot yields of several m? land area are used. An advantage of sunlit-controlled-environment
chambers and phytotrons is that they can provide data on temperature response. A good source of
information for temperature response is from field studies conducted over different elevations,
latitudes, and sowing dates. Crop models can be used with these data in an inverse solving mode, to
derive correct temperature relationships over elevations, latitudes, and sowing dates.

Such experimental data were used to develop the 2008 climate change assessment report for
agriculture (Hatfield et al., 2008). Tables in that report describe the optimal temperature for grain
yield and the upper failure temperatures of important crops, as well as the percent yield response to
increase in CO, from 380 to 440 ppm and 1.2°C increase in temperature for major production regions
in the USA. The projections for this report were based strictly on published experimental data, not on
crop model predictions.
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We re-evaluated the DSSAT crop models for yield response to CO, (compared to literature
reports). For the C-4 species, recent data indicate less response to CO, than was summarized by the
earlier reviews. As a result, we reduced the responsiveness of the CERES-Maize, Sorghum, and Millet
models to CO, (effective in DSSAT V4.5). The CO, sensitivity function for the CERES models is a
two-variable lookup function that describes relative effect on daily dry matter accumulation that is
normalized around 330 ppm and is a multiplier on the radiation-use-efficiency. Above 330 ppm, the
new C-4 function is about 50% less responsive than the old function, causing percent yield response to
doubling CO, from 330 to 660 ppm to be reduced from 8.3 to 4.6%. The function used for CERES C-
3 crops gave responses (27% yield increase for wheat and 31% for rice with doubling CO5) that are
close to metadata reports so those functions were not changed. For CROPGRO, the L version with
hourly leaf-to-canopy assimilation was sufficiently close to reported data and was not modified.
However, the C version (old daily photosynthesis option) of CROPGRO, having been parameterized
by data summarized prior to 1990, was found too responsive to CO, and was re-calibrated. It uses a
three-parameter asymptotic function described by an asymptote, initial slope, and a “whole crop”
compensation point. Daily crop transpiration in the models is reduced as a function of rising CO»,
using a function developed in1990. The responses of daily transpiration for both C-3 and C-4 crops in
DSSAT mostly mimic observed transpiration reductions, with greater reductions for C-4 crops. The
responses were more realistic for crops that had low LAI responses to CO;, like the cereals. For crops
that increased LAI with rising CO;, the effect of increasing LAI often more than offset the
transpiration reductions caused by rising CO,. Model simulations, theory, and experimental data show
that response to CO; is greater under water-limitation than under irrigation.

Sensitivities of DSSAT crop models to temperature were evaluated and compared to literature.
Temperature sensitivities of simulated processes such as leaf appearance, leaf photosynthesis, fruit set,
and single seed growth rate, can be set from controlled-environment experiments and solved from
simulations against data collected under a wide range of adverse temperatures. The crop models must
have good soil temperature prediction, as well as code to mimic frost or freeze susceptibility and
reduced pollination under elevated temperature. Models lacking these features are poorly suited to
evaluate sowing dates as mitigations to escape effects of hot temperatures or drought.
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INTRODUCTION
In the wheatbelt of Western Australia, attempts are being made to address a hydrological
imbalance — brought about by broad-scale clearing for agriculture - by replanting trees.
The degree to which tree growth may be enhanced by additional water supplies (e.g.
groundwater) will be dependent on the accessibility of such water and the efficiency with
which trees are able to utilize it. Trees that invest more in root development in order to access
deep groundwater may be less efficient in accumulating above ground biomass with respect to
trees that have access to shallower groundwater. Additionally, trees that are capable of
hydraulically redistributing water from depth may overcome or, to some degree, offset the
limitations to growth associated with less accessible groundwater. Implications for the efficacy
of strategic tree plantings will be better informed with a greater understanding of tree responses
to groundwater depth and the role of hydraulic redistribution.

This study aimed to investigate water use patterns of trees of trees with a close water table (2 m
- SGW), trees with a deeper water table (4.5 m - DGW) and trees with no access to
groundwater (NGW).

MATERIALS AND METHODS

The research took place on Calecono Springs farm (30°02°28”S, 116°13’00”E), approximately
30 km south east of the town of Coorow in Western Australia. The study commenced in 2003
when the trees were just over four years old. The study site has a Mediterranean climate
characterised by a hot dry season and cool wet season. The mean annual rainfall (1899-2003) is
350 mm, more than 80% of which falls between April and October. Annual potential
evaporation is 2340 mm with a monthly peak of more than 350 mm in January.

Sap flow was monitored for 12 months in the three landscape positions described earlier, then
seasonal data was extracted to compare flows under different conditions. Probes were installed
in two tap roots, two lateral roots and one stem from each tree. Sapflow data is presented as a
single diurnal curve which is a mean of 14 days data. Above ground biomass data was also
collected in the three landscape positions.

RESULTS AND DISCUSSION

Variations in water availability appeared to have little effect on basic root architecture with
trees in the two extreme landscape positions (shallow ground water and no ground water)
possessing the same proportion of taps roots and lateral roots. Night time sap flow was
observed in roots in all three landscape position, confirming that hydraulic redistribution is
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occurring in this species across a range of soil moisture pattern scenarios. Although higher
rates of hydraulic redistribution were measured in the deep ground water and no ground water
plots, complex root architecture may have masked the extent of nocturnal flow in the two plots
where a water table was present.

Water availability had a profound effect on tree growth with a doubling of the depth to
groundwater effectively halving biomass accumulation over the first four years, while trees
with deeper groundwater grew to four times the size of trees surviving on annual rainfall over
the same period. Compounding this effect was an increase in water use efficiency when water
was more easily accessible meaning well watered trees were able to fix more carbon per unit
water use.

Sap flux density patterns in the dry season reached similar peaks in all three plots, but rates
were less sustained over the course of the day where water was more limited. This amplified
the difference in water use per tree as stem cross sectional areas also decreased as water
availability reduced.

The presence of a water table allowing the maintenance of surface soil moisture has the
potential to appreciably increase total stand water use, and consequently tree growth so this
should be taken into account when planning placement of trees if either of these outcomes are
drivers. Well targeted plantings will therefore enable land managers to maximize the benefits
of re-integrating trees into their existing farming systems while minimizing the area of land
required to be taken out of annual crop production.
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Figure 1 (a) Stem Sap flux density patterns in three landscape positions late in the dry season. Each
trace is the stem mean for the plot over 14 days. (b) Average diurnal sap flux density (n=3) over a ten
day period in lateral roots in no ground water landscape position for 3 seasons 2003-2004.

Table 1. Plot mean heights, volumes, sapwood area, leaf area, sapwood area/leaf area ratios and
transpiration efficiency in terms of grams of dry matter accumulation per litre of water transpired
with standard errors.

Height (m) Vol (m®) x10° SA (cm?) LA (m%) SAILA WUE (g/kg)
SGW | 4.31(+0.16) 18.3 (+2.2) 82.8 (+11.1) | 38.2(x5.3) 2.2 (+0.03) | 1.33(x0.15)
DGW | 3.18 (x0.18) 7.8 (x0.7) 479 (x50) |20.8(x2.2) 2.3(+0.03) | 1.16 (x0.15)
NGW | 1.68 (x0.10) 1.5 (x0.17) 16.1(+16) | 5.9 (z.67) 2.8 (+0.05) | 0.88 (+0.22)
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INTRODUCTION

High Nature Value Farmland (HNVF) was proposedrtpbasise the crucial role of low-intensity
farming in European biodiversity conservation (Balki et al.,1993) and is considered an importanieiss
to promote multifunctional agriculture among thedpean Environmental and Agricultural Policy (Rural
Development Programme, 2007-13). Low-intensity fagnstill covers broad areas of Europe’s more
marginal regions; on this respect, the HNVF coheepseful to support a range of habitats andlifeld
species, especially when they includes a high ptapoof semi-natural vegetation such as grassibscr
and woodland (Bignal & McCracken, 2000).

Three types of HNVF are generally recognized: 1¥thgavith grazed semi-natural vegetation; 2) a
mosaic of semi-natural vegetation, arable and/empaent crops; 3) more intensive farming systems
which nevertheless still support species of corsg@m concern (Andersen et al. 2003). At the same t
there are three different approaches which canskd for their identification (Andersen et al. 2Q0B)
land cover; 2) farming system; 3) species.

This work elaborates a methodological procedunddatify and characterize HNVF; it was applied
to the geographical area of “Monti Dauni” (Apuliazegton, Southern Italy) of approximately 200,000
hectares; bothand cover andfarming system approaches were employed.

DESCRIPTION OF MODEL

Theland cover approach (Fig.1) was carried out using a Geographic Informatiost&y software
(ArcGis 9.2). Starting from thé&and Use/Cover map (1:10.000 in scale) 8iotope Map was derived
through a proper land cover class aggregation. &uial value” score, ranging from 0 to 1 (minimum
and maximum value respectively), was assigned ¢b batope (15 as a whole), according to a cardinal
ranking procedure (Berthoud et al., 1989). Withpess to this score (if lower or higher then 0.28
map was split into two complementary units: Anthropization and Naturality maps. Buffers (of
increasing size in relation to the natural valugh& biotopes) were traced out along the bordahef
patches on thélaturality map. All those buffers were then summed up to getTiramsition Map which
was added to thAnthropization map. In this way, thdnterference map was finally generated, soon after
a score reclassification (5 class levels). Thialfimap highlights those sectors or zones whereraaeda
spatial closeness or inter-dispersion between hégaral and high anthropization areas is detedtkdse
areas should be the first candidates to be eval@ast¢iNVF.

The farming system approach was consequently applied to a restricted are@Qltfectares wide)
characterized by highnterference values; information related to three farms instties area were
collected by direct inspections and farmers ingamd. Crop rotation and yield, fertilizers and padgs,
dairy and cattle breeding, farm management, naandlsemi-natural vegetation, extension and shape o
crop fields and of ecological infrastructures wieley detected.

RESULTSAND DISCUSSION

A top-down and a bottom-up methodologies for thentdication and characterization of HNVF
were proposed. THand cover approach is a top-down methodology, performed at a broatkessaitable
for the geographical identification of potential MR, such as the highest classes patches of the
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Interference map, corresponding to those landscapes where farnsirggrictly influenced by natural or
semi-natural ecosystems. A coexistencegfculture and high species and habitat diversity (Andersen
et al., 2003) is observed. We labeled these patadw$potential” HNVF because no direct information
are available about farming system management gmudescological sustainability.

Therefore, at a finer scale, a bottom-up methodolegs applied to a sample area, consisting in the
farming system approach. The three farms are characterized by a high ptigmoof natural and semi-
natural vegetation, like pasture and natural gaaskl bush and garrigue, woodland. Crop cultivation
consist mainly in cereals (above @&fiticum durum andHordeum vulgare L.) and meadows. The high
proportion of natural vegetation is mostly the testia marginalization of these rural areas wheregh-
input farming system is not profitable.

The detected sample areas can be actually assigrreHNVF between types 1 and 2. Results state
the absolute need of both approaches to charaztand identify HNVF and promote their correct
management and ecological improvement. Generalyirterviewed farmers were not fully aware of the
importance of these residual natural habitats drldeoenvironmental services those habitats cainetel
As a consequence, farmers must be assisted andrseghpo promote the full achievement of a well
designed multifunctional role of agriculture.

The present study must be considered a first attamset up a methodological approach to
characterize and identify HNVF; the starting pdortfurther investigations.
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SYSTEMS RESEARCH IN AUSTRALIAN AGRICULTURE - THE APSRU : Lﬁq

EXPERIENCE

Peter Carberry and Daniel Rodriguez
Agricultural Production Systems Research Unit

INTRODUCTION

The Agricultural Production Systems Research Unit (APSRU) was established in 1990 as a
partnership born out of competition between research agencies in north-east Australia — the
Queensland Department of Primary Industries and CSIRO. Almost two decades later, APSRU has
established a reputation in Australia, and internationally, as being amongst the leaders in farming
systems research and the application of systems analysis and modelling tools in agriculture. This
paper briefly documents some of APSRU’s achievements of the past 19 years and draws some
lessons from this collective effort.

SCIENCE AND INTERVENTION

APSRU's core technology is the APSIM model (Keating et al., 2003). Prior to forming
APSRU, each agency had undertaken model development and application, either developing their
own models or building on the models of others. However, the design and development of APSIM
has been our key innovation in this field, not only in providing a true systems simulation capacity
but also in adopting rigorous software engineering practices. Accordingly, much of the science of
APSRU has been manifest over the years in adding to and improving the functional simulation
capability of APSIM (Robertson et al., 1992). Today, APSIM is regarded as the standard for the
modelling of crops and cropping systems in Australia — for example, since 1992, APSIM has been
used in 17% of all papers (75% of papers with modelling included) presented at the Australian
Agronomy Conference (Robertson per com).

For model applications, APSRU designed and developed tools to support the characterisation
and monitoring of soil resources, including soil coring equipment, the ‘HOWWET?” software and
‘Soil Matters’, a manual describing how to take soil samples and analyse results. Concomitant with
this concerted effort to create soil resource data for modelling, farmers and advisers throughout
Australia recognised the importance of monitoring soil water and nutrients as an integral
component of dryland crop management. Today, the APSOIL national database of soil properties,
being APSIM-ready, can be downloaded from Google Earth.

APSRU has been a leading participant in the development and application of seasonal climate
forecasting systems relevant to Australian industry and internationally (Meinke and Stone, 2005).
The Southern Oscillation Index phase system was developed and promoted by APSRU as a
management tool throughout Australia. This work on climate prediction has helped make this
phenomenon part of everyday language in Australia such that farmers nationally are acutely aware
of the implications of SOI trends on their enterprises’ potential productivity.

Being both a developer of decision support systems and their harsh critic (McCown et al.,
2002), APSRU has been an active contributor to both the theory and practice of systems research in
Australia. As a consequence of such reflection, APSRU has pioneered participatory action research
as an approach to intervening in farming systems, particularly in using APSIM as a tool to explore
farmer and adviser responses to alternative management options (Carberry et al., 2002). Today,
Yield Prophet® offers farmers in Australia access to APSIM on-line as a subscriber service
designed with theory and history’s learnings in mind (Hochman et al., 2009).

Current innovations being progressed within APSRU include both model up-scaling to whole-
farm (Rodriguez et al., 2009) and regional analyses, broadening modelling scope to encompass
ecological performance of alternative land use systems and developing crop modelling potential to
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link with molecular genetics in novel integrated approaches to plant breeding (Hammer et al., v ,.,“5-1

2005).
LESSONS LEARNED

APSRU’s history, its achievements and its continued existence are tangible evidence for the
“partner or perish’ maxim. By creating a critical mass of scientists with a common challenge — to
demonstrate to our agencies and industries value from science investment into simulation modelling
—we have created a well supported and acknowledged domain for systems analysis and modelling.
Our unifying focus has been largely to progress the science and software of APSIM. The challenge
in this task has been to foster creativity and accommodate diverse views whilst at the same time
benefit from the efficiencies of a concerted and coordinated effort. Whilst the APSIM architecture
largely enabled this duality, we judged early on that the latter necessity took primacy in order to
create a manageable and sustainable platform for systems modelling into the future.

The oft-voiced criticism of APSRU has been our protection of APSIM IP through licensing
agreements rather than making it open-source — also a point of strong internal debate. While the
benefits of science integrity, software maintainability and return on investment fully justify our past
position, the downside of access restrictions to potential users is acknowledged. Today, APSIM and
its science are open to any user as community-source software downloadable from
www.apsim.info.

Whilst a unified focus was important, the other key contributor to APSRU’s success was that
individual scientists largely accommodated their own science interests; we essentially ‘divided the
turf” of issues between a set of strong-willed scientists! Fortunately, APSRU started at an opportune
time (or maybe even created the opportunity) for serious investigation into climate risk analysis in
dryland farming in Australia. Thus, scientists took the lead on different imperatives in this multi-
faceted issue — crop physiology, soil resource monitoring, seasonal climate forecasting,
participatory on-farm research, model and DSS development, theory guiding practice — and the sum
of their efforts equated to an impressive catalogue of science and on-ground impacts.

APSRU started locally, by genuinely engaging farmers in our research inquiries. A
participatory approach has become a characteristic of our research, but distinguished by seeing
models as essential to providing rigour and by the belief that such interventions are legitimate
research activities, whereby learnings of both farmers and scientists are reported in the science
literature. A strong local track record facilitated APSRU’s approach and influence to be replicated
nationally and internationally.

A challenge to the current generation of scientists in APSRU, and elsewhere, is to continue to
innovate our systems research in order to meet the significant challenges of today and tomorrow.
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INTRODUCTION

The United States Department of Agriculture (USDA) delivers technical assistance to
operators of approximately two million farms and ranches through a network of about 2,800 county
level field service center offices. USDA field consultants must understand the producer’s farming
system, and the technical assistance they provide usually involves proposed enhancements to the
system. The consultant and producer identify the concerns or opportunities to be addressed,
inventory the existing system, and formulate solution alternatives and modifications to the current
system. Two analytical approaches can be employed. The consultant and producer may add
practices to the current system and then model (estimate) the effects of the enhancements on the
identified concerns or opportunities, continuing to plug-and-play until suitable alternatives emerge.
Or, in somewhat reverse order they can model the desired state and select from a suite of
management options that satisfy the criteria for the expected outcome.

USDA field consultants currently use an array of analytical tools when providing technical
assistance, including Web Soil Survey, Revised Universal Soil Loss Equation, Wind Erosion
Equation, Nutrition Balance Analyzer, Soil Quality Index, Pesticide Screening Tool, Phosphorus
Index, Energy Estimators, Cost and Returns Estimator, among several others. They increasingly
will use more comprehensive tools, such as the Agricultural Policy Extender (APEX) and the
Agricultural Nonpoint Source (AnnAGNPS) models, or at least the technology contained within
them, for on-farm system analysis. Unfortunately, each tool comes with its own data provisioning
requirements, unique user interface, and processing requirements. Field consultants hit a wall of
complexity and resource constraints, and the tools are not used to their full potential.

To remedy the problem, the Natural Resource Conservation Service (NRCS) has initiated a
Conservation Delivery Streamlining Initiative (CDSI) to integrate technology components with the
workflows of the field consultant (USDA-NRCS, 2009). CDSI provides the framework and
common user interface for the field consultant. The Agricultural Research Service (ARS) led the
development of the Object Modeling System (OMS) to integrate the science components across
models and tools into model bases (USDA-ARS et al, 2009), one of which will integrate with the
CDSI framework. The purpose of the model base is to deliver science deployed as services
available to the CDSI workflow.

OBJECT MODELING SYSTEM (OMS)

Using OMS 2.2 USDA and Colorado State University scientists are building a new USDA
Conservation Effects Assessment Project (CEAP) watershed level model, and integrating the
Precipitation and Runoff Modeling System (PRMS) in annual water supply forecasting by NRCS
for 600 locations. OMS is being expanded to include data provisioning, production run-time, and
knowledge base platforms, infrastructural enhancements to satisfy anticipated greater demand for
model services by USDA programs, including CDSI. The OMS team has developed a new
standard to remove framework invasiveness from component code, employed the use of
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annotations, and added multi-language support. These enhancements make it easier to integrate
legacy models and components into model bases supporting CDSI and other initiatives.

FARMING SYSTEM MODEL BASE

The new field level farming system model base supporting CDSI will include climate,
hydrology, crop/plant growth, nutrient fate/transport, pesticide fate/transport, erosion, soil quality,
economic analysis, and other biophysical components. The sources for these components are the
models listed in the introduction above, as well as new science as it is certified for technology
transfer and becomes available. The model base will contain several model instances, primarily
instances for different physiographic regions. In certain cases, it will make sense to deploy a model
instance limited to a particular concern, for example, erosion estimation deployed as a model
service supporting heavy user load during an agency program sign-up period.

RESULTS AND DISCUSSION

The farming system model base is proceeding through a requirements phase. Core concepts
for CDSI have been documented in an ontology using Protégé 4.0 (oms.javaforge.com). The
primary purpose of ontologies is to maintain core domain knowledge in a transparent and structured
state, rather than buried in code and partially represented in data models. CDSI ontology concepts
relating to the farming or ranching operation include area of interest, problem area, management
concern, treatment unit, management system, management practice, structural practice,
management period, crop/plant cover, management operation, response unit, and management
effect. Inputs to a model instance supporting a CDSI workflow usually will include management
practice, structural practice, management period, and crop/plant cover data. Output of a model run
produces one or more management effects. Conversely, desired management effects may be
inputs, with outputs containing various combinations of management practices and cropping
options. As the effort moves forward, other ontologies will be leveraged as feasible, including
those from CUAHSI (http://his.cuahsi.org) and SEAMLESS (Athanasiadis et al, 2009).

The farming system model base will be deployed to the OMS production run-time platform,
which leverages cloud computing technology. The platform has been successfully tested and
prototyped on the Amazon Elastic Computing Cloud (EC2) with multi-threaded model runs
enabled by Terracotta network attached memory (NAM) technology.

Data provisioning and model calibration currently are the primary constraints to rapid
progress towards an operational model base for CDSI. The model base must serve offices across
the U.S., including Alaska, the Caribbean, and Pacific Basin. Several tools are being added to the
OMS framework to facilitate model calibration, sensitivity, and uncertainty analysis. Data
provisioning mostly involves re-orienting existing resources and data assets to create the data marts
and access services to support the model base.
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GLOBAL WARMING POTENTIAL OF ORGANIC AND CONVENTIONAL GRAIN
CROPPING SYSTEMS IN THE MID-ATLANTIC REGION OF THE U.S.
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Sustainable Agricultural Systems Lab, USDA-ARS, Beltsville, Maryland, USA
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INTRODUCTION

The global warming potential (GWP) of a cropping system is the balance between the net exchange
of the greenhouse gases CO,, N,O and CHj, that result from on-farm practices and the production and
transport of inputs. While no-till cropping systems are often considered an effective means of
decreasing GWP by sequestering C in soil, there is increasing evidence that this may not always be the
case (e.g. Baker et al., 2007). Systems in which organic materials are buried using tillage, for example,
can increase soil C at depth compared to no-till systems (e.g. Angers et al., 1997), and N,O fluxes for
no-till systems can be greater than for tilled systems (Robertson and Grace, 2004). We report here on
GWP calculations for no-till (NT), chisel till (CT) and organic (Org3) cropping systems at the long-
term USDA-ARS Beltsville Farming Systems Project (FSP) in Maryland, USA.

MATERIALS AND METHODS

The three cropping systems are three-year corn (Zea mays L.)-rye (Secale cereale L.)
cover/soybean [Glycine max (L.) Merr.]-winter wheat (Triticum aestivum L.)/legume rotations. The
legume in NT and CT is double-cropped soybean; in Org3 it is hairy vetch (Vicia villosa Roth). We
estimated annual GWP by summing the net exchange of CO; equivalents from 1) changes in soil C, 2)
N,O fluxes, and 3) energy used on farm and in the production and transport of material inputs. We
collected soil to 1 m depth in 2006, 11 years after plot establishment, and analyzed samples for total C
using dry combustion. N,O fluxes were measured for corn from 2005 to 2008 and for wheat and
soybean in 2008. Energy use COgqus Were determined using published values for individual
operations and materials and FSP management records. We also calculated greenhouse gas intensity
(GHGI, i.e., GWP per unit of grain yield) using crop yield data from the site.

RESULTS AND DISCUSSION

Soil C (in Mg C ha™) was greater in Org3 (60.8) than in CT (51.7) and NT (54.9) (P<0.05). Since
the site had been in NT during the 11 years prior to plot establishment and had presumably approached
equilibrium, we assumed that all systems had an initial soil C content of 54.9 Mg C ha™. The average
rate of change in soil C, based on that assumption, was 533 kg C ha™* y™ in Org3 and -295 kg C ha™! y*
in CT (see Table 1 for COzequts).

We found differences in N,O flux among systems in two cases: In 2006 N,O flux (kg N>O-N ha™
y'!) in corn was greater in NT (4.2) and CT (3.5) than in Org3 (1.7) (P<0.05) and in 2008 N,O flux in
wheat was greater in Org3 (2.4) than in NT (0.6) and CT (0.8) (P<0.05). This latter difference resulted
in significantly greater N>O flux COgequis in Org3 than in NT both for wheat and for the full rotation
(Table 1).

Energy use COgeqvt in Org3 was substantially lower than in CT and NT (Table 1), largely due to the
high energy cost of producing and transporting N fertilizers, which are not used in Org3. We assumed
that poultry litter in Org3 is produced on-farm. If poultry litter is transported to the farm, however, it
can only be transported 42 km for wheat production and 114 to 127 km for corn production before the
COzequt for energy use in Org3 is equivalent to that in NT and CT.
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GWP was negative in Org3, positive in CT and NT, and greater in CT than NT for all crops and for
the full rotation (Table 1). These differences were driven primarily by differences in soil C among
systems and secondarily by lower energy use in Org3 than in CT and NT. Despite relatively low crop
yields in Org3, GHGI for all crops and the full rotation was also negative and significantly lower than
for NT and CT. Greater N,O flux in Org3 than in CT and NT wheat did not account for sufficient
GWP to alter GWP or GHGI rankings.

Results indicate that Org3 was a net sink, while CT and NT were net sources, of CO, equivalents.
Practices common in organic systems—including soil incorporation of legume cover crops and animal
manures—can result in mitigation of GWP and GHGI relative to CT and NT systems, primarily due to
increased soil C.
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Table 1. Relative GWP and GHGI for three cropping systems based on change in soil C, N,O flux,
energy use, and crop yield. Negative values indicate a global warming mitigation potentialt.

Crop System ASoil C N.O Energyf GWPS Crop Yieldf GHGI*
........... kg COgzequ hat yt - Mg ha™y™ kg COzeqn Mg grain™
Corn CT 1080 a 493 1250 2822 a 9.94a 288 a
NT Ob 443 1162 1605 b 104 a 154 a
Org3 -1953 ¢ 627 458 -868 ¢ 7.80b -110 b
rye/Soybean  CT 1080 a 354 576 2010 a 3.45 586 a
NT Ob 187 506 693 b 3.60 193 b
Org3 -1953 ¢ 452 403 -1098 ¢ 2.95 -355¢
Wheat/legume CT 1080 a 372D 759 2211a  5.63a/2.39 274 a
NT 0b 279b 752 1031b  5.51a/2.26 132 b
Org3 -1953¢ 1133a 172 -648 ¢ 4.63 b -144 ¢
Full rotation  CT 1080a 406 ab 862 2348 a 714 a 330a
NT Ob 303b 807 1110 b 7.25a 153 a
Org3 -1953 ¢ 540 a 344 -1069 ¢ 512b -207 b

T Means for a given crop within a column followed by the same letter or no letter do not differ
significantly at p < 0.05.

T Energy used for on-farm operations, and production and transport of input materials.

8 Sum of CO, equivalents from 1) change in soil C, 2) N,O flux, and 3) energy use.

1 Mean yield for years with average precipitation between 2002 and 2008. Wheat/legume yields for
CT and NT are for wheat and double-cropped soybean.

#GWP divided by crop yield.
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INTRODUCTION

Farming systems design is mainly addressed thramroaches combining modelling, field
experiments and a sometimes end users participgRoetty, 1995, Novak, 2008End users

participation allows to take into account their cems (Stoorvogekt al, 2004), their knowledge
(Cardosoet al, 2001), or to validate the feasibility of new sk under on-farm conditions
(Vayssierest al, 2007).Co-design is used here to give account of desigogsises which involves
active participation of end users.

For us, active participation of end users is regglito take on board the complexity of innovation
processes. Much can be gained when the design grdseshared among co-designers, e.g.
researchers and various users, in order to adthressncertainty about the value and the vision of
what should be designed as well as the feasilofitthe system under design. The conditions and
constraints to achieve active participation durihg co-design process also need to be specified.
This paper presents the results of a study caougdby a group of social scientists and agronomists
to develop an conceptual framework which pointsstages and key points to be taken on board to
monitoring a design process enabling active paditon of the co-designers

MATERIALSAND METHODS

The co-design process was analyzed in seven omrgesearch projects in which design and
innovation processes were intertwined. The analysis carried on from the point of view of the
researchers in charge of monitoring the processati case, end users were mostly involved in the
specifications and in the testing phase of a pyptwbf the designed system. The projects differed
with respect to the system being designed (softsvresupport decisions , a new animal breed, a
new cropping system) the nature of the involvedngais (farmers, advisers, breeders, etc.), and the
geographical location (5 were in France, 2 in depkelg countries).

Cross-analysis of the 7 projects served to idemj#geric features which project managers have to
address to allow users’ active participation. Therdination team facilitated this cross-analysis by
enabling the researchers involved in this study)tproduce comparable data on their respective
projects which could be used to abstract thesergefeatures, (ii) share and carry out collectively
the cross-analysis. Researchers produced narrates&sibing the partnership, the steps followed
during the design process, and the problems fatmuyat. They were also interviewed by the
coordination team to reflect critically on theivalvement and role in the process, and to describe
in details selected relevant co-design events, exgnts held between researchers and end users.
Iterative data analysis was conducted between ithaV project researchers and the coordination
team to identify generic features of the co-degigtess.
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RESULTSAND DISCUSSION

Two main results were obtained. The first one geaeric conceptual framework for monitoring a
co-design process as summarized below (without plkenirom the 7 projects)

A conceptual framework to support the monitoring of a co-design process

Step 1: acquiring cognitive and material resources to build a 1st version of a prototype

Purpose : to learn about acceptable and possible changes in work situations and to design a 1st rough prototype

Agency : each participant has to become aware of the various knowledge sources and to identify the scope of the process.
Means : diagnosis on the local situation : how do users invent some solutions to achieve change in work situations ? Which
knowledge (from all co-designers) has to be embedded in the prototype ? Which knowledge (scientific, technical, local) has to be
made available for all the co-designers ?

Step 2 : organizing successive loops around the prototype

Purpose : enabling joint development of the prototype and of the acceptable changes within the work situations

Agency : participants are involved in testing the prototype and building scenarios in which to test it. They discuss the consequences
and the changes required on the prototype and in the local work situations

Means : establishing a framework in which each participant can be confident in the way others are engaged in the process.
Highlighting controversies and common agreement on required change whether at prototype level or at local work situations one.

Step 3: Ending a co-design cycle

Purpose : Stabilizing an acceptable version of the designed object

Agency : participants agree on the relevance of the prototype regarding the changes which have been achieved in the work
situations

Means : assessing what will be gained by further development of the prototype. Assessing if little changes in the work situations will
imply deep redesign of the prototype.

The second result addresses the ability of thearekers involved in co-design process to become
reflexive practitioners (Schon 1983). This was aebd by the coordination work based on the
building of narratives and their collective anatydReflexivity here aims at developing awareness
about the context of the co-design process andratiging conceptual resources to co-design
managers in order to orient their action.The fraomws by no means a fixed package which can
be applied mechanically to each and every co-desigmation. For those who want to start co-
design processes, it can be used as a check tise€ shain points to which attention should be paid
to allow active participation of end-users. Fordgb@lready involved in such project, it can be used
to contribute to reflexivity and to assess how\acfparticipation has been achieved and how to
enhance it if needed. In both cases, using thednark may offer the opportunity to improve it
further and to feed it with more examples.
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INTRODUCTION

To enable agriculture to maintain a high produtyivevel and decrease its negative
environmental impact on a long-term basis, one @pyr is to promote learning processes
among farmers. Some agronomists have already pomiethat learning processes are part of
farming system leeway (Navarrete et al., 2006)exilbility (Dedieu et al., 2008). While learning
processes are seen as key factors in decision gupcCown, 2002), they have not yet been
characterized. Hence, our research aims at anglyaadiversity of farmers’ learning processes
when farmers change their practices (decreasingsbef chemical inputs: fertilizers, pesticides
and fuel) during their professional career.

MATERIALS AND METHODS

Our hypothesis is that there is a diversity of esutf change to reduce the use of inputs on
the one hand and a diversity of learning proceesethe other. Routes of change are meant to
give an account of the temporality and of the camptombination of changes in practices
occurring during the farmer’s career. For each gbarwe have highlighted the learning
processes which occurred. Learning processes ermssni@ining, social learning and learning in
action. We acknowledge them by identifying the matof what was learnt, the resources
mobilized and the different steps followed to leagrg. the state of alert (problem, idea, go
click), the experimentation, the validation. Figalto quantify the input reduction, based on
recordings made by farmers, we calculate a serieimdicators at different periods and at
different scales (crops and farm).

We carried out farm surveys (20 in Champagne Beonioe, France, territory of field
crops) among farmers who now perform low-input @gture. Interviews dealt with the
technical, agronomic, economic and informative disiens of farm work for a period covering
the professional career of the farmer (6 hoursiofesy/farmer in two sessions).

RESULTS AND DISCUSSION

In this paper, we have chosen to present two rooftehiange for two different farmers:
both of the two farms are located on similar brosail types (40mm< soil water reserve <
100mm) and both of the two farms use 60 L.laf fuel for their crops in 2008, but their
practices are different. We calculated indicaforsnitrogen and pesticide utilization, average
wheat yield and, to illustrate the learning proesssve show only the experimentation step to
simplify.

Table 1 shows that if the reduction of nitrogertiligation on wheat appears in both cases
(meanwhile the average yield has not changedasitriot occurred at the same period and it does
not have the same final results. For soil tillagepesticide use we noticed differences in the
nature, the dynamics and the intensity of practme=s the period. Few changes in practice are
stimulated by a change in environmental regulatidos nitrate and water). Our data however
shows that the one farmer (farmer 1 in Tablel)uszsl this change as an opportunity for him as
well as for his development group to reduce nitrogee to below the norm while maintaining
the same level of income. The learning processeslao different. Indeed, the experimentation
step can take different forms according to the olgppealing to the individual (shown in Table
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1) as well as to the way of controlling the resufsthe experimentation. Experimentation is
mainly carried out within a group or with a neighibbcand one farmer can have diverse ways of
experimentation. The development group of the fasner started reducing the input doses three
or four years before the second one. If both fasmeroked their recent concern for the
environment, they did not translate it into pragtic the same way.

These first results encourage us to consider thatmethodology is relevant to analyzing
and identifying the diversity of learning processesswell as that of route of change within a
given territory. The treatment of all data will neak possible for us to show specific connections
between certain routes of change and certain legrprocesses in farmers’ careers. Such an
analysis, based on grounded surveys, will proviel msightsto guide changes of practice. It
can also complement approaches that aim at degigmimproving farming systems.
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Table 1 Two routes of change for two different farmers.

Headings Route of change for Farmer 1 Route of change for Farmer 2
Time periods 1985 1990 1995 2000 2008 1988 1990 1995 2000 2008
Adjustment of ! Reduction . Environmental | . . Reduction . . '

Highliahts of h i oof thg | d ' Slgnlng up an Introduction | of thg Sharlng of No-till
ghlights o e practices iwareness and of ! operating | equiomentand | o-t
the farm to the ; operating economic environmental L P oP g | equip ' seeding

neighbours cgsts viability contract Irrigation _costs manpower !
(inputs) (inputs) :
UAA per AWU
(AWU) 80 (1) 80 (1) 105 (1) | 115 (1) 217 (1) | 200 (5)
. WRorS/WW/ . C/SB/WW g/WW/
Rotation WR or S/ WW /WB 'SB or WB or WW C/SB/WW/P/Se Bq / SB
% of tilled area 65 . 656 @ 2 (O 50 70 . 0 @ 0
Seeding Decrease in density / More resistant varieties Decrease in density
(iin 2008, wheat density is 200-250 grain.m2) @ (iin 2008, wheat density is 250 grain.m2)
Fertilization 160 : : 200 1 200 ‘ i
Average N on 150 i g\‘
wheat \M ' ' '
(unit.hat) | | 140 | | 170 | 170
Herbicides, !
Fungicides, i@ Dose reduction . ® Dose reduction
Insecticides. ' ' '
Growth Never used Used @ Stopped using
regulator '
- 0

s feg.fotﬂ'; Farm-scale TFI for herbicides in 2008: 73 % Farm-scale TFI for herbicide in 2008: 92 %
reference Farm-scale TFI for other pesticides in2008 : 25 % Farm-scale TF| for other pesticides in 2008: 84%

Wheat Yield 5,5 Mg.ha"! -

average 5 yrs() Regional averagge is 6,2 Mg.ha"! 7 Mg har' (irrigation).
Caption

UAA, AWU Usable Agricultural Area (Hectares), Annual Work Unit

Crops in the C: com; P: peas; W R: Winter Rapeseed; S: Sunflower; SB: Spring Barley; Se B: Seed-bearing; WW: Winter Wheat; WB: Winter barley;

rotation For example, “R / W” stands for a rotation of Rapeseed the first year and wheat the second year.

N Nitrogen (unit. Ha")

TFI Treatment Frequency Index: this index posts the number of standard doses of pesticides applied on one hectare for one agricultural
year. The standard dose is the efficient dose applied on one culture for one pest or one weed. TFI can be calculated at the scale of a
crop, as well as the scale of a farm. Here we distinguish the TF| for herbicide and TF| for the other pesticides.

. Experimentation alone @ Experimentation with a peer
Experimentation with a development grou No experimentation
) p p group e p
Q Change due to the regulations impacting practices:
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INTRODUCTION

Milk production in Uruguay has been growing in the last 20 year at an annual rate of around 7%
(DIEA, 2007). This trend has been based in larger dairy farms with higher stocking rate and higher
productivity per cow (DIEA, 2007). Although directly grazed pasture still constitute the main source of
feed to dairy cows a significantly increase on the use of supplements like cereal grains, byproducts and
conserved forage like silage and hay has been observed. Over 65 % of the produced milk is sold in the
international market as milk powder, cheese and butter. There are no direct or indirect governmental
subsidies to regulate milk price at farm level, thus prices show large variations throughout years. In this
context it’s become strategic the availability of predictive functions to forecast biological and
economical performance of dairy farms under different economical scenarios.

MATERIAL AND METHODS

In the context of a large project being carried out by CONAPROLE the main Dairy Industry of
Uruguay, over 70 individual dairy farms were monitored during 5 consecutive years and a complete set
of physical, biological and economical events were recorded.

Mixed models with repeated measurements in time were estimated for the variables net income, total
production cost, gross income after feeding and individual milk production For all variables the
repeatedly measured subject was the farm and an autoregressive first order covariance structure was
used. The estimation method was ML and de degree of freedom estimated by the KR method (Kenward
and Roger, 1997). For each one of the four independent variables a complete model was run as a first
step. Afterwards, non significant variables were removed and the goodness of fit of the reduced model
vs the complete model was assessed based on the maximum likelihood ratio test (LRT, Casella and
Berger, 1990) and AIC, AICC and BIC parameters (Verbeke, 1997). Finally, for the group of dairy
farms out of the 20 dairy farms used to derive the models (n=53), the gross income after feeding was
predicted based on the complete and the selected reduced models and compared by linear regression
against the observed values. Models were fit using the Procedure MIXED from Statistical Analysis
System (SAS Inc V9.1).

RESULTS AND DISCUSSION

The trend followed by key variables throughout years is presented in Table 1. As was stated in the
introduction dairy farms are yearly exposed to economical scenarios that differ severely. The method
described in the previous section is exemplified by the variable gross income after feeding. The
complete model included: fiscal year, farm size (has), stocking rate (SR, cow ha), production per cow
(L, liter per cow year), milk price (cents USS/L), pasture, conserved forage and concentrate intake (kg
DM), pasture, conserved forage and concentrate cost (U$S/Ton DM), the interaction L*SR, and the
second order terms SR*SR and L*L. Since, the terms farm size, L*SR and SR*SR were not significant;
we removed them to produce a reduced model (Model Reduced I, Table 2). The LRT test for
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comparing the complete vs. reduced model was not significant (p>0.55; Table 2) and the AIC, AICC
and BIC information criteria decreased which is desirable (Verbeke, 1997). After this evaluation, we
concluded that the removed variables did not affect the goodness of fit of the Model Reduced 1 when
compared with the complete model. As a second step we evaluate to remove the second order term L*L.
(Model: Reduced II) which was significant in the complete model. The LRT test was significant
(»<0.02; Table 2) and the AIC, AICC and BIC remained similar to the complete model values. We
conclude that the second order term L*L can not be removed without significant reduction in the
goodness of fit. Finally, regression analysis was conducted between predicted and observed values for
gross income after feeding with an independent set of dairy farms (n=53). Outputs exhibited an R-
Square of 0.90 and 0.91 with a coefficient of variation of 9.9 and 9.7 % for the complete and reduced |
models, respectively. We concluded that mixed models with repeated measurement in time constitute a
suitable tool to develop predictive functions for dairy farms exposed to different economical scenarios.
Best models can be selected based on LRT test and AIC, AICC and BIC parameters.
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Table 1. Evolution throughout years of mean (mean + SD) values of different variables.

Variable 2002/03 2003/04 2004/05 2005/06 2006/07
Milk price (cents USS/L) | 9.9+0.26 13.6£0.39 | 16.2+0.41 | 18.0+£0.54 | 18.5+0.68
Net Income (U$S/ha) 43.9+34.1 | 135.5£65.0 | 198.0+£79.7 | 231.2491.2 | 183.1+82.0
Farm size (ha) 216148 | 220+165 219+163 228+178 229+£176
Stocking rate (cow/ha) 0.89+0.22 | 0.92+0.29 | 0.95+£0.29 | 0.95£0.26 | 0.94+0.25
Milk Production (L/'VM) | 4237+770 | 4738+753 | 5308+£785 | 5357+899 | 52254775
NIAF (USS/VM) 244 +54.8 | 410+ 49.8 | 575+ 84.8 | 632+ 120.0 | 588 + 120.1

cents U$S= cents of USA dollars; L= liter; ha=hectare; VM= dry + lactating cows; NIAF= gross
margin after feeding; 2002/03= Fiscal year from July 1% 2002 till June 30™ 2003 (the same
abbreviations apply for the following fiscal years).

Table 2. Outcome of the model selection procedure applied to the variable gross margin after feeding

Complete model Reduced | Reduced II

-2 Log Likelihood 958.2 960.3 969.6
Variables removed 3 4
LRT-Chi square 2.1 11.4
Significance 0.55 0.02
AIC 998.2 994.3 1001.6
AICC 1008.8 1001.7 1008.2
BIC 1018.1 1011.2 1017.5

r 0.983 0.983 0.980

Akaike (AIC), and Bayesian (BIC) information criteria; r= correlation between the observed and predicted values.
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CO,; EMISSIONS IN DIFFERENT OILSEED RAPE CROPPING SYSTEMS
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INTRODUCTION

Carbon dioxide emissions and energy balances are important criteria to assess cropping
systems especially if energy production and carbon saving are in the focus. The motivation for this
project was to quantify both parameters in various cropping situations of oilseed rape in order to
evaluate the range in practical farming as well as in field experiments. Oil seed rape was choosen as
an experimental crop, because of its great importance for the production of bio-diesel in Europe.
Our results, however, are also relevant for other renewable crops as long as mineral nitrogen
fertilization is a major factor for determination of seed yield, however, the absolute level for energy
balances and carbon savings will vary between crops and cropping systems.

MATERIALS AND METHODS

For the calculations of the CO; and energy balances we have used the model REPRO, which
has been described in details by Deike et al. (2008a and 2008b). The calculations were based on
results from various long-term field trials as well as from practical farms in different regions of
Germany, which represent all major oilseed rape growing areas.

For the energy calculations the input side is dominated by the energy requirement for soil
tillage and nitrogen fertilization, whereas the calculation for the energy output is mainly affected by
the seed yield. Differences in the oil content only contribute very little to the differences in energy
balances in our results since variation between the field trials and also between the farms were
negligible. The model REPRO includes changes in the soil organic carbon content (SOC) induced
by the different cropping systems in the calculations. The results of the CO;-calculations are
dominated by the amount of fertilizer nitrogen applied, however, the major contribution here arises
from the nitrous oxide emission caused by the nitrogen application. In the calculations we have
used the IPCC approach to account for emissions of N,O.

RESULTS AND DISCUSSION

The most important result is the fact that in all rotations winter oilseed rape had a positive
energy balance. This occurred for the results from field trials as well as for practical farming
situations, however, the differences where quite considerable. Since the level of applied mineral
fertilizations had the greatest effect on energy balances, we have included a figure on the effect of
nitrogen on energy balances. In the figure the energy balances range from 23 to 51 GJ/ha.
Differences due to tillage intensity, however, were much smaller, since in the experimental field
trials only standard tillage practices were applied (mouldboard ploughing). In practical farming
situations (data not shown) the range of the energy balances was even greater, which underlines the
importance of optimization of cropping systems for energy production. The reason for the greater
range in practical faming was mainly due to a different tillage intensities, which include either
conservation tillage or mouldbourd ploughing. Zero-tillage was not used on the practical farms.
Additionally the differences in seed yield in the practical farms exceeded the variation measured in
the field trials.

The second major criteria for an assessment of cropping systems are the carbon dioxide
emissions per energy unit (GJ). Again, in the field trials, the nitrogen fertilization was identified as
a major factor, however, in this case the calculated nitrous oxide emission had the greatest
influence. All results on CO; balances show a CO; saving if oilseed rape is grown for biodiesel,
however, the differences between the various cropping systems were again quite considerably
ranging between 22 to almost 55 kg CO; ¢ /GJ. The comparison with the results from practical
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farms showed a similar range, since unlike with the results of the energy balances, the differences in
tillage practices did only slightly increase the range. On a rotational level, crop rotations including
legumes (i.e. peas or faba beans) show very favorable balances (data not shown) however the
problem arise how to relate those effects to single products within a rotation. A second problem
with legumes on the rotations arises from the calculation of nitrogen fixed via rhizobium bacteria
and if this nitrogen has to be included in the calculations of N,O emissions. In this short paper, we
cannot discuss the applicability of the IPCC approach to calculate nitrous oxide emission from
nitrogen fertilizers of via nitrogen fixation from legumes on a field level, however, what again
becomes clear from our calculations is the great influence of N,O emissions on the level of
calculated carbon dioxide savings. If a higher proportion of N,O emissions are attributed to mineral
nitrogen fertilization application, the whole concept of carbon saving via biodiesel — and other
renewable fuels - is debatable.

In general or results underline the potential for optimization of energy balances and CO,
savings on the field and the farm level. Calculations of the optimum level of nitrogen fertilization
have shown, that nitrogen fertilization in oilseed rape should be reduced of CO, emissions are taken
as a major criteria. If energy production is the major target, much higher mineral nitrogen
applications are necessary.
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INTRODUCTION

Integrating pea into cropping systems has agroranaind environmental advantages which are
linked to the capacity of the pea plant to fix agmloeric nitrogen, in turn available to the follogyin
crop (Munier-Jolain and Carrouée 2003). It alsovedl a diversification of the crops in systems
containing frequently cereals and oilseed rapes thudecrease of diseases and weed pressure.
Moreover,Pisum sativum L. species offers a wide range of winter and spaualgivars that should
enhance integration of pea in various types of fiagnsystems. However, spring cultivars, which
represent the major part of cultivars in Frenchdesuffer from high temperatures, water shortage
at the end of their life cycle and compacted swilcdures when they are sown too early. Winter
cultivars escape to thermal and water stress aritleof the crop cycle, but remain sensitive tgtfro
during winter. Seed breeders thus endeavour taecoestivars that have phenotypic characteristics
allowing to cope with climatic stresses and to ped® compacted soil structure. Further more, the
assessment process for registration of new cudtiveFrance relies on optimum field experiments,
which differ significantly from those encounteredreal production situations. Due to shortage of
working resources (labour and machinery) for insgariarmers often have to perform cultivation
operations at unsuitable climatic periods, leadimghe compaction of the soil structure which
affects yields (Vocanson 2006). The performancesthaf cultivars depend on the climatic
conditions during the crop cycle, but also on th@pananagement applied to the cultivar (sowing
date for example), itself depending on the globighaisation of the farm. In order to help breeders
identifying the characteristics allowing the besrfprmances, an ex ante evaluation, based on
modelling, can be useful. The paper outlines theukition model SILASOL developed to support
the design of pea cultivars. The originality of theodel lies in its capability to take into
consideration the interactions between biophysicatesses (crop growth, soil compaction) and
practical crop management concerns.

MATERIALS AND METHODS

The biophysical part of the SILASOL model is basedtwo existing dynamic models. The first
one, AFISOL (Vocanson 2006), is a climate-respangea growth model simulating the plant
development, biomass production and storage witiernvegetative parts of the plant and the seeds
(yield) and the frost resistance mechanism. Therstone, SISOL (Roger-Estrade et al. 2000),
estimates the dynamic evolution of the soil strieetcompaction or fragmentation) as a
consequence of mechanical operations, thanks tatieqs linking equipments features, hydraulic
dynamics and properties of soil layers. In addit&mple models simulating the water balance and
mineralization are designed for barley, wheat aitsked rape, which are the other crops potentially
interacting with pea production for resource demandhis case study. The re-engineering and
integration of these models have been done usingbgact-oriented simulation package called
DIESE that includes a discrete event simulationirengand an ontology-based modelling
framework (Martin-Clouaire and Rellier 2009). Thi®l has specifically been designed to support
the modelling of the interactions between a bioptalssystem (crop and/or livestock systems) and
its management by a farmer in relation with clima&ionditions. DIESE provides basic constructs to
represent management activities, their temporahromgtion in plans and their requirements for
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resources such as labour and equipments. The famagement and crop practices included in the
model come from interviews carried out with a farrfrem the North of France and an analysis of
his technical notebooks over the last fifteen years

RESULTS AND DISCUSSION

Presently, the main result of the project concéinesSILASOL model, essentially the biophysical
models and management plans for the different segjuences on the farmer’s fields. The first step
in building crop management plans is to make aiqdatrization of the generic concept of
operation involved in the crop production procgseughing, secondary ploughing, sowing, weed
killer spraying and harvesting. Each of these operations has properties suclpeedsfeasibility
conditions, required machinery resources and eftectthe biophysical system. For instance
secondary ploughing requires specific resources - a tractor and a ploufat determine its speed.
Its feasibility conditions refer to the soil huntidiproperties and thresholds above which mud
prevents proper use of the equipments. Its effetd isuppress compactness of the soil caused by
previous operations. In the second step we sp@cifgitive activities that are composite objects
consisting each of an operation (gbpughing) applied to a biophysical entity (e.g. a field) doye

or several workers. Among its essential propert@egrimitive activity possesses two conditions
defined by calendar dates or state-based conditibmsse conditions allow the execution of the
activity when it is relevant according to the farfeeobjectives and practices. For instance, the
activity pea-harvest involving theharvesting operation on a pea crop is declared relevant@s as
pea seeds reach their maturity and irrelevant aftgiven date. Then, the way the farmer grows
each crop on each field of his farm during a ysatdscribed by a sequence of primitive activities.
Finally, human resources (workers) are specifiedthiy constraints pertaining to their time
availability and the possibility for them to be eggd simultaneously in several operations or on
several fields. Since several crops are grown extsime time on different fields of the farm, the
demand for resources may be larger than the supply.

SILASOL simulates (i) the dynamic examination oé thctivities that are ready for execution, (ii)
the allocation of the farm’s resources, and fin&ily the execution of these activities. We sintala
the crop sequence over the duration of the rotatiarder to assess the pea performance (e.g. yield
variability) as well as the management practiceh waspect to a range of climate scenarios. Like in
any experimental approach, this type of virtuallesgtion requires the construction of a kind of
design experiments. The results obtained with theASOL model as a framework of virtual
experimentation are too preliminary to be repoitethis communication. SILASOL will be used
by farming systems researchers in partnership setd breeders to design pea cultivars that have
suitable features (e.g. flowering precocity, spekedrowth, seed weight) regarding real production
situations.
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INTRODUCTION

Because fruit-tree crops are perennial, the choice of production system, made at planting in the
context of resource constraints and unknown future prices, has overriding implications for yield and
fruit quality, and profit.

Sweet cherries have been exported for some time from South Patagonian to Europe, but prices
received by growers have been decreasing in the last few years. With the aim of identifying and
developing alternative fruit production systems and agricultural policy options to allow improving
income generation and sustainable use of natural resources, an EU-funded project, EULACIAS
(EUropean Latin American Co-Innovation for Agricultural Systems), started in 2007. The project was
based on a system approach and dynamic monitoring developed under a setting of social learning,
incorporating the concept of co-innovation as a core for farming systems action-research.

PROJECT APPROACH AND METHODOLOGY

The project focuses on pilot farms, which were selected based on a typology study. This typology
was performed through multivariate analysis, using eight classificatory variables: Cherry growing area
(ha), Plantation density (plants/ha), Irrigation system (percentage of the area with drip irrigation), Frost
control system (percentage of the area with sprinkling irrigation system), Permanent labor (number of
employees), Temporary labor (Days-work/year), Advising (0= no; 1 = occasional; 2 = permanent) and
Organization for packing (0 = no; 1 = associated; 2 = own packing facility).

Basic farm-level data were systematized in a database (INFOCHACRA), from which relevant
socio-economic farm-level indicators (used to evaluate sustainability) were calculated. INFOCHACRA
has been specifically developed in the framework of EULACIAS. It was based on bookkeeping
registers with which most of the growers were familiar, improving the chances of adoption not only by
technicians, but also as a farmer-level tool. The database allowed loading and systematizing farm-level
information of cherry (oriented) farms.

Following multi-attribute diagnosis, the re-design phase explored fully new farming systems. Since in
fruit production systems crops are perennial and the evaluation of impact of strategic decisions requires
long periods, models were used to evaluate them. A dynamic farm-scale optimization model called
OPTIFROP (Cittadini, 2007; Cittadini et al., 2008) was developed to generate alternative farm
development plans, by allocating, in the course of the time horizon of the run, production activities to
different land units, while optimizing different objective functions, subject to several constraints (Fig.
1). Variation in interests and aims of different stakeholders were considered (through a participatory
workshop that identified objectives, main problems and acceptable solutions) and a scenario approach
was used to analyze the consequences of eventual changes in external conditions. The model included
two objective functions at farm level: (1) maximization of the present value of cumulative financial
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result (FINANCIAL RESULT), which is the main objective for growers, and (2) maximization of
cumulative farm labor (FARM LABOR), which is an objective often mentioned by policy makers. The
maximum acceptable inter-months deviation for labor demand (i.e. LABOR DEVIATION) during the
period of high labor demands (November to April) was incorporated as an upper-bound restriction.
Input and output coefficients for the land use options considered in OPTIFROP were quantified using
the Technical Coefficient Generator FRUPAT (Cittadini et al., 2006).

PRELIMINARY RESULTS AND DISCUSSION

Based on the farm typology study, specific farm-groups were characterized. Besides, the farm-
level indicators allowed identification of critical aspects affecting farm sustainability of each farm-
group. Critical aspects such as environmental (e.g. wind erosion processes due to un-proper protection),
productive (e.g. low yield due to low LAI), commercial (e.g. low prices due to low quality and/or poor
organization) and social (e.g. highly seasonal labor demand due to monoculture) dimensions are
included.

OPTIFROP allowed identification of objectives that were conflicting (e.g. FINANCIAL
RESULT and LABOR DEVIATION) and those that were so to a very limited extent (e.g. FINANCIAL
RESULT and FARM LABOR). Results of the model indicated that, based on the objectives of the
stakeholders, sustainable farm-development plans are plausible. They should include more production
activities in order to reduce the high seasonality and risks involved in sweet cherry monoculture.
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Fig. 1. Structure of OPTIFROP, showing the main components, its inputs and outputs. The time dimension is
represented by the different connected planes. After: Cittadini (2007).
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NEW CROPPING SYSTEMSUNDER A FOSSIL ENERGY CONSTRAINT

Caroline Colnenne David®, Gilles Grandeau, Thierry Doré
INRA - caroline.colnenne@grignon.inrafr

INTRODUCTION

Due to the ever-evolving economic and agronomic context, new cropping and farming systems
are being proposed (Debaeke et al., 1996; Vereijken, 1997; Meinke et al., 2001; Reau & Doré,
2008). However, according to the decrease of the available fossil energy in the world, new
constraints such as less fossil fuel use are in the pipeline and need investigation. The objective of
our project involved three major steps. (i) designing new cropping systems from scientific and
expert knowledge according to a fossil energy constraint in addition to other environmental
objectives, (ii) assessing them using models, and (iii) implementing the most promising one in a
long-term field trial. The far-reaching objective is to improve cropping systems for arable crops in
northern Europe.

MATERIALSAND METHODS

Two type of cropping systems were designed:

(1) to reach environmental objectives (biodiversity preservation, prevention of groundwater
pollution by nitrate and pesticides, conservation of the quality of soil, and reduction of energy uses)
as well as either maximal production,

(2) to reach same environmental objectives and in addition to have a specific energy constraint, i.e.
to reduce by half direct and indirect fossil fuel consumption compared to the productive cropping
system.

These cropping systems have been based on the use of decision rules.

For each of these two cropping systems, different scenarios were defined and assessed using the
INDIGO tool (Bockstaler et al., 2008). The most relevant scenarios are currently being tested in a
field experiment in Grignon (78, France), started in 2008. The agronomical, environmental, and
economical performances of the cropping systems will be recorded over a 10-year period. The
monitoring of soil physical, chemical, and biological characteristicsis being carried out.

RESULTSAND DISCUSSION
Design of new cropping systems

A. The Productive with High Environmental Performances cropping system (PHEP). In order to
reach strict environmental goals, the current PHEP system has been designed following three
principles:(1) to include a long rotation to increase biodiversity (a5 year-one instead of the 3 year
rotation currently practised in the Ile-de-France region), (2) to include legumes, at least once in the
rotation, to reduce the amount of N used, (3) to use highly resistant varieties or species mixtures
associated with optima sowing dates and densities to decrease pesticides use as well as reduce
sengitivity to insects and diseases. Finally, the crop rotation of the selected PHEP system is faba
bean, winter wheat, winter oilseed rape, winter wheat, mustard as catch crop, and spring barley.

B. The cropping system with a fossil energy constraint (Less-Energy: L-EN). The L-EN
cropping system follows three principles: (1) to include as many legumes as possible (faba bean as
main crop, Trifolium as catch crop, and a legume-cereal mixture) and to use low N requirement
species (e.g., oat and flax) in order to decrease indirect fuel consumption due to mineral N
fertilization, (2) to reduce tillage to decrease fuel consumption (i.e., no mouldboard ploughing
allowed), (3) to decrease the target yield by 25% in order to reduce minera fertilization (N, P, K).
The crop rotation of the L-EN system is faba bean, winter wheat, winter flax, winter wheat-
Trifolium mixture, Trifolium as catch crop, and spring oat.

Ex ante assessments by model
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Performance assessment of the most relevant L-EN cropping system and PHEP system are
presented in table 1. Due to the decrease of N fertilization (-75%), the yield in the L-EN system is
25% lower than in the PHEP cropping system. The direct and indirect fossil fuel consumption
(including machinery, N P K fertilizations and pesticides) has been decreased by 48%, 23% and
36% expressed in MJha, MJq and MJ/protein units respectively compared to the PHEP cropping
system. For these two cropping systems, all the environmental indicators, calculated over a 10-year
period using the INDIGO tool, are higher than 7, which is the minimum value to be labeled an
environmentally-friendly system. The high number of species (more than 3) and theirs place in the
rotation, the low quantity of pesticides in the soil and in the atmosphere (less than 3 pesticides have
been used for each crop), the maintain of a high soil organic matter level (higher than 1.6% in the
region lle-de-France), the specific management of the P and N fertilizations (either in quantity and
in time of spreading) allow us to have fine values for biodiversity, pesticides, soil organic matter,
phosphorus and nitrogen indicators respectively (Bockstaller et al., 2008).

No results from the field experiment are available yet. The first and the second steps of the
program can nevertheless be discussed from a methodological point of view. (1) Scientific and
expert knowledge show that designing a L-EN system means a decrease in targeted crop yields. In
the selected prototype, we can cut in half energy consumption by accepting a 25% drop in targeted
yield. This trade-off is nevertheless still only virtual, and it will be particularly interesting to
observe the rea performance in the field. (2) As the energy constraint is expressed in reference to
the PHEP system, the performance of this system plays an important role. We have chosen a PHEP
system whose fossil fuel consumption is already |low compared to current farming systems. (3) Only
the main principles used for designing the cropping systems have been reported here. As the
experiment unfolds, the decision rules governing crop management will require fine-tuning which is
akey element of the research.
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Table 1: Direct and indirect fossil fuel energy consumption assessed for L-EN and PHEP cropping
systems through the INDIGO tool, calculated over a 10-year period

Direct and indirect fossil fuel energy
Meanyield | N-fertilisation consumption
o/halyear UN/halyear MJha MJ/q MJ/protein unit
PHEP 61 89 8 826 145 8.74
L-EN 46 22 4570 111 5.60
Ratio -25% -75% - 48% - 23% - 36%
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NEW CROPPING SYSTEMS UNDER A GREENHOUSE GAS EMISSION
CONSTRAINT

Caroline C9Inenne David®, Gilles Grandeau, Thierry Doré
INRA - caroline.colnenne@grignon.inra.fr

INTRODUCTION

Due to the ever-evolving economic and agronomic context, new cropping and farming systems
are being proposed (Debaeke et al., 1996; Vereijken, 1997; Meinke et al., 2001; Reau & Doré,
2008). However, new constraints such as less greenhouse gas emissions are in the pipeline and need
investigation. We have set up a 3-step project that entails: (i) designing new cropping systems based
on scientific and expert knowledge according to a greenhouse gas constraint in addition to other
environmental objectives, (ii) assessing them using models, and (iii) implementing the most
promising one in a long-term field trial. The far-reaching objective is to improve cropping systems
involving arable crops in northern Europe.

MATERIALS AND METHODS

New cropping systems were designed to reach environmental objectives (biodiversity
preservation, prevention of groundwater pollution by nitrate and pesticides, conservation of the
quality of soil, and reduction of energy uses) as well as either maximal production, or a specific
greenhouse gas constraint as follows: to reduce by half the greenhouse gas emission, compared to
the ‘productive’ cropping system, both by increasing C sequestration in the soil and decreasing N,O
emissions.

Environmental performances of the candidate scenarios were assessed using the INDIGO tool
(Bockstaller et al., 2008). C sequestration was estimated using the AMG model (Andriulo et al.
1999) and N,O emissions were calculated with different references (Gregorich et al., 2005). The
performances were calculated on a per ha basis.

The most relevant candidate for each cropping system is currently being tested in a field
experiment in Grignon (78, France), started in 2008. The agronomical, environmental, and
economical performances of the cropping systems will be recorded over a 10-year period. The
monitoring of soil physical, chemical, and biological characteristics is being carried out.

RESULTS AND DISCUSSION
Design of new cropping systems

A. The Productive with High Environmental Performances cropping system (PHEP). In order to
reach strict environmental goals, the current PHEP system has been designed following three
principles: (1) to include a long rotation to increase biodiversity (a 5 year- rotation instead of the 3-
year one currently practised in the lle-de-France region), (2) to include legumes, at least once in the
rotation, to reduce the amount of N-fertiliser used, and (3) to use highly resistant varieties or species
mixtures associated with optimal sowing dates and densities to decrease pesticides use as well as
reduce sensitivity to insects and diseases. Finally, the crop rotation of the PHEP system is faba
bean, winter wheat, winter oilseed rape, winter wheat, mustard as a catch crop, and spring barley.

B. The cropping system with a greenhouse gas constraint (Less-GreenHouse Gas: L-GHG). In
order to reach the objectives previously described, the principles of the L-GHG system are: (1) to
include as many cereals as possible (i.e., maize, winter wheat, winter barley or triticale) in order to
produce high amounts of residual straw; to forbid mouldboard ploughing; to keep continuous soil
coverage; and to target high yields; and (2) to include legumes and take into account climate
conditions when spreading N fertilisation. The crop rotation of the given L-GHG system is maize,
triticale, mustard as a catch crop, spring faba bean, winter oilseed rape, winter wheat, legumes-
cereal mixture as a catch crop, winter barley, and a legumes-oat mixture as a catch crop.
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Ex ante assessments by models

Performance assessment of the most relevant L-GHG and PHEP cropping systems under the lle-
de-France pedoclimatic conditions (i.e., soil organic matter = 1.6%) are presented in table 1. Due to
the specific species in the rotation and the level of yields, the C sequestration in the L-GHG system
is 24% higher than in the PHEP cropping system. Yet, the N,O emission in the L-GHG system is
8% higher than the PHEP cropping system because of the high N fertilisation required on the crops
to reach high yields. For both cropping systems, all the environmental indicators, calculated over a
7-year period using the INDIGO tool, are higher than 7, which is the minimum value to be labelled
an environmentally-friendly system (Bockstaller et al., 2008).

No results from the field experiment are available yet. The 1% and the 2" steps of the program
can be discussed from a methodological point of view. (1) The N,O emission assessment is very
uncertain due to the lack of N,O emission references from faba bean residues and the use of IPCC
coefficients to calculate N,O release from N applied. (2) The level of C sequestration highly
depends on cereal yields, difficult to estimate without any mouldboard ploughing: it will be
necessary to measure them in the field to confirm the interest of this cropping system for increasing
C sequestration. (3) The models and tool only partially take into account the fact that the fields are
constantly covered with crops: the impact on C sequestration in the soil is being measured. (4) Soil
organic matter highly influences cropping system capacity to reduce GHG emissions by C
sequestration: the extrapolation of such cropping systems to other fields should take into account.
(5) In a further step, the uses of machinery and agro-chemical have to be taken into account to allow
a full assessment of the GHG.

With all these uncertainties, an ex post assessment appears necessary to confirm the ex ante results.

REFERENCES

Andriulo A., Mary B., Guerif J. 1999. “Modelling soil carbon dynamic with various cropping
sequences on the rolling pampas.” Agronomie, 19: 365-379

Bockstaller C., Guichard L., Makowski D., Aveline A., Girardin P., Plantureux S. 2008. “Agri-
environmental indicators to assess cropping and farming systems. A review.” Agronomy of
sustainable development 28: 139-149

Debaeke P., Doré T., Viaux P. 1996. “Production de références sur les successions de culture.
"Expérimenter sur la conduite des cultures: 87-98

Gregorich E.G., Rochette P., VandenBygaart A.J., Angers D.A. 2005. “Greenhouse gas
contributions of agricultural soils and potential mitigation practices in Eastern Canada.” Soil &
tillage research, 83: 53-72

Meinke H., Baethgen W.E., Carberry P.S., Donatelli M., Hammer G.L., Selvaraju R., Stockle, C.O.
2001. “Increasing profits and reducing risks in crop production using participatory systems
simulation approaches.” Agricultural Systems, 70: 493-513

Reau R., Doré T. 2008. “Systemes de culture innovants et durables : quelles méthodes pour les
mettre au point et les évaluer ? ”Educagri Editions, Dijon, France, pp 175

Vereijken P. 1997. “A methodological way of prototyping integrated and ecological arable farming
systems (I/EAFS) in interaction with pilot farms.” Eur. J. Agron, 7: 235-250

Table 1: C sequestration and N,O emission (both in kg CO, equiv) assessed for L-GHG and PHEP
cropping systems, calculed over a 100-year period

Mean yield | N fertilisation | C sequestration N2O emission

g/halyear UN/ha/year kg CO; equiv kg CO; equiv
PHEP 60 92 46 567 34 151
L-GHG 70 100 57 567 36 815
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TARGETING FARM SCALE LAND USE CHANGE TO REDUCE
CATCHMENT SALT LOAD

HP Cresswell, E Wand, IH Humé&, JD Finlaysof, TL Nordblonf and M Glovet
'CSIRO Land and Wat§?NeW South Wales Department of Primary Industries,
Hamish.Cresswell@csiro.au

INTRODUCTION

In southern Australia, replacement of deep-root@mnial vegetation with shallow-rooted
annual crops and pastures has caused increasedrd@®gge, rising groundwater, and subsequent land
and river salinisation. Successful managementlofiga including getting adequate return on
investment into salinity mitigation is measuredhegt catchment scale. However, catchment scale
responses are the result of action by individuetee@paddock or farm scale. Much salinity reseanch
Australia has not adequately linked farm and ca@ftroonsiderations. This study, in south eastern
Australia, sought to assist farmers and catchmemiagers target land use change so catchment salt
and water targets could be met at least cost.

MATERIALSAND METHODS

Simmons Creek is located at the eastern edge ®&itlezine Plain, north east of the township of
Walbundrie in southern New South Wales, Austrajgproximately 98% of the 178 Kntatchment is
used for agriculture, mainly mixed cropping. Lofaimers helped identify 8 broad classes of land use
Typical gross margins were calculated for each aorept (e.g. wheat or lucerne) of each land use
which were averaged over ten years to produce anahigross margin ($/halyear). The Agricultural
Production Systems Simulator (APSIM) (Keating et 2003) was configured to simulate the
crop/plant growth and water balance of each ofahd use scenarios on each of five soil typesdi.e.
matrix of 8 land uses x 5 soil types). Simulatiossed historical climate data from 1891 to 2006 (116
years). The APSIM model supplies estimates of rilipdoainage and gross margin from each land use
and soil to a linear programming (LP) model.

The LP model calculates minimum-cost changes id lge to attain specified targets of future
salt-loads and water-yields from the catchment. Mbeel incorporates 13 sub-catchments with
various levels of connectivity reflecting the coptialisation of the catchment’s hydrology (Engleth
al., 2002). Within sub-catchments, the model actofor lateral fluxes of surface water down-slope
thereby changing the productivity and water balasfdbe land receiving run-on. In the lower
(southern) Simmons Creek, deep drainage beneatih+easchment results in discharge at a specified
fraction of the salinity of the associated grountéra

The LP modelling analysed: 1) Return from curranidl use extent and distribution, 2) Changes
to current land use extent and distribution thatidanaximise farm income (i.e. maximise catchment
gross margin) while maintaining current salt expand 3) The progressive changes to current laad us
extent and distribution that would be requiredléast-cost reduction from current estimated sgibex
to zero (in 1000 t salt/year steps).

RESULTSAND DISCUSSION

The model selects an arrangement of land use tha¢gves as much highly productive and
profitable agriculture as possible whilst addregsalt load and water yield targets. Seeking great
reduction in salt load shifts land used for pasinte tree growing, and then as a last resort, lesetl
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to grow highly profitable rotational crops is shiftinto growing trees. Shifts in land use to redsalée
export from the catchment progressively reduce fiacome from the maximum catchment gross
margin (~$3M) - although the reductions in grossgimaare modest (< 5%) at least until salt load has
been reduced by ~50%. The marginal cost (cost ér @era tonne of salt load reduction) of reducing
salt load gets progressively more expensive asagreaductions in salt load are sought.

Most of the land use change (both in area and dg¢greygested by the modelling is in a few sub-
catchments in the south of Simmons Creek catchritéetse are the sub-catchments with saline
groundwater and where deep drainage reductiorhaile the most direct impact in reducing salt load.
The changes are to replace cropping rotations tnethplantations in saline catchments and to mainta
water yield by adopting higher water yielding lamgks in non-saline catchments. In both cases the
changes result in significant loss of income. Tlegamty of the cost of salinity management withie t
whole catchment would be on only a few farms; #s of the catchment remains unaffected until high
levels of salinity mitigation are sought. Howev&nce our analysis estimates the cost of thegk lan
use changes, it could form the basis to negotiage share between the relevant parties.

There is considerable uncertainty in the ‘curréatseline salt load contribution from Simmons
Creek catchment. This translates to uncertaintiiénunit cost ($/t) of salt mitigation. The sequent
land use change for least-cost meeting of saletangmains the same, no matter what value is
assumed for baseline salt load.

The careful targeting of changes in land use isrdgd for cost-effective salinity mitigation in
this landscape - there are many locations in Singn@neek catchment where land use change would
not be effective. In fact, land use change to aghreductions in salt load could easily cost mbeant
the apparent value of benefit derived. This sitratian be avoided by undertaking appropriate
economic analysis as part of salinity managemeartrphg. The bio-economic modelling developed
here enabled: quantification of where land use gbhas needed, the nature of the change in land use,
and the extent of change needed to meet giventgalimd water yield targets at least economic cost.
The modelling identifies inequities in cost shai#im the catchment and informs choice of land use
options but should not be seen as providing anya$qarescription for land use change.

An essential prerequisite for this type of analysigrior investment in understanding the
catchment basics - including the hydrogeology stiwace and groundwater hydrology, the pathways
by which salt is being mobilised, the current larsé, the distribution of soils, and landholder céya
to change.
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EVALUATION AS A TOOL FOR
RESOLVING AGRICULTURAL CONFLICTS

Kara S. D. Crohn David Crohn Mary L. Bianchi
Independent Evaluation University of California, Riverside University of California
Consultant David.Crohn@ucr.edu Cooperative Extension
INTRODUCTION

Evaluation is an established discipline that was professionalized in the late 1960’s, emerging in
response to governmental demands for program accountability. The profession has since evolved into
an academic discipline with professional associations across the globe, many peer-review journals, and
doctoral programs often situated in schools of education, psychology, public policy, and public health.

Evaluators ethically and systematically collect information about a project, program, system, or-
ganization, etc. That information is used during the evaluation process and afterwards to make deci-
sions about what is working well, what needs adjustment, and to identify possible alternatives. Evalua-
tion designs may combine experimental, quasi-experimental, ethnographic or other qualitative ap-
proaches. Evaluators may conduct one-off studies to assess program impact or they may help organiza-
tions build evaluation into management systems. Evaluative techniques are also useful for ensuring
program plans are well-designed with measurable results, for securing funding, and for resolving con-
flicts. In the case discussed below, an evaluation was conducted to foster collaboration between com-
peting groups. It served as a unifying force in defining future research and organizational priorities.

On 15 Aug. 2006, an infected spinach crop was harvested along the Central Coast of California. By
the following January, this harvest had been linked to three deaths and 205 illnesses as a result of E.
coli O157:H7 contamination. In the interim, product recalls and public concerns resulted in substantial
financial losses to growers, processers, and marketers of leafy greens. Wildlife, in particular feral pigs,
were suspected of vectoring the E. coli from neighboring ranches. To protect their investments and
public health, many larger buyers pressured growers into removing vegetation and standing water near
their fields since it was thought that those areas might attract infected wildlife. Because agriculture is a
significant source of pollutants in Central Coast surface water, and because much of the vegetation and
the standing water to be removed had been installed to prevent sediment losses into open water, their
removal created a conflict with agencies charged with protecting water quality. Little information was
available on co-management of water quality and food safety however, and the conflict quickly inten-
sified as growers complied with the wishes of

In the wake of the spinach scare of 2006, an April 2007 conference in San Louis Obispo brought
together people representing a variety of public, private and governmental organizations to increase
understanding and cooperation among those with a vested interest in water quality or food safety. The
first half of the conference focused on sharing current research and policies from each side. On the
second afternoon small groups of participants representing both food safety and water quality concerns
performed audits of local farms according to the other side’s criteria which proved instructive and
challenging for both sides (Crohn and Bianchi, 2008). On the third and final day of the conference par-
ticipants discussed common research priorities and ways to collaborate. These discussions served as
the first round of the Delphi process, discussed below, helping participants hone research priorities.

MATERIALS AND METHODS

A third-party evaluator with conflict resolution experience was sought to facilitate discussions
and document progress. A request for proposals was posted to the American Evaluation Association’s
listserve and interested respondents were interviewed and asked to submit a brief description of sug-
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gested evaluation approaches. The evaluator was selected based on his academic credentials, demon-
strated creativity, and experience. He helped refine the conference goals and suggested a Delphi
process, an evaluation method often used to generate consensus in contentious situations. The Delphi
began on the third day of the conference with the intention of eliciting consensus across the two groups
on the top three research priorities, the organization of future research, and the various agencies that
should be collaborating on research and projects.

The underlying question driving the evaluation was “What is the science that is available to help
us decide on best co-management practices and where are the holes in the research that need to be ad-
dressed most urgently?” Results were documented through the evaluation. The Delphi method elicited
some agreement on key research priorities and ways to continue collaborative work among key agen-
cies and organizations. The second and third rounds of the Delphi were conducted after the conference
via Web surveys. In response to the first survey, 43 out of 69 conference participants answered ques-
tions regarding research priorities identified at the conference. The evaluator culled out those research
ideas with little consensus and those of least priority. He categorized the remaining research ideas into
lists of short- and long-term priorities and by three research categories: pathogen vectors and path-
ways, mitigation and management practices, and risk management. Through the second Web survey,
35 of the 69 conference participants ranked the research priorities and also identified organizations and
individuals that should lead research and project activities. The evaluator sorted the responses into cat-
egories and identified the top two results in each. Another organizer, noting that some items received
both very high and very low support, then used a method borrowed from the decision sciences to rank
all of the significant responses. Results were shared in an online report by the conference planners.

RESULTS AND DISCUSSION

The conference planners had little to no previous experience working with a professional. In de-
signing an evaluation, one conference planner noted that she typically focuses on the product of a pro-
gram, answering questions like: Does it work? What information was gained? Did we see a behavior or
policy change as a result of a particular program theme? They had not previously considered evalua-
tion as a tool for conflict resolution and, as such, some time at the beginning of the process was dedi-
cated to clarifying what evaluation is and how its techniques can be applied.

Evaluation results showed that food safety and water quality constituencies have differing priori-
ties and but did not disagree on the types of research that are needed to resolve the conflict. One confe-
rence planner is confident that a particularly important conversation led to some changes: The field
portion of the conference was a defining moment for many conference attendees, helping them truly
understand the others’ perspectives. On the bus on the way home from the field visit two national pro-
gram leaders for Cooperative States Research Education and Extension Service, one focused on food
safety and the other on water quality, talked for the first time about co-management. The next year,
their office called for research proposals with an emphasis on co-management. With additional funds, a
follow-up evaluation could systematically assess how the conference is influencing participant’s think-
ing and plans. This kind of information would be valuable to organizing committees, funding agencies
and researchers in understanding the extent to which: (1) co-management research and projects
stemmed from conference, (2) what kinds of research and projects are currently underway, (3) which
topics have yet to be undertaken, why, and what barriers must be addressed, (4) when another confe-
rence would be productive, and (5) how participants could exchange ideas in the mean time
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INTRODUCTION

Farmers world around are increasingly committed to the application and demonstration of
environmental management practices applied to their farming systems. Whether or not implicated with a
variety of best practices arrangements or eco-certification schemes, the impact assessment of rural
activities has become a priority for guiding sustainability. Numerous environmental impact assessment
(EIA) methods have been developed to meet this demand, both as auditing procedures for third party
conformity evaluations and as environmental management systems to aid farmers’ decision making.

In the ample majority of cases, EIA methods rely on performance indicators and, according to the
scale and required complexity level, the ensuing agricultural performance statements address particular
aspects such as pesticide contamination risks and input-output balances, up to the integrated
environmental and socio-economic performance of farming systems. Beyond agricultural performance
evaluations, the integrated farm sustainability approach offers procedural advantages for environmental
management — for it is at the rural establishment scale that production practices and technology adoption
decision-making takes place.

Methodological alternatives for integrated farm sustainability assessments have been made
available, most often involving specific cropping systems and special market affiliations such as organic
farming and integrated production programs. The present paper details the *system for weighted impact
assessment of rural activities’” (APOIA-NovoRural; Rodrigues and Campanhola, 2003), devised to
promote the environmental management of rural establishments, applicable to a variety of socio-
environmental contexts and spatial scales.

Eight case studies carried out with the methodology are briefly reviewed, attesting to the
malleability of the approach and its applicability as an integrated environmental management tool for
rural establishments and its extension to promoting local agricultural productive arrangements and
territorial sustainable development.

DESCRIPTION OF THE APPROACH

The presently proposed method considers the general framework of EIA science, as to observe and
integrate the (1) pressure premise: be adaptable to imposed impacts, according to local socio-economic
contexts, environmental conditions and production scales; (2) the state premise: express the effects of
changes on the quality of the environment and natural resources, including social, economic and
ecological concerns; and (3) the response premise: offer the basis for issuing recommendations for
decision making on alternative management practices and agricultural technology adoption.

The APOIA-NovoRural system has been developed observing the following objectives: (i) allow
practical assessment of the most diverse rural activities with objective, quantitative indicators, applicable
in varied environmental settings at the specific scale of the rural establishment; (ii) integrate ecological,
sociocultural, economic and management aspects pertaining to local sustainable development; (iii)
express results in a simple and direct manner to farmers, rural entrepreneurs, decision-makers, and the
general public; (iv) facilitate the detection of critical control points for management correction; (V)
provide a user-friendly interface and integrated sustainability index. The system consists of 62 indicators
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integrated in five sustainability dimensions: i) landscape ecology, ii) environmental quality, iii)
sociocultural values, iv) economic values, and v) management and administration. The indicator level
assessment results offer a diagnostic tool for farmers and managers, pointing out specific attributes of the
rural activity that may be failing to comply with defined benchmarks. The output integrating indicators by
each of the five considered dimensions shows decision-makers the major contributions of the rural
activity toward local sustainable development, facilitating the definition of control actions and promotion
measures. Finally, the aggregated ‘sustainability index’ is a yardstick of environmental performance,
offering a straightforward eco-certification tool for rural activities.

RESULTS AND DISCUSSION

To date, a total of 139 rural establishments have been studied in formal, fully documented
research projects, in addition to numerous evaluations carried out in training programs, graduate courses,
and project preparatory trials. These assessments have included from very small (2-5 ha), subsistence
family landholdings, to medium size (~100 ha) family farms; and from commercial farms of different
scales, to large (600 — 3000 ha), productively diversified and technologically advanced agribusinesses.

Varied rural sectors have been included in these projects, both typically agricultural such as
horticulture, grain production and dairy farming; and non-agricultural such as agro-tourism, fee-fishing,
carcinoculture, and artisanal mussel / crab fishing. Also, different social arrangements have been
adaptively approached, including traditional communities (and indigenous groups), agrarian reform
farmers, cooperative groups and farmers involved in special local productive arrangements in
governmental programs. Subject to minor adaptations and calibrations, the system has been applied in the
most varied socio-economic and physicochemical environmental settings, from the equatorial Amazonian
region to the temperate pampas.

Comprising ecological, sociocultural, and economic (including management and administration)
dimensions, integrated into an objective measure of rural activities’ contributions toward local sustainable
development, the APOIA-NovoRural system is straightforwardly applicable by trained researchers and
technicians, allows the active participation of farmers / administrators, and facilitates the storage and
communication of information concerning environmental impacts. The computational platform is readily
available and allows issuance of easy-to-interpret printable graphic outputs. A template is available for
the formulation of ‘Environmental Management Reports’, facilitating recommendation of practices and
technologies for correction of faulty indicators and promotion of positive ones.

The results regarding the performance of the studied activities according to particular
environmental indicators offer a diagnostic tool for farmers / administrators, pointing out how the
activities may comply with defined environmental standards and socioeconomic benchmarks.
Additionally, the indicators show a measurement of the relative variation and temporal tendency of
impacts imposed by agricultural practices, indicating corrective courses of action for management.

The results combined according to the integrated dimensions provide decision-makers with an
overview of the effects, both positive and negative, of rural activities on local sustainable development,
facilitating the selection and recommendation of incentive policies or control measures at the local
community level. Finally, the ‘sustainability index” can function as a measure of the contributions of rural
activities to local development, meeting the demands of farmers, administrators, decision-makers and
rural organizations, pursuant to defined objectives of integrating ecological integrity, economic vitality
and sociocultural equity measures for local sustainable development.
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INTRODUCTION

It has been a common practice to evaluate the performance of agricultural development and
technology adoption according to economic, technical, and political criteria. However, the recognition of
wide-ranging environmental impacts of agriculture makes mandatory the incorporation of sustainability
criteria in performance evaluation. The environmental accounting techniques proposed by H.T. Odum
offer a systemic approach to decide on agricultural practices intensification / diversification and
technology selection / adoption, allowing consideration of questions concerning the sustainable use of
natural resources, the tradeoffs between improvement and growth of economic activities, environmental
conservation, and the fair sharing of wealth among the social groups involved.

The “Sustainability Assessment Methodology Framework’ (SAMeFrame — Rodrigues et al., 2002)
presented in this study is a tool for carrying out the environmental accounting of energy and material
flows in agricultural and livestock production, integrating the individual farm scale, the regional insertion
of the farm at the county scale, the systemic evaluation at the country level and the insertion and impact
of agricultural production in the national economy. Based on such a ‘systems agriculture’ approach, a
series of performance indices is obtained for all scales and expressed in numeric and graphic formats,
facilitating circumstantiated assessment of, e.g., renewable/non-renewable resources use ratio,
environmental loading ratio, and general systems sustainability.

DESCRIPTION OF THE APPROACH

SAMeFrame comprises a set of integrated spreadsheets for accounting the emergy balances from
the agricultural and livestock production activities at the farm level, the regional insertion of the farm at
the county or State level, and the systemic evaluation of the country and national agriculture. Data needed
to fulfill the requirements of SAMeFrame at the macro scales (country through county) are obtained from
the national, regional, and agricultural censuses, while micro-scale data are obtained directly from
individual farm records. Results of the assessment for each scale considered are expressed in emergy flow
diagrams (as solar emergy Joules — seJ), summarizing resource use ratios and sustainability indices.

The emergy evaluation of the country establishes the large-scale resource base and economic
setting for all productive activities developed in the smaller scales, and must be the first step in the
sustainability assessment. The overall energy use and emergy evaluation of the country are combined
with the market values of imports, exports, and money flows to define the emergy/money ratio for the
national economy. This emergy/money ratio influences all production activities within the country, as
well as the exchanges of goods and services between countries.

The general emergy analysis of the country offers the basis for assessing the National Agriculture
and Livestock Production System, which sets the economic and the resources environment for the
insertion of the local agriculture and individual farms. This stepwise scaling of rural productive activities
determines how the local production of individual farms can match the emergy investments characteristic
of the whole country, and better rely on special local conditions to improve sustainability.

In the present study the national economies and the agricultural emergy flows in Brazil and the
USA have been analyzed (year 2000 basis), as examples of the sustainability assessment approach offered
by emergy analysis and the broad-scale environmental accounting provided by SAMeFrame.
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RESULTS AND DISCUSSION

Environmental performances, as expressed by resources dependency, are shown to be strongly
influenced by agricultural product diversification and by the environmental and economic resources bases
of the two economies, with the USA being more dependent on man-made and non-renewable resources.

With total national emergy used equal to 1.18E+25 seJ year™, being 1.72E+24 seJ from renewable
resources, 6.80E+24 seJ from non-renewable resources and 3.26E+24 seJ from imported sources, for a
throughput of 2,39E+24 seJ, the USA economy showed 72% of emergy use from home sources, 15% of
which are locally renewable, a ratio of concentrated (human-economy) resources to rural equal to 2.13,
‘empower density’ (emergy use ha™) of 1.25E+16 seJ and an emergy use per capita of 4.18E+16 seJ.

For Brazil the total national emergy used equaled 5.17E+24 seJ year™, being 2.77E+24 seJ from
renewable resources, 1.72E+24 seJ from non-renewable resources and 6.83E+23 seJ from imported
sources, for a throughput of 7.19E+23 seJ, being 87% of emergy use from home sources, 54% of which
locally renewable, with a ratio of concentrated (human-economy) resources to rural equal to 0.37,
‘empower density’ (emergy use ha™) of 6.07E+15 seJ and an emergy use per capita of 3.05E+16 seJ.

The USA national crop production amounted to 3.05E+19 J, the livestock production amounted to
7.86E+17 J, with transformities equal to 1,42E+05 selJ J' and 1.88E+06 sel J*, respectively,
corresponding to empower densities of 3.50E+16 seJ ha™ for crop and 7.52E+15 ha™ for livestock
production, with 44% and 38% based on renewable resources, respectively.

The national crop production for Brazil amounted to 6.55E+18 J, the livestock production
amounted to 1.91E+17 J, with transformities equal to 6.52E+05 seJ J* and 1.24E+06 seJ J*, respectively,
corresponding to empower densities of 6.55E+16 seJ ha™ for crop and 1.21E+15 ha™ for livestock
production, with 70% and 29% based on renewable resources, respectively.

These data indicate that urban and quite intense agricultural activities (high empower densities)
are diluted in the very large natural and range areas occurring in both countries (explaining the smaller
empower densities for the whole economies as compared with agricultural empower densities), while
livestock production is much less intense, especially in Brazil (just 16% as intense). Also, the analysis
shows that the Brazilian agricultural sector relies more heavily on natural and renewable resources,
reaching net emergy ratios (return on emergy investment) of 13.4 and 1.41 (for crop and livestock), as
compared to 6.27 and 1.26 for the USA. These attest to a comparatively more efficient agricultural sector
in terms of resources uses in the Brazilian economy.

Contrasting with economic benefit-cost analyses normally carried out to assess the performance of
agricultural activities and technology contributions toward sustainability of farm systems, which are
highly influenced by transitory aspects of the market and do not account for environmental issues in
general, the integrated emergy assessment made possible by SAMeFrame explicitly considers the cross-
scale matching of environmental and purchased input uses. Accordingly, the results obtained with
SAMeFrame point out that soil and water conservation practices (to warrant needed natural resources) are
crucial for sustainability, and that these practices should be greatly stimulated.

However, resources for such are difficult to come by because, even with contrasting contexts
regarding resources uses, in the two countries studied the energy flows (emergy) characteristic of rural
areas impose that both the farms and the national agriculture function as net providers of large amounts of
wealth to the urban markets.
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INTRODUCTION

Farming Systems developed in Humid Tropical Zones are frequently characterized by a
combination of perennial and annual plants, intermixed in complex tree-crop associations. The productive
functioning, the agronomic and economic performances, and the sustainability of these Agroforestry
Systems (AFS) remain poorly understood, although they continue to ensure the livelihood of large
portions of rural populations in the tropics. To improve the management capacity of these complex AFS,
adequate indicators must be developed and integrated in assessment systems that harness a very diverse
set of biophysical, economic and social data, and organize them into synthetic, understandable
recommendations. These may then be used to account for and elucidate the relationships and tradeoffs
among concurrent indicators in order to aid farmers, assisted by their extension agents, in making
decisions regarding management practices (Rodrigues et al. 2009).

The present study focused on the performance assessment of AFS in the South West Region of
Cameroon, aiming at (1) proposing an integrated indicator system directed at aiding farmers in their
decision making on management practices and (2) contributing toward sustainability evaluations of
traditional agroforestry systems.

MATERIALS AND METHODS

The present study focused on the agroforestry systems developed by 38 farmers in the South West
Region of Cameroon (Kumba and Bombe-Malende zones), which were surveyed for a large set of
variables, aiming at formulating a ‘Traditional Agroforestry Performance Indicators System’ (TAPIS).
This region falls within the rainforest area, has a marked rainy season, and high mean annual
temperatures. Soils are ferrallitic with patches of fertile volcanic areas, and altitudes varying from 25 to
400 m toward the North. The exploitations existing in the area are permanently occupied (no fallow)
small areas integrating main perennials (cocoa, oil palm and rubber trees), food crops (plantain, manioc,
yams, maize, banana, etc.), native trees, ornamentals and medicinal plants (not considered in the surveys).

Two sustainability dimensions, agro-economic and agro-ecological were defined for parcel
performance ranking, each comprised by a set of eight meaningful indicators, as follows:

Agro-economic dimension indicators: (1) Income; (2) Input expenses; (3) Pesticide independence; (4)
Hired workforce independence; (5) Family workforce engagement; (6) Total workforce independence; (7)
Internal gross added value, and (8) Total gross added value.

Agro-ecological dimension indicators: (1) Harvest; (2) Area equivalence index; (3) Soil resource use
index; (4) Productive diversity; (5) Diversity of associated arboreal species; (6) Adventitious plants
controllability; (7) Beneficial adventitious plants and (8) Adventitious plants infestation control.

The composition of these locally meaningful indicators ensued from (i) a regression significance
analysis of the broad set of field variables surveyed, (ii) the experience attained by contact with the
farmers and the local reality, and (iii) a review of integrated indicators systems for environmental farm
(and AFS) management (for details see Rodrigues et al., 2009). Accordingly, agro-economic indicators
were devised to appraise attributes of cash flow, work dedication, expenses and profitability. Agro-
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ecological indicators were, on their part, devised to cover the essential biophysical efficiency attributes of
productivity, land use, productive diversity and weed competition.

RESULTS AND DISCUSSION

With sizes ranging from just 1,000 m? up to 4.0 ha, all studied plots were densely packed with a
diversity of annuals and seedlings of perennial crops in the implantation phases, progressing to still dense
plant stands even when main crops reached production; with the exception of rubber tree-dominated plots,
which tended to almost exclude annuals after onset of latex extraction.

The aggregated results for the mean performance indices in TAPIS across all plots showed that no
farmer obtained combined agro-economic and agro-ecological indices to be ranked within the upper
performance quartile for the two dimensions considered in the indicator system. This result implies, on
the one hand, performance unevenness among farmers within each of the indicators; and on the other,
important tradeoffs among indicators for all plots.

Observation of the distribution of main crops and their development stages showed that there were
no evident clusters determining performance trends. This means that the variety of crop combinations,
associated production stages, and practices adopted in the different plots were more important in
determining performance, as indicated by TAPIS indicators, than the main crop alone, while a significant
relationship still existed between the sets of agroeconomic and agroecological indicators.

One-fifth of the plots gave agro-economic mean performance indices above the 0.5 level, with the
best performance indices being related to Pesticide independence (measured according to expenses, hence
an agro-economic indicator), Total workforce independence, and Hired workforce independence,
indicating that low expenditures were directed toward pesticide inputs and hired worker recruitment.
These indicators were inversely and significantly correlated with the level of Income and Added value,
which in turn were directly correlated among themselves, meaning that those who obtained better
incomes tended to rely on higher investments.

Regarding the agro-ecological indicators, and with only one exception, all plots ranked in the
lower performance quartile. Only the Adventitious plants infestation control indicator reached a mean
value above 0.5, which is interpreted as a tendency for an adequate management situation, as suggested
by a significant positive correlation between this indicator and the Adventitious plants controllability.
This latter indicator, itself related to a low diversity of weeds, was significantly but inversely correlated
with the presence of Beneficial adventitious plants. This strategy seems logical as weeding is a major time
consuming practice and usually a constraint for farmers. The Area equivalence index was the second
highest agro-ecological performance indicator, being related to a high level of crop association.

Confirming the performance results and the tradeoffs observed for the agro-economic indicators
for the whole group of plots, with mean Income and Added value indicators being low, the total Harvest
indicator showed the lowest mean agro-ecological performance index, implying that the majority of the
plots had dense plant stands (high AEI) consisting mostly of still immature crops, resulting in a low mean
Soil resource use index (0.31). In fact, only 15 of the 38 plots already had the main perennial crop in
production stage. A modest Diversity of associated arboreal species (0.33) indicated a relatively low
importance of non-crop, spontaneous tree species conserved in the plots.

With this kind of interactive indicator analysis and interpretation, TAPIS offers farmers, extension
agents and researchers a tool for interpreting and deciding on management options and resource
allocation strategies, as well as an approach for better understanding tradeoffs in traditional agroforestry
systems.
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INTRODUCTION

Banana is the second most important agricultural commodity in Guadeloupe (French West
Indies—FWI). It represents 24% of local agricultural production, 12% of the total cultivated area, and
generates about 5000 direct jobs. For several years this sector has been facing severe environmental and
economic crises, mostly due to market liberalization that has prevailed during the last 15 years, causing
the price of bananas to decline by an average rate of 1.4% per year, often compelling farmers to intensify
their production systems in order to maintain their income. Looking for higher productivity, farmers have
increased the use of technological inputs such as intensive use of machinery, fertilizers, pesticides, and
irrigation, that push energy flows through the agro-ecosystem to unsustainable levels.

The intensive use of technological inputs in banana production in the FWI has been associated
with severe impacts on the environment, because the systematic use of ploughing and pesticides has led to
chronic contamination of soils and waters by organochlorine compounds like Chlordecone. The reported
contamination problem has in turn contributed to a decrease in soil biological diversity and consequent
reduction in fertility, while contaminating drinking water sources. These environmental costs or the
externalities of such detrimental environmental impacts of agricultural practices are typically unmeasured
and often do not influence farmers’ or societal choices regarding agricultural production practices.

The goals of the present study are: (1) to compare the different banana cropping systems in
Guadeloupe with regard to: resource use, productivity, environmental impact, and overall sustainability;
(2) to evaluate the eMergy signature of the banana production as a whole in the region; (3) to contrast an
ecocentric analysis (eMergy) with an anthropocentric analysis (economic) of the banana cropping systems
and determine their respective tradeoffs; and (4) to highlight points where innovations might result in
greater improvements toward overall sustainability of banana cropping systems in Guadeloupe.

MATERIALS AND METHODS

In Guadeloupe, six different cropping system types for banana production have been identified: (1)
Lowland intensive small farms; (2) Lowland intensive medium farms; (3) Lowland intensive large farms;
(4) Flat uplands intensive medium farms; (5) Highlands moderately intensive small farms and (6)
Highlands extensive small farms. Each type described above has been translated into a hypothetical farm
that represents the average flows of resources and outputs for all farms in the type class.

After quantifying annual flows for each component and cropping system in physical units (i.e.,
joules, grams, US$), these values were normalized for area (1 ha) and translated into eMergy units (solar
eMergy Joule - seJ) through previously calculated transformities for each item. For some components and
products, different transformities had been derived in different contexts, so the transformity calculated
under the most similar conditions to those observed in the studied situation has been selected.
Furthermore, each component or production item was classified whether it is a renewable resource (R), a

T eMergy (spelled with a “M”) is defined as the total energy of one kind (usually solar equivalent)
directly and indirectly in the work of making a product or service (Odum, 1996; Odum et al., 2000).
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local non-renewable source (N), a resource purchased from outside (P) or an exported product (Y).
Several performance and sustainability indices have been calculated for the different cropping systems.
These indices (Transformity, Mass-eMergy, Fraction renewable, Environmental loading ratio, eMergy
investment ratio, eMergy yield ratio, eMergy exchange ratio and eMergy sustainability index) summarize
the systems’ resource use intensity, process efficiency, economic—environment interactions and quantify
sustainability (Rodrigues et al., 2002). Additionally, aiming at improving managerial capacity and
investment decision making, the environmental performance results obtained were contrasted with
economic analysis for the six cropping systems.

RESULTS AND DISCUSSION

As a general outcome, the analyses showed that the better the environmental performance of the
cropping system, the worse its economic performance. This result was corroborated by an increased
contrast among cropping systems as related to their dependence on purchased inputs, although all
cropping systems followed the same intensive and arguably wasteful agricultural model. Therefore, the
analyses point out that sustainable banana production in Guadeloupe depends on a shift from the high
fossil input model to a natural resources intensive one.

In this sense, eMergy flow analysis showed that innovation toward environmentally sound
practices that would enhance nutrient cycling; integrate weeds, pests and diseases control; and improve
the banana packing process might result in most positive impacts on overall sustainability.

Economic analysis showed that the high labor and input costs, as well as post-harvest processing
contribute largely to the dependency of banana production on agricultural subsidies. These issues stem
from European Commission’s regulations on quality standards for commercial bananas that, by imposing
strict aesthetic benchmarks, have had a negative effect on the sustainability of banana production; because
substantial nonrenewable and purchased eMergy inflows into banana production systems aim to impose
improved aesthetic standards over sound ecological management.

Therefore we may conclude that reorienting the current European agricultural income policy to an
environmental performance-based subvention might be a policy opportunity to achieve the present socio-
economic goals while promoting sustainability in banana production.
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INTRODUCTION

The most challenging key questions for the development of new varieties for low input farming
systems, relate to both the genetic resources to be used for selecting new genotypes, and the selection
criteria suitable to predict the future performance and stability of those genotypes.
The likely outcome from breeding major cereal crops such as wheat, using intraspecific genetic
variation and quantitative traits as selection criteria, is one of small increase in genetic progress despite
considerable research investment. Transfer of genes between wheat species, will be more promising,
and may occur by: (i) crossing the tetraploid durum wheat Triticum turgidum ssp. durum (Td) with the
hexaploid wheat T. aestivum ssp. aestivum (Ta) (Lanning et al., 2008), or (ii) crossing synthetic
hexaploid wheat lines (developed from Td x Aegilops tauschii D genome donor) to elite hexaploid
wheat cultivars. The first procedure provide favorable genetic recombination and segregants for ploidy
levels without the need for extensive backcrossing to elite cultivars (cv) for deriving commercial
varieties, while the second require repeated backcrossing to the elite cv and several generations of
prebreeding before new cv can be released. We have developed a new breeding scheme which merges
the methodological simplicity of approach (i) with the pedigree complexity of approach (ii). It is based
on the use of Td x Dasypyrum villosum (Dv) amphiplod in a bridge crossing to Ta, for transferring,
through recombination, Td and Dv genes to hexaploid wheat inbred breeding lines (IBLs) that display
trait enhancement for grain yield, yield stability and grain quality under low-input field trials.

MATERIALS AND METHODS

An F,-like breeding population with broad genetic diversity, was obtained from selfing the F;
plants obtained after crossing an hexaploid amphiploid (Td cv ‘Modoc’ x Dasypyrum villosum,Dv;
2n=6x=42, genomes AABBVYV) to the hexaploid bread wheat (Ta cv ‘Chinese Spring’, CS; 2n = 6x =
42; genome AABBDD). Eighty percent of the pollinated florets of Ta used as female parent, produced
F1 caryopses. Homologous pairing and recombination between the A and between the B-genomes of Td
and Ta and the random assortment of the chromosomes of the D and V genomes, occurred at meiosis of
the F; plants. This favoured the arrangement of aneuploid and euploid AB, ABV or ABD gamete
configurations and various assortments of genetic-blocks from the A and B parental genomes. The
selfed F; plants were partially fertile and the surviving F, embryos tended to be euploid due to lack of
viability of aneuploid gametes. About 42% of the F, seeds produced complete fertile plants. Root-tip
chromosome counting of the resulting F3; seeds showed a prevalence of 14A, 14B and 14 D
chromosome configurations. Chromosome painting technique (GISH) recognized Fs-seedlings with one
to seven V-chromosomes (Minelli et al., 2005). Selfing, occurring from F3 to F4 generations, coupled
to: (a) chromosome counting for selecting 2n=42 plants, (b) field-plot trials managed using low-input
criteria, and (c) selection for spike fertility and plant yield components, allowed the identification of
several euploid IBLs with interesting plant and grain quality features. In the 2007/2008 growing
season, three of those IBLs, named “41-3”, “Mut 3-04”, and “8-1”", were tested in the field at two sites
(S. Angelo Lodigiano, SAL, near Lodi in northern Italy, 45° 14’ N, 9° 24’ E, 74 m asl, and Tolentino,

-81-


mailto:depace@unitus.it

Farming Systems Design 2009, Monterey, California, USA

TOL, near Macerata in central Italy, 43° 12°, 13° 17’ E, 238 m asl) in a randomized block design with
three replications at each site. The blocks were managed using low-input criteria. The hexaploid wheat
cultivars “Bologna” and “PR22R58” were used as checks. HT, heading time (days from April 1st) and
yield components were evaluated at both sites. Small- (PC, protein content as % of dry matter; SSV,
SDS-sedimentation volume, mL; GI, Gluten index as % of strong gluten over the total gluten), as well
as large-scale (DS, Farinograph degree of softness in BU; W, Alveograph W value x10™J; BV, bread
volume, mL) bread making quality tests, were performed only at SAL.

RESULTS AND DISCUSSION

The 41-3”, “Mut 3-04”, and “8-1", IBLs selected using the new breeding scheme based on bridge
crossing of the Td x Dasypyrum villosum (Dv) amphiplod to Ta , were significantly better than the
testers for heading time and 1000 kernel weight, while maintaining good grain yield performance. The
bread-making quality traits were significantly enhanced compared to the Ta-CS parent (Table 1). Major
advantage of the breeding scheme rely on the induction and rapid fixation of new and stable
assortments of the parental gene-blocks for grain yield and grain quality, offering ample opportunity to
release cv for the diversity of agro-climatic conditions were low-input farming systems are practiced.

REFERENCES
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and hexaploid progeny lines from spring wheat by durum wheat crosses. Crop Sci. 48:199-202.
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Table 1-Grain yield, yield components, and bread making quality traits in inbred breeding lines selected

from selfed progenies of fertile F, plants from T. aestivum X (T. turgidum x D. villosum) hybridization.
Plant 1000 Grain .
'zls‘t:rnsd Site | height| HT | kemel | yield T(eé;"ﬁ_'g;‘t PC |ssv| GI | DS | w | BV
(cm) weight (g) | (t ha™)
41-3 SAL 90 33 37.8 7.4 76.4112.3 89 98 25 334 685
TOL 87 30 50.8 6.1 80.7
Mut 3-04 SAL 88 33 39.4 7.3 7701126 91 99 33 375 720
TOL 85 29 48.9 6.1 79.7
8.1 SAL 89 33 37.2 7.1 7491126 91 99 23 400 710
TOL 91 29 49.1 6.3 79.9
Bologna |[SAL 86 36 29.2 6.8 77.0
(Tester) |TOL| 79 39 34.8 6.8 81.8
PR22R58 | SAL 82 36 35.1 7.7 74.6
(Tester) |TOL 75 39 43.7 8.0 77.9
CS (Tester) [SAL| 105 35 29.5 na 64.7|112.2 48 32 93 90 560
SAL 29 04 2.10 0.32 1.68] 0.10 0.7 03 3.1 19.2 104
SE
TOL 31 0.8 1.54 0.20 0.70

na: data not available due to lodging. SE: Standard error for comparing IBL mean values to the testers
in each location
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INTRODUCTION

Considering the increasing number of issues that are impacted by agricultural activities, designing
innovative cropping systems (CS) to fulfil economic, environmental and social requirements should
be a routine process for agronomists. Usually CS experiments compare the performances of
cropping systems defined according to current standards (e.g. conventional vs organic) without any
clear reference to the design process. As a matter of fact, design and field evaluation are not
frequently combined in practice. One reason might be that, at the crop rotation level, more than at
the crop level, the design process cannot be based on multi-factorial trials, because of the huge
number of combinations to test over a crop sequence. To cope with this methodological bottleneck,
a novel design and evaluation approach was proposed.

DESCRIPTION OF THE DESIGN AND EVALUATION APPROACH

This prototyping approach is based on 5 steps : (1) definition of goals and constraints for each
cropping system ; (2) suggestion of suitable agronomic strategies (such as escape, avoidance,
tolerance or correction of limiting factors) at crop and crop rotation level ; (3) formulation of
relevant sets of technical rules, to put the strategies in action ; (4) implementation of the action rules
in large field experiments or pilot farms ; (5) evaluation, refinement and eventually re-design of the
CSs if not valuable (improvement loop).

A main feature of this method is to put the systems in action by means of action rules as: “if
[indicator] then [action 1], else [action 2]”. As a consequence, the techniques are not fixed but result
conditionally from weather conditions, crop and pest development or soil status. To trigger most
rules in practice, indicators of soil/plant/pest status are observed or simulated and then compared to
a reference or a threshold value. The rules cover all the decisions of a crop management system but
also the crop choice, the fallow management and the decisions at crop rotation level (as weed
control). Consequently, the details of the crop/pest management techniques may change with
locations and seasons while the agronomic strategy remains unchanged.

The experimental design is composed of a limited number of relevant combinations of crops and
techniques, built to fulfil the objectives of the farmers while complying with the environmental
concerns. Expert knowledge or models are used to select ex ante the most promising CS
candidate(s) before a complete field experiment process. The evaluation process includes 3 levels:
(1) global, multi-criteria and comprehensive, to test if the CS globally fits with the assigned
objectives, using data collected at harvest or agri-environmental indicators; (2) agronomic, based on
dynamic simulation or field measurements, to test the validity of the assumptions underlying the CS
design; (3) analytical, to thoroughly evaluate some decision rules. In all events, data collected for
the CS evaluation should be clearly separated from data used for rule triggering.

RESULTS

Several rule-based experiments have been set up in France from the 90s (Debaeke et al., 2009). To
illustrate the previous approach, 3 case studies, differing by the context of crop production and
resource use, are briefly exposed below: adaptation to limited irrigation water (Toulouse),
introduction of innovative CSs (Versailles), substitution of herbicides by non-chemical methods
(Dijon). The Toulouse experiment focused on methodological developments, ex post agronomical
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diagnosis and the development of decision tools to adapt the strategies to the environmental and
economical context. The mean feature of the experiment in Versailles was to test very innovative
strategies requiring frequent tunings of the sets of decision rules and an improvement loop with a
short time-step. In contrast, the Dijon experiment tested CSs on a criterion (weed flora) subjected to
cumulative effects, therefore requiring stable sets of decision rules during a long period.

REFERENCES
Debaeke et al., 2009. Iterative design and evaluation of rule-based cropping systems: methodology
and case studies. Agron. Sustain. Dev. 29: 73-86.

Table 1. Main features of three pluri-annual (8-12 yrs) experiments in France (Toulouse, Versailles,
Dijon) designed and conducted according to the previous approach

Toulouse Versailles Dijon
Objectives
Agronomic Adaptation to variable Feasibility, sustainability Long-term weed control in
irrigation availabilities of innovative CSs IWM systems
Environmental Optimizing water use, Minimizing N leaching and Minimizing the use of
minimizing N leaching the use of pesticides herbicides
Economic Maximizing GM, GM equal to conventional =~ No GM objective :
minimizing labour time evaluating the cost of IWM
Constraints
General Summer + winter crops Wheat every 2 years
Specific to a Irrigation availability Direct seeding in mulches ~ Minimum tillage,
system Organic, Low input mechanical weeding (+/-)
herbicides (+/-)
Agronomic Diversified rotation, stress Pests and diseases escape Diversified rotation, soil
strategy escape, canopy rationing, tillage, competitive crops

Rule building

Degree of rule

Simulation + regional
expertise + factorial trials

+++ for N, water, cultivar

Expert knowledge
Experimental references

Complete

Simulation + expertise +
exp. references + DSS

+++ for weed management

explanation + other inputs + other decisions
Lay-out Plot size = 1.5 ha Plot size = 0.5 ha Plot size =2 ha
4 replicates 2 replicates 2 replicates
Evaluation
Global Agronomical, GM, Agronomical, GM, Weed control, GM,
environmental (water use, environmental (nitrate, environmental (pesticides,
nitrate, pesticide use), pesticides, energy, energy, GGE, nitrate),
labour earthworms), labour labour bottlenecks
Strategies Disease reduction, weeds, Numerous Canopy competitiveness
water saving
Rules agronomic diagnosis + agronomic diagnosis + check plots

Major revisions

of systems and
rules

models + factorial trials :
varieties, fungicides, plant
density

Rule thresholds (N, water)
crop changes in low-input
system (less durum wh. and
fababean under low-input)

check plots

Crop changes in the
organic system (less
oilseed rape, more alfalfa)

Increasing the part of
legumes in the rotation

GM : Gross margin ; IWM : Integrated Weed Management ; DSS: Decision Support System ;
GGE: Greenhouse gas emissions
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INTRODUCTION

The variety evaluation process is commonly based on the analysis of multi-environment trials
(METs). In France, the official registration of a new cultivar is pronounced after two years of field
testing using METs conducted by GEVES (Fig.1). Then the new sunflower cultivars are evaluated
by CETIOM during one year (post-registration testing) over a wider area to determine their local
adaptation and provide variety x management advices to the farmers. Although this 3-yr evaluation
process is time-consuming and expensive, it results in a poor sampling of the soil-weather-crop
management conditions over the sunflower growing area (~600 000 ha). We suggest that dynamic
simulation models of variety response could improve the efficacy of this experimental evaluation.
Several examples of model application are indicated in the literature: environmental diagnosis,
detection of G x E interactions, selection of best variety x management combinations (Messina et
al., 2006). This paper reports the attempt to include a sunflower model (SUNFLO) into the official
evaluation scheme using a participative approach with CETIOM and GEVES.

MATERIALS AND METHODS

The SUNFLO model was developed to simulate the dynamic response of sunflower genotypes to
various soil-weather environments and crop management options (sowing date, plant density, N-
fertilization, irrigation) (Casabebaig, 2008). Its 12 genotypic parameters are easily measured on
microplots devoted to variety testing (crop phenology, plant architecture, oil content and yield
components) or in greenhouse (response of transpiration and leaf expansion to soil water deficit on
isolated plants). Two main dynamic outputs are leaf area index and soil water content. Indicators of
plant water status (number of stress.days) and nitrogen status (N Nutrition Index) are simulated at
the end of each growing period. Achene yield and oil content are simulated at harvest.

In 2008, two field experiments were carried out by CETIOM in South-West and Center-West of
France to determine the genotypic parameters in dense stands and non-limiting conditions for 18
oleic and linoleic cultivars. A greenhouse experiment was set up in INRA Toulouse to parameterize
the response of these cultivars to varying water constraint levels.

In 2006 and 2007, the pre-registration field network (GEVES) was composed of 25 locations in
France and the post-registration network (CETIOM) in 2008 of 47 locations. The output variables
collected were: date of anthesis, plant height, achene yield and oil content.

The model was run over the 3 years after collecting 3 kinds of data: daily weather recordings (Tmin,
Tmax, Radiation, Potential ET, Precipitations), soil (available soil water content) and crop
management information.

RESULTS AND DISCUSSION

When using all the variety x environment combinations (320 data), achene yield was simulated with
a relative error of 12.3 % (RMSE yield = 0.36 t.ha"l) (Fig.2) and oil content with a RRMSE value of
6.8 % (RMSE oil = 3.1 %). The date of anthesis was detected with a mean error of 2.7 days. The
mean environment (E) and mean genotype (G) effects were simulated with a RRMSE of 7.7 % on
yield. These values are within the performance range of crop simulation models. Consequently,
SUNFLO could be used reasonably to predict E and G rankings over the range of sunflower
growing conditions in France. For each variety, the model provides additional information on water
and nitrogen phasic stresses. Applied to probe genotypes, for instance, this information could be
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used for the ex post diagnosis of limiting factors. Actual achene yield (YLD) was expressed as a
combination of the 3 simulated water stress indices (number of stress.days, WSD: 1. emergence-
anthesis, 2. flowering, 3. grain filling) : YLD = 0.23 WSD, — 1.25 WSD, + 0.22 WSD; + 39.1 (1’=
0.95). Water stress during flowering was the most detrimental to yield.

In spite of the good agreement between observations and simulations, the yield prediction of a given
variety is not enough accurate to imagine the complete replacement of METs by simulation. Firstly,
the residual error is explained by the importance of pathogens (sclerotinia, phomopsis, phoma)
which are not controlled on these trials and may reduce yield in some situations depending on the
genotypic tolerance. Obviously, this is a limitation to a sound representation of G by E interactions
by the model (Casadebaig, 2008). Secondly, the uncertainties on soil water content and initial soil
nitrogen content (which may range from 30 to 180 kg.ha™) probably contribute to most of the gaps
between simulation and observation. In addition, as weather data were collected from stations
sometimes located at 20 km from the trials, additional errors might come from a bad representation
of summer storms for instance. For using routinely this kind of model in official registration and
extension activities: a) a minimum soil dataset should be provided by GEVES; b) additional
genotypic parameters should be measured in some potential situations (field) and in stressed
conditions (greenhouse) by CETIOM; c) virtual experiments should be carried out by CETIOM
according to simulation protocols in order to determine the optimal G x E x M combinations for
new cultivars in a given region.
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A SUSTAINABLE FARMING SYSTEM TO MAXIMIZE PHOTOSYNTHESIS

Charles LeRoy Deichman
Deichman Consulting
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INTRODUCTION

Current dense planting practices limit the sunlight reaching the lower leaves of plants. We
hypothesized that if we could enable the mature chloroplasts of specific cultivars to access more
incident sunlight, we would increase the potential to produce photosynthates. Through proper
selection of specific cultivars and variety specific population thresholds, we could convert this increase
into increased crop yield. This paper will present the results of Phase | studies to test this hypothesis.

DESCRIPTION OF THE MODEL
This model develops canopy architectural properties that enable sunlight to reach each leaf in
widely spaced twin-rows of the primary crop. Since each leaf is a potential source of photosynthesis
and since current canopies shade the lower leaves that contain mature chloroplasts, this model should
increase photosynthesis and potential crop yield (since crop yield is largely sourced from carbon based
photosynthetic compounds). The current studies utilize an example (Fig. 1) of the model suitable
where corn and winter wheat can be grown, using 30 and 10 inch row equipment. In this example we
have:
» Solar corridors of sunlight between 60 inch twin-rows of corn that enable incident sunlight, the
catalyst for photosynthesis, to reach each leaf for the entire reproductive stage of growth, and
» Solar corridors of sunlight between 30 inch wide swaths of winter wheat/clover 60 inches apart that
enable sunlight to reach more of the photosynthetically active organs of the wheat plants for critical
reproductive growth and extra light to clover seedlings until the corn leaves intercept the sunlight.
After corn harvest, the clover and young wheat receive incident sunlight until cessation of fall growth.
This example, as shown in Figure 1, is constructed by planting a 7.5 inch twin-row of corn every
60 inches, exactly in the center of 30 inch fallow swaths of winter wheat spaced every 60 inches, and
by frost seeding clover into the 30 inch wheat swath in February. After corn harvest, the process is
repeated with the center row of no-till wheat centered between the 7.5 inch twin rows of corn stalks.
This model provides a production environment that allows maximum interaction between the
incident sunlight and the plant organs most capable of intercepting photosynthetically active radiation
(PAR). The resulting higher rates and increased duration of photosynthesis for each of the mature
chloroplasts (instead of relying on juvenile chloroplasts for most of the photosynthate production)
should lead to an enriched production environment that maximizes PAR and total crop yield.

MATERIALS AND METHODS

Our hypothesis was tested (for the primary crop, corn, only) as detailed in Table 1. Hybrids B,
C, and D were selected on the basis of their favorable performance in screening trials utilizing widely
spaced single rows of corn. Hybrid A, a widely used high yielding variety, was included for
comparison. Each of the four commercial hybrids studied demonstrated clearly different phenotypic
expressions, indicating with some confidence that each were different genotypes.

Soils ranged from Bryce to Brenton silty clay loams to a Gilford sandy loam in the U. S. Corn
Belt at latitudes from 40 to 41 degrees. Our study protocol used best supporting practices appropriate
for the control, as independently determined by each study site and host producer. Interdisciplinary
supporting practices to maximize the solar corridor treatment haven’t been determined yet.
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RESULTS AND DISCUSSION

Overall, on a corn yield per crop acre basis (vs. per corn acre basis), our data analysis showed
that hybrid B, C and D solar corridor treatment yields exceeded those from conventional row spacing
by an average of 9.4%, while hybrid A yields were reduced 2.8% (Fig. 2). Our results give corn yield
per crop acre only, without recognition of any value for the secondary crop, or corn yield loss, due to
the presence of the secondary crop. Figure 3 shows the results for the highest yielding population, with
treatment yields exceeding 200 bushel/acre for each of the selected hybrids. As indicated by our
results, if we select, on a site specific basis, the phenotypes that place the greatest reproductive sink
demand on the now more productive photosynthetic source, we can deliver improved corn yields with
the proposed model compared to the conventional row spaced controls. We expect that if we
subsequently determine, on a hybrid specific basis, their specific population thresholds and appropriate
interdisciplinary supporting practices, further yield increases can be achieved.

Phase Il of this study considers our objective of producing maximum corn yield while producing
an additional yield from the secondary crop (winter wheat and clover in this model), as well as
identifying obstacles to be overcome before Phase 11 commercialization can be accomplished. Future
work will address the interdisciplinary implications and subsequent research needs to further develop
and complete the interdisciplinary and multidimensional model.

Figure 1: Crop System Cross Section
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INTRODUCTION

The design and implementation of alternative fagnisystems requires a combination of
coordinated actions at different scales becauseheashistory of agronomic research shows, single
technological innovations are seldom adopted byéas. This shortcoming is often due to the fact tha
innovations do not fit in with the functioning dfid farm as a whole and/or are incompatible with the
policy and social environment in which the farmkensction.

For ex-ante evaluation of alternative farming systems, sca&sarnust enable light to be shed on the
plausible consequences of their adoption at diffeseales and to identify the main opportunitied an
bottlenecks in their implementation. The views ardluation criteria of different stakeholders opiaa

at different scales (from farm to region) must &leeh into account to enhance the chances of suttess
the implementation of alternative farming systems.

The objective of this study was to make a compazatnalysis of different approaches for
scenarios assessment of agricultural systems aingdgscales. ldentifying their main advantages and
drawbacks and pinpointing possible complementariied incompatibilities is the first step toware th
development and application of a multi-scale, meiieria and participatory method for scenario
analysis of organic farming systems extension enG@amargue region, South of France.

METHODOLOGY

We identified three approaches commonly used fen&go analysis in relation to agriculture and
land use. They are based on modeling which is sacg$or quantitative and explorative studiesB{o-
Economic models (BEM) identify the optimum combioatof agricultural activities that maximize or
minimize an objective function under a set of caaiats. Optimization is done by a multiple goalekm
programming model (van Ittersum et al., 1998). Mi)lti-agent models (MAS) are used to simulate the
behavior of different agents (such as farmers dhdrastakeholders) and their interactions concerttie
management of their activities and one or moreraat@esources (Bousquet and Le Page, 2004). (iii)
Land use/cover change models (LUCC) identify andlyae relationships between biophysical and
economic drivers for land use. The drivers of lasd are statistically analyzed and hot-spots af lzse
change can be identified (using empirical functi@idand use) in the case of a modification of an
external factor (such as policies, finance, marketss regulations) (Verburg et al., 2004).

The application of each approach was analyzedlatioa to (i) the suitability of the approach for
the analysis of scenarios and prospective evaludtipthe application of the approach for multieria
analysis and the integration of the different dareaof sustainability (i.e. environmental, sociadan
economic), (iii) the scale(s) of application and thethods for up and down-scaling to and from regio
scale, (iv) the degree of interaction with stakdeas.

RESULTSAND DISCUSSION

The three approaches enable the use of multipieatads, therefore allowing an integrated and
multicriteria analysis of farming and land use sps$ (Table 1). BEM appears to be a good tool fer ex
ante assessment, as it is commonly based on methanbdels allowing the inclusion of activitiestno
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yet practiced in a given region and the calculatbhardly measurable externalities. MAS is alggoad

approach for prospective studies as they can bmalared using decision rules and represent the

stakeholders’ view of their future.
projections and empirical functions of land useQ@is difficult to use for participatory assessmasit

usually ignores the farm scale and the method deedlown-scaling does not facilitate the use of

LUCC approashee based on top-down perspectives built on

participatory methods with farmers. In MAS and BEWMjs possible to explicitly formulate farmers’
objectives, and as farmers should be considerédeasitimate decision makers with respect to lasel u
these approaches could enable strong links betfaeerers and stakeholders.

CONCLUS

The analysis of the case studies showed that BEVIMAS are more suitable for prospective,

ON

multi-scale (up to regional), multi-criteria andrigeipatory evaluation of scenarios for the devetemt
of alternative farming systems. On the basis ofré@seilts of this analysis, we are currently analgzhe

complementary use of MAS and BEM to explore differecenarios related to the extension of organic

farming in the Camargue in the south of France.

A six-step framework has been developed and iis being implemented, which includes: 1.

characterization of the systems at different scaleslation to stakeholders’ perceptions, 2. dabn of

relevant indicators to be calculated, 3. identifara of the options to be evaluated, 4. quanti@ativ

description of the agricultural activities at fieddale, 5. aggregation of information for the qifenaition
of indicators at multiple scales using BEM and MAS finally, 6. iterative evaluation of scenarios o

the basis of indicators and role playing games.réduily, our efforts are devoted to the selection of

stakeholders and the description of land use &evusing crop models.
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Table 1: Comparison of BEM, MAS and LUCC throughittsuitability for prospective, multiscale, multiteria and
participatory evaluation of alternative farming

S

Requirements

Bio-Economic M odeling

Multi-Agent Systems

Land Use/ Cover Change

Prospective

Target oriented approach
Mechanistic model, validation
through sensitivity analysis

Individual based decision

rules, empirical and mechanistic
modeling, validation through behavi
exploration

Model based on projections and
statistical analysis of drivers of Land
blJse.

Multiscale

Bottom-up and top down
approach, Simple aggregation
up-scale from field to farm and
region, could be spatialized if
coupled with a GIS system

Bottom-up approach, no aggregatio
tprocedure, scaling is done through

indicators calculation and observatig
of emerging properties, spatialized

nTop-down approach, disaggregatio
through statistical analysis, minimur
scale close to the square kilometer,
no explicit consideration of field ang
farm scale, spatialized

=5 =

Multicriteria

Multiple indicators (social,
economical and environmental
through the objective function
and constraints.

Multiple indicators (social,
economical and environmental)
through decision rules of the differe
stakeholders

Indicators mainly on environmental
and economic aspects, recent
developments allow calculation of
social indicators

Participative

No explicit representation of
stakeholders apart from farmer
through objectives. Criticized
for non realistic results, failure
to be applied for concertation

Explicit representation of stakeholde
gagents) and their decision rules.
Commonly used in roles playing
games as a tool for negotiation. Allo
to incorporate perceptions and
empirical knowledge in the model

Mo explicit representation of the
stakeholders and their objectives.
Suitable for high scale stakeholders
Meoncertation (country, region) but n
for small scale stakeholders (e.g. n
explicit representation of the farm)

=4
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MAXIMISING PRODUCTIVITY OF CROPPING SEQUENCES FOR DAIRY
SUPPLEMENTS IN NEW ZEALAND

John de Ruiter, Andrew Fletcher, Derek Wilson, Shane Maley and Robert Zyskowski
Plant and Food Research, Christchurch, 8140, New Zealand. Email: deruiterj@crop.cri.nz

INTRODUCTION

Intensive pasture-based dairy production in New Zealand’s South Island relies on supplementary
forage crops to enhance seasonal milk production and winter dry cow feeding (Clark et al., 2007).
Intensification of dairy farming with more on-farm feed production and off-farm feed imports has
implications for farm profitability and risks of nutrient leaching (de Klein and Ledgard 2001). Crops
are increasingly being used for grazing on runoff land comprising short term rotations between pasture
phases. Alternative systems such as ‘cut and carry’ or ‘silage’ crops grown during summer create
opportunities for maximising productivity and reducing the nutrient loading on land. We evaluated
experimental cropping sequences for their productivity and nitrogen (N) losses.

MATERIALS AND METHODS

Trials were conducted at Lincoln, New Zealand (43.83°S, 171.72°E) on a free draining alluvial
soil. Soil water balances were determined using rainfall/irrigation, soil water content by neutron probe,
and Penman PET calculations. Soil N was monitored to 1.5m depth. Biomass yield, soil N and drainage
processes were compared with simulations for using the LUCI model, (Zyskowski et al., 2007).

Expt 1. (2005-2007): Crop sequences (45 x 4 m plots) were sown in a RCBD with split N sub
plots. Crop main plots were cv Gruner kale (KL), multi-purpose cv Doubletake triticale (DT), cv Feast
Il Italian ryegrass (IT) and cv Crackerjack triticale (CJ) taken to silage maturity. Sequences (S1-S4)
were DT-KL, KL-IT-DT, KL-CJ-IT and KL-CJ-KL with S1 sown on 24 Feb 2006 and S1-S3 on 3
Nov 2005. N rates were typical of grower applications ‘Norm N’ or double rate (‘High N”).

Expt 2. (2006-2008): Productivity of 12 crop sequences (T1-T12) in a spit plot (50 x 20 m)
design were compared under optimum nutrient and irrigation over a 2-year period beginning in Oct.
2007 and with minimised breaks between crops. Treatments T1-T8 had maize (P39G12) or kale (cv
Gruner) as the main plot first-summer crop. These were followed by factorial splits of winter wheat (cv
Morph) or ‘triticale (cv Crackerjack) +tick beans (var. NZ)’ followed by maize or kale. T9-T12 (cv
Salute barley as first summer crop) included ‘grazable winter crops’ (cv Titan rape then cv Milton oats,
‘oats + Italian (cv Feast I1)’ followed by either whole crop barley (cv Salute) or kale (cv Kestrel).

RESULTS AND DISCUSSION

Expt. 1: Accumulated yield in the respective sequences (‘High N*) were 32.2, 56.8, 61.6 and 50.8 t/ha.
Cumulative potential yield differences were influenced by variable season length. Simulated yields for
‘Norm. N’ were, on average, 5 t/ha less than ‘High N’. Accumulated biomass was close to the
simulated values (Fig 1A). Measured yield responses to N were small in most treatments indicating non
limiting conditions for growth. In the ‘Norm.N’ treatment only small amounts of N were recovered
from soil in the winter period. Excess N applied in the ‘High N’ treatments caused N leaching in wet
conditions. Soil mineral N accumulation was higher under winter triticale than kale with N leaching
events only occurring in the first winter. The second winter was dry with no N leaching loss.
Expt. 2: Optimum crop management practices were used to maximise productivity in all sequence
treatments, while aiming for target annual DM yield of 45 t/ha (Brown et al. 2007). Highest annual
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yield of 32.5 t/ha was achieved with a ‘maize—triticale+tick bean’ sequence. There was a significant
yield penalty for not taking the winter cereal through to silage maturity (as in Expt. 1). A ‘kale —
triticale + tick bean’ rotation produced yields that matched simulations closely (Fig 1B). Most of the N
applied or derived from soil mineral N pools was removed by ‘cut and carry’ kale, maize silage or
barley silage. Measured residual soil N (0-150 cm) following a summer maize was high (144 kg N/ha),
but there was little loss by leaching (<10 kg N/ha). After maize, the net N loss in winter drainage under
winter cereal was >113 kg N/ha compared to 40.1 and 9.9 kg N/ha following summer kale and summer
barley. N loss was low following barley (<6 and <30 kg N/ha for rape and oats).

CONCLUSIONS

Crops with high N uptake such as kale were best options for ‘cut and carry’ systems. Yields of crop
sequences were close to the theoretical limits in the South Island (NZ) environment. These were
achieved with reduced transition time between crops and with no nutrient or water limitations. ‘Cut and
carry’ with high N inputs did result in excessive residual soil mineral N primarily under maize
cropping. Summer crops used N efficiently and N leaching was low in spite of regular irrigation.
Potential for winter N leaching was high but actual leaching was variable depending on the soil water
balance. Losses from a system grazed with high animal N excretion were not tested.
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Fig. 1. Accumulated yield in equivalent cropping sequences in the respective experiments.
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Long Term Effects of Cropping System Practices on Soil Organic Matter:
Applications of the DSSAT Model

De Sanctis G.%, lezzi G.%, Seddaiu G.2, Orsini R*, Toderi M*, Jones J. W.%, Roggero P.P.?
!Dep. of Environmental and Crop Sciences, Polytechnic University of Marche, Italy,
? Desertification Research Centre NRD, University of Sassari, Italy, pproggero@uniss.it
®Dep. of Agricultural and Biological Engineering, University of Florida, Florida

INTRODUCTION

In the last 60 years soil organic carbon (SOC) depletion were related to same agricultural
practices applied within intensive cropping systems (Doran, 2002). The adoption of deep soil tillage in
continuous cereal rotations removing crop residues from the fields has been recognised as one of the
most important reasons of the SOC decrease (Morari et al., 2006). Part of SOC which has been lost can
be re-sequestered through adoption of recommended soil and crop management practices. While an
increase of SOC in the top 10 cm could be substantial in order to contain soil erosion (Franzluebbers,
2002), the deeper layers could be considerable in the total carbon sink amount (Baker et al. 2007).
These issues are often addressed through low N and tillage inputs.

The DSSAT v. 4.5 (Decision Support System for Agrotechnology Transfer) cropping system
model (Hoogenboom et al., 2004), which includes the CENTURY soil organic carbon (SOC) module
(Porter et al. 2009) and the CERES-Till module for tillage effects on soil processes were tested to
simulate the long term dynamics of SOC.

The objective of this study was to analyze the long term impact of tillage and fertility
management on soil organic matter in a low-input durum wheat-corn rotation in a hilly rainfed area in a
northern Mediterranean context, using long term field experiments and model simulations.

MATERIALS AND METHODS

This study is based on a long term field experiment established on 1994 at the “Pasquale Rosati”
farm of the Polytechnic University of Marche, in Agugliano (100 m a.s.l., 700 mm mean annual
rainfall), in a hilly area (slope: 10-15%) with silt-clay soil. The experiment was designed to compare
the effects of two different soil tillage practices on SOC: no till (S) vs 40 cm deep plowing (T) and two
levels of nitrogen fertilization (0 and 90 kg ha™* N) using a split-plot RCBD with two replicates for each
crop (sub-plot size 500 m?). Durum wheat and maize were alternatively sown every year on two
adjacent groups of 8 sub-plots (2Tx2Nx2 reps), keeping same tillage and N input on each subplot.
Glyphosate was spayed prior to sowing in no tilled plots, in addition to conventional chemical weed
control. The SOC dynamic was simulated by DSSAT in relation to N fertilization and tillage practices.
Daily meteorological data (Tmax, Tmin, precipitation) from 1998 through 2007 and daily radiation
estimated by Radest 3.00 (Donatelli et al., 2003) were used as meteorological inputs. Soil texture, bulk
density and SOC, among other soil variables, were measured from sixteen different soil profiles within
the experimental field. Soil hydraulic properties were estimated according to Saxton and Rawls (2006).
Crop grain yield was measured in the field (2004-07). Local farm surveys suggested to initialize SOC
fractions starting from default model values (De Sanctis et al., 2008) for fifty years before 1994, using
a durum wheat-maize rotation with conventional tillage and 140 kg ha™ of N. The fifty years SOC
dynamics was simulated in relation to the field experiment treatments.

RESULTS

Simulation outputs (crop grain yields and SOC after 12 years since the experiment started) were
consistent with field data collected. Observed grain yield (2004-07) of fertilised wheat was

-03-


mailto:pproggero@uniss.it

Farming Systems Design 2009, Monterey, California, USA /g
p

significantly higher (3.66 vs. 1.80 t ha™) but not influenced by tillage techniques; grain yield of tilled
maize was significantly higher (2.00 vs 0.90 t ha), as a consequence of a poorer plant density, but
summer drought stress flattened the effect of fertilisers. The total SOC dynamics in the 50 years was
significantly influenced by the different tillage and fertiliser practices (table 1). The SOC simulation
showed a steady SOC dynamic of the top 10 cm layer in the T90 treatment. SOC decrease (on average -
0.003% SOC year™) was simulated for TO, due to the lower amount of crop residues incorporated in the
soil. No till significantly increased top layer SOC: +0.009%, and 0.023% year™ respectively on SO and
S90. In the 10-30 cm soil layer, SOC was slightly increased by T90 (+0.003% year™) as a consequence
of an higher amount of crop residues left in the soil and a more efficient incorporation of the crop
residues in the deeper layers, while all other treatments did not significantly affect initial SOC. Overall,
in the 0-30 cm layer, S90 lead to a significant gain in the carbon stock of the top soil 30 cm layer
(+0.30 tons ha™ year™). SO and T90 treatments increased SOC was as low as +0.10 tons ha™ year™,
while TO resulted in a not significant decrease of the carbon stock (-0.04 tons ha™* year™).

CONCLUSIONS

Soil tillage and fertilisation practices can substantially affect the long term SOC dynamic in the
rainfed hill cropping systems of central Italy, characterised by sub.-humid Mediterranean climate and
silt-clay soils. Among the different options under comparison, no till and moderate N fertilisation (S90)
proved to be the most effective option. However, limitations are related to low maize yield and
incompatibility of no till with organic systems because herbicides are essential.
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Table 1. SOC dynamic (% weight) in top soil layer of durum wheat - maize rotation as influenced
by N and tillage, vs. baseline measured in 1994. *=P<0.05; **=P<0.01; ns=not significant.

Soil layer (cm) 1994 2044 (simulated)
(observed) T0 T90 SO S90
0-10 0.87+0.11 071 * 0.87 ns 1.30 * 2.00 **
10-30 0.74+0.05 0.71 ns 087 * 0.66 ns 0.73 ns
0-30 0.78+0.06 0.71ns 087 * 0.87 * 1.15 **
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RE-DESIGNING OF VEGETABLE FARMING SYSTEMSIN SOUTH URUGUAY;
LINKING THEORY AND PRACTICE

Dogliotti, S, Peluffo, S, Dieste, J.P, Garcia, M.C,, Rossing, W.A.H.
! Universidad de la Republica, Facultad de Agronotdfaguay,sandog@fagro.edu.uy
2 Wageningen University, Biological Farming Systei&geningen, The Netherlands

INTRODUCTION

Most vegetable farms in Uruguay are family farmsdoicing for the internal market, which had to
deal with 20 years of continued decreasing of pectglprices and increasing of inputs and energyscost
The strategy followed by most farmers to maintdiairt income was to intensify and specialize their
production systems, putting more pressure on ajrdateriorated soils and on limited farm resourdes.
explore options for sustainable development a stualy conducted based on a bio-economic whole farm
model which allowed taking into account differeatrh development paths. This study showed that for
most vegetable farms it is possible to significamtrease family income, reduce soil erosion tgcor
2-4 and reverse soil organic matter decline by ecaduthe area of vegetable crops, implementing crop
rotations including green manure, pastures, areg®crops, and integrating animal production, wisch
the opposite of the strategy followed by most fas(®ogliotti et al. 2005).

To explore these hypotheses, a project was staittéde end of 2004 and expanded in 2007 with
participation of the Farmers’ Unions. A basic asptiam of this project is that the sustainabilitpplems
described above cannot be solved by isolated aw@rgs in some system components such as pest
management or soil tillage but require whole fasrdesign. Such a re-design of farm systems at the
strategic level could be achieved by a participgtorterdisciplinary, systems approach. Involvemeint
the main stakeholders is particularly importantceirany intentional change in production systems is
always a result of changes in human conduct aréftive requires an individual and collective leagni
process (Leeuwis 1999). Moreover, solutions to @k of this complexity do not come as 'take it or
leave it' validated packages; they need to be dedigvithin the context of application with direct
involvement of farmers in all stages of the procdssm diagnosis to dissemination (Leeuwis 1999;
Masera et al. 2000). The EULACIAS project aimsnpiove sustainability of vegetable farming systems
by linking quantitative systems approaches to pigdiory learning processes and on-farm diagnosis a
design with main stakeholders as participants. phaer reports on the approach followed in thegutoj
and presents evidence of increasing sustainabiliyegetable farming systems in Uruguay.

MATERIALSAND METHODS

The project is based on 16 pilot farms. Selectioteria included variability among pilot farms in
resource endowment, soil quality and distance e rttarket, attitude of the farmers towards change,
willingness to discuss their strategic choices, iamdlvement in local farmers' groups.

The systems approach involved diagnosis of farnesyssustainability, re-design, implementation
and evaluation, and dissemination. The pilot farwere characterized during a diagnosis phase.
Sustainability was assessed following the MESMIfrapch (Masera et al. 2000). With the farmers we
identified the critical points for sustainabilitpédrew up a problem tree of each farm.

The re-design procedure comprised improvementsasi@ control support practices and spatial
layout of fields; designing a feasible croppingrplaccording to resource availability and agronomic
rules; designing and ex-ante evaluating crop rartatiand inter-crop activities using ROTAT, RUSLE
and ROTSOM. The plans were discussed with the fesrigied modified until an agreement was reached.

Implementation and evaluation started in 2005 firsa group of six pilot farms.
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RESULTSAND DISCUSSION

Average family income for the pilot farms increa$emin 2005 to 2008 by a factor 2.6 in average
(constant prices). Estimated soil erosion ratesdétected fields of these farms were reduced lag @i
2-3, although some of them still are above therémiee level for these soil types (Fig. 1). Theneated
rate of change of soil organic matter for somectetefields reversed from negative to positive gaju
the magnitude depending on the initial soil organatter content of the topsoil. These results were
achieved by increased crop yields, increased ocgaatter input to the soil and improved soil cover.
Better market prices for some vegetable produatisigd@007-2008 also contributed to family income
increase.

Yields increased mainly due to the effect of graed animal manures during the intercrop periods,
improved crop management by matching labor demaddagailability throughout the year, and lower
frequencies of the same species and botanicalyfamthe rotation. Including green manure crops and
matching labor demand and availability requiredhiziny cases reducing the area of vegetable crops.
Including green manure crops and 3-4 year pasiarié rotation contributed to improve soil quality
increasing organic matter input to the soil andokeg the soil covered.

This experience demonstrated that significant im@naoents in sustainability of vegetable farms in
South Uruguay are feasible. However farmers widldheechnical assistance to re-design their prooloucti
systems. For many farms their area and water di#jeare limiting their long term possibilitie®t
increase income to acceptable levels without dateiing the soil quality.
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A MODEL FRAMEWORK TO SIMULATE AGRO-
MANAGEMENT AT FIELD AND FARM LEVEL
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INTRODUCTION

Farm management is the result of planned management for each production enterprise, and,
during the growing season, of physical states at field level and resource competition at farm
level. As an example, the irrigation scheme for each field at a given time leads to potential
irrigations if the thresholds for irrigation set in the relevant rules are met. At farm level, such
potential irrigations become quantities of water and labour required for each field, and they
compete for the resources available. Rules for actions at farm level are a layer above the one
at field level. In the case of a well adapted agro-management scheme, rules at farm level can
possibly either delay of impede specific management actions either once resources become
unexpectedly limited, or when environmental conditions change, such as under climate
change scenarios. Modelling agro-management at field level provides estimates of technical
feasibility and performance for a production enterprise, whereas the simulation of agro-
management at farm level allows estimating agro-management feasibility either in concrete
farms or in farm abstractions such as farm typologies.

Whether the logic above is known, its formalization in a flexible scheme suitable for different
cropping system modelling approaches and its implementation in a concrete and reusable
software component are not trivial. The rule-impact approach of the AgroManagement
component (Donatelli et al., 2006) at field level and used in APES (2008) is now extended as
tentative design at farm level. The objective of this paper is to present the main guidelines of
the farm level model extension.

DESCRIPTION OF MODEL

The rule-impact approach at field level. When the decision making process is based on
biophysical drivers, each management action is implemented both given to a pre-made
management plan defining time windows and in response to the state of the system. For
instance, plant a crop may be implemented if at a given date the soil water content of the first
0.6 m is at least 2/3 of plant available water is stored in the soil; if not, a fallow year may be
acted on. The set of conditions to be tested to apply a specific management action are “rules”.
Hence, rules are a formal way to model farmers’ decision making process in response to
states of the physical system. A rule based model is characterized by 3 main sections:

e Inputs: state of the system, and time (e.g. soil plant available water and current day)

e Parameters (e.g. soil plant available water threshold to trigger irrigation)

e Model which returns a true/false output

Impacts stands for: "sets of parameters to implement the impact of a management event in a
model component™ (e.g., irrigation type = sprinkler, amount = 40 mm). Such sets are different
changing management event, and can be different within management event if the modelling
approach to implement the impact is based on alternate approaches. When making the
planned agro-management scheme for a production enterprise (which in the real farm
corresponds to a field), impacts are coupled to rules.

The rule approach at farm level. In the modelling of a farm, each production enterprise is
simulated separately via instances of states, rates, and auxiliary variables, and using specific
sets of parameters and an agro-management configuration (a collection of rule-impact
objects, see above). At run time, each field simulation may make available one or more
impacts if rules are triggered (Fig. 1). The impacts are not made available to agro-
management models; instead the use of resources is quantified based on field information and
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a set of coefficients if needed (e.g. an irrigation action, expressed in mm of water, becomes a
flux, a number of working hours and the number of days required). Impacts are then ranked
by priority; priority is chosen in the planning phase, but it increases every time an action is
delayed by a priority factor also chosen in the planning phase. Actions are then applied using
a set of rules which validate with respect to the availability on one or more resources (e.g., if
water flux/amount is not limiting, it will validate against labour only). This workflow is
summarized in Fig. 2. Initial resources available are an input at a time resolution equal to the
time step of the simulation model, but if an accepted action implies the use of resources over
more than a day, the availability of the following days is modified accordingly.

RESULTS AND DISCUSSION

The extension of agro-management simulation at farm level is expected to provide means to
explore the technical feasibility either of new farms settings or of known agro-management
schemes in farms under changed climate scenarios. It is also expected to be a useful tool to
validate via bio-physical simulation the output of management optimization in farms via bio-
economic models.

This study was partially funded by the Italian Ministry of Agriculture, Food and Forests
Policies (MiPAAF), AGROSCENARI Project
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COEXISTENCE BETWEEN GM AND NON GM MAIZE: EXPLAINING
THE REPARTITION OF CROPS AND COEXISTENCE MEANS USED IN
2007

Fargue-Leliévre Agnes, Auguste Cyrille, Coléno Francois-Christophe
INRA-AgroParisTech UMR SAD-APT, Batiment EGER, BP1 78850 Thiverval-Grignon,
agnes.lelievre@agroparistech.fr

INTRODUCTION

Setting up coexistence between GM (Genetically Modified) and non GM (NGM) crops means
insuring that there is no cross pollination during production in order to respect a 0.9% threshold of GM
in non GM material. We focused our work on improving a model of farmer’s varietal choice (Coléno,
2008), which combined with a spatially-explicit population gene flow model (Angevin et al., 2008)
evaluates the consequences of different scenarios of segregation strategies on maize mixing from the
plot to the silo.

Our objective in this study was to know whether the adoption of GM maize in a farm had an

effect on resources allocations or not. We also wanted to identify under what conditions was the GM
maize cropped and in which farms and what was the allocation of GM and NGM maize in the farm in
order to improve the model.

MATERIALS AND METHODS

We chose to study 6 counties in the South-west of France where 25% to 63% of the maize
cropped in 2007 was GM in order to survey farms that, as GM and/or NGM maize producer, had had to

manage the coexistence between GM and NGM crops.
As we wanted to identify the determining factors of GM adoption and of cropping system choice,

we tried to survey the most varied sample of farms. We used the phone directory to build our sample of

23 farms, which we surveyed using semi-structured interviews (Miles and Hubermen, 1994).

A lot of data about the farm and its management was gathered, such as production resources
(area, soils, distances, equipment, labour), productions on the farm (crops, livestocks, income
repartition), technical choices in maize (cropping techniques, plots’ localisation, varietal choice, crop

succession, pest and disease management, coexistence means in 2007...), commercial and advising

relations but also farmers opinions about the advantages and constraints of GM maize from their point

of view.

We then synthesised and analysed these 23 interviews to identify the relations between these data
and the presence of GM maize or not on the farm, the coexistence means used and the localisation of

maize on the field pattern.
RESULTS AND DISCUSSION

The 23 farms we surveyed constitute a very diverse sample: 15 types of production combinations

can be found from the all-cereal producer (5 farms) to the cereal/duck/seed/orchard producer (1 farm).
In 7 cases, farmers had another activity either in relation with agriculture or not. Farm size varied from

33ha to 280ha with one to four workers on the farm. Maize was cropped on 7.6% to 80% of the UAA

(Usable Agricultural Area) and maize was the first contributor to the farm income in 13 farms.

In 2007, only NGM maize was cropped on 9 farms (but in one farm GM maize was cropped in
2006). In the 14 farms where GM maize was cropped in 2007, GM maize accounted for 5-80% of the

maize area. In 7 cases, GM maize represented 80% of the maize cropped.

As for the coexistence means, buffer zones were used in 14 farms cropping GM maize. Five
farms isolated their maize (GM, organic or seeds) from other maize. In 6 cases, neighbouring farmers
coordinated themselves to put in place a minimum distance between the GM and NGM plots. In two
cases only, the farmer cropping GM maize did nothing (distance from the nearest maize or pop-corn as
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neighbour). Thus, a majority of farmers put in place a buffer zone, generally of 24 rows of NGM maize
around their GM maize. Both the buffer zone and the 20% refuge area of NGM maize had been
recommended by the Ministry of Agriculture (MAP, 2007) and the French maize trade union (AGPM,
2006).

As for the cropping system in place for maize in the farms surveyed, we found maize
monoculture in 14 farms but the delay between two maize crop we found in farms was up to 7 years.
Corn-borer or sesamia was perceived as a problem in 12 farms but only 8 of those treated their maize
with an insecticide.

Using these data, we connected GM adoption to crop use, crop rotation, yield and pest presence.
No GM maize was found in farms with a specialised output for their maize (organic, seeds, duck force-
feeding). On the other hand, some factors increased GM adoption like high yield (no GM maize was
found for a yield of less than 100g/ha), corn-borer presence (GM maize was found in 9 cases out of 12
when corn-borer was present, whereas it was found only in 5 cases out of 11 without a corn-borer
perceived risk) and a high return of maize on the same plot (GM maize was found in 9 cases of
monoculture out of 10 and only in 1 case of long rotation out of 5).

This can be explained by the fact that farmers with a specialised output had contracts specifying
the use of NGM maize. As for farmers, with a high return of maize on the same plot or with a strong
presence of corn-borer, they had more risk of yield loss and used GM maize as a safety measure.
Farmers with a high yield had already optimised their cropping techniques in maize and their only
leeway left to improve their yield was to use a new variety, the GM maize, to eliminate the small yield
losses due to sanitary reasons. The same behaviour was observed on GM cotton (Hofs et al., 2006).

Farmers’ opinion of the GM maize cropped in 2007 and 2006 differed: in 8 cases, farmers
observed a yield increase (less than 15% in 6 cases and more than 15% in 2 cases), no effect in 6 cases
and a 12% yield loss in one case as compared to the NGM maize the same year. In 6 cases, farmers
observed an improvement of the sanitary state of the GM maize as compared to the NGM maize.

We thus found 3 kinds of reason for cropping GM maize: yield increase, sanitary state increase
and work organisation (2 cases). Three kinds of reason for not (re)cropping GM maize were also found:
technical reasons (no gain observed, other technical leeway to improve the yield), strategic reasons
(specialised productions) and ideological reasons.

As for maize location, the only determining factors were the irrigation equipment and in some
case the soil. No differences were found between GM and NGM maize crop management except for
the coexistence means and the cancellation of insecticide treatment of GM maize in the case of corn-
borer presence.

We are now beginning a comparison of our results with those found in another French region
where the constraints are different, Alsace, in order to integrate these results in a multi-criteria model of
maize allocation in space for France.

REFERENCES

AGPM. 2006. Guide des bonnes pratiques pour la culture du mais Bt. AGPM.

Angevin, F., E.K. Klein, C. Choimet, A. Gauffreteau, C. Lavigne, A. Messéan and J.M. Meynard.
2008. Modelling impacts of cropping systems and climate on maize cross-pollination in agricultural
landscapes: the MAPOD model. Eur. J. Agr. 28:471-484.

Coléno, F.C. 2008. A simulation model to evaluate the consequences of GM and non-GM
segregation rules on landscape organization. J. Int. Farm Manag. 4(3).

Hofs, J.L., B. Hau, D. Marais, M. Fok. 2006. Boll distribution patterns in Bt and non-Bt cotton
cultivars. I1. Study on small-scale farming systems in South Africa. Field Crop Res. 98:210-215.

Ministeére de I’ Agriculture et de la Péche. 2007. Communiqué de presse du 20 mars 2007. MAP.

Miles, M.N., A.M. Hubermen. 1994. Qualitative data analysis, an expended sourcebook. CA:
Sage Publications.

-100-



Farming Systems Design 2009, Monterey, California, USA

Intercropping of Chinese cabbage and maize — traditional system with
future potential for the North China Plain

Til Feike', Qing Chen?, Judith Pfenning®, Simone Graff-Honninger*, Wilhelm Claupein®
1.) Institute of crop production and Grassland Research, Universitdt Hohenheim, Germany
(tilfeike@uni-hohenheim.deT )

2.) College of Agricultural Resources and Environmental Sciences, China Agricultural
University, China
3.) Institute for Special Crop Cultivation and Crop Physiology, Universitat Hohenheim,
Germany

INTRODUCTION

Due to highly intensive agricultural production land and water resources are
continuously degrading in the North China Plain endangering future food security. The rapid
increase of vegetable production aggravates this trend, as vegetables demand significantly
higher inputs in terms of water, fertilizer and plant protection. There is an urgent need to
develop and disseminate more sustainable vegetable production systems in the region.
Intercropping, the cultivation of two or more crops in the same field is a traditional system in
the North China Plain. Farmers intercrop various vegetables with grain crops, trees and other
vegetables. Several studies showed that intercropping can use environmental resources more
efficiently and reduce leaching and erosion (Altieri, 1994; Liebmann, 2000; Zhang, 2003).

MATERIALS AND METHODS

In a seven to seven meter strip intercropping field trial with maize and Chinese cabbage,
we tested the influence of the neighboring crop on growth and development. Two irrigation
strategies “farmers’ practice” and “farmers’ practice minus 20%” were additionally tested. A
randomized block design with four replications was used. The rows were oriented in north-
south direction. The measurements were conducted in certain distances from the boarder of
the two crops. The rows next to the neighboring crop were exposed to a real intercropping
situation, whereas the rows in the middle of each strip were exposed to a monocropping
situation. Various growth parameters, like plant height, leaf area index, dry matter of all
above ground plant parts and growth stages were measured continuously over the growing
season. Additionally solar radiation and soil temperature were measured to determine the
effects on microclimate in the system. Two sets of Chinese cabbage, one in spring and one in
autumn were grown next to spring maize. The experiment was run at Quzhou experimental
station, China in 2008 and continued in 2009. Data were analyzed with the GLM procedure of
the Statistical Analysis System.

RESULTS AND DISCUSSION

Reducing the irrigation amount by 20% had no significant effect on yield of spring
maize and autumn Chinese cabbage. However, it had a significantly negative effect on the
yield of spring Chinese cabbage. As precipitation during the winter months is hardly
occurring in the region, sufficient irrigation previous to planting vegetables in early spring has
to be recommended. Even though maize reduced solar radiation in the first rows of autumn
Chinese cabbage by 30%, these rows produced a higher yield. The intercropped maize was
significantly smaller and had less leaf and stem dry matter. However, due to a significantly
higher harvest index, the plants in the first four rows over yielded the monocropped maize
(Fig.1). We assume that the reduced intra-specifies competition for light in the first rows of
maize allows the plants to generate a higher yield even though their leaf area is smaller. The
intercropped rows of both crops did not generate a better yield under lower irrigation
compared to the monocropped rows, and thus a higher water-use-efficiency could not be
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observed. Looking at the whole system of two sets of Chinese cabbage next to spring maize,
the first two rows of maize and Chinese cabbage produced a land equivalent ratio of 1.07,
rows three and four even of 1.09 (Tab. 1). It could be shown that this system generates
significantly higher yields compared to monocropping. Higher yields make the only
convincing argument for farmers to practice intercropping and moreover enhance a further
dissemination of the system.
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Table 1: Land equivalent ratios of spring maize (SM), spring Chinese cabbage (SCC),
autumn Chinese cabbage (ACC) and the whole intercropping system (LER).

Row SM SCC ACC LER
1&2 1.24 0.91 1.05 1.07
3&4 1.14 1.01 1.1 1.09
5&8 1.08 1.02 0.95 1.02
6 & 7 (monocr) 1 1 1 1
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INTRODUCTION

In the past 20 years crop scientists have identified that factors that maximize radiation
capture also maximize individual crop yield (Hay and Porter, 2006). However, in a farm system
each crop is part of a continuous sequence and it may be necessary to trade-off yield of
individual crops in the sequence in order to maximize the overall system yield. Isolated field
experiments of rotation sequences would have limited relevance due to strong location and
season effects on yield. However, simulation models could be used to design optimized
sequences. Simulation models focus on individual crop growth and yield, but recently modeling
platforms that link these models into sequences have been developed.

In this paper we present an example of a silage crop rotation used in New Zealand. This
system uses a maize crop sown in late spring-early summer followed by an autumn sown cereal
crop. Early sown maize crops have greater yields but force the premature harvest of a rapidly
growing cereal crop in spring. Similarly, longer season maize hybrids out-yield short season
hybrids but delay the sowing of the cereal crop. The influence of these trade-offs on the sequence
yield is poorly understood. To determine their impact we linked a maize simulation model (Li et
al., 2006; Wilson et al., 1995) with an established cereal model (Jamieson et al., 1998).
MATERIALS AND METHODS

The maize model was first validated against an experimental data set that included short,
mid and long season hybrids and 10 sowing dates. This validation had a RMSD of 4.4 t/ha (data
not shown) but slightly underestimated the yield of the long season hybrid from early sowings.
However, it simulated the trend of decreasing maize yields with delayed sowing date and was
therefore judged to be suitable for this analysis. The maize and cereal models were linked using
the LUCI framework model (Zyskowski et al., 2007).

Sequences were simulated continuously for 28 years at four sites (Canterbury, Taranaki,
Waikato and Northland) with differing spring and autumn transition dates between crops. The
simulated maize crop was harvested at silage maturity and different transition times were
achieved by altering the maize sowing date and the hybrid duration (short, mid and long season).
The cereal crop was sown one day after maize harvest and cereal harvest occurred one day
before the next maize sowing.

RESULTS AND DISCUSSION

Results were similar for all four sites so data are only presented for Waikato (Figure 1).
Maize yields progressively declined as the maize sowing was delayed. At sowing dates before 1
Dec this reduction was offset by an increased cereal yield. However, at sowing dates later than 1
Dec the increase in cereal yield was less than the reduction in maize yield. As a result, the total
sequence yield (averaged across the three hybrids) increased from 38.3 t/ha for a 20 Sep sowing
to a maximum of 41.1 t/ha for a 1 Dec sowing, and then decreased to a minimum of 38.1 t/ha for
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a 6 Jan sowing. The long hybrid gave the greatest maize yield but meant that autumn sowing of
the cereal crop was delayed; however, this had only a negligible effect on cereal yield. Thus, the
long season maize hybrid gave the greatest sequence yield. The advantage of the long season
hybrid decreased with delayed sowings.

The yield differences between the sequences could be explained by the capture and
utilization of solar radiation. The maximum solar radiation was intercepted by the long season
hybrid sown on 1 December (Figure 2). This minimized the transition, from a closed canopy of
one crop to a closed canopy of the next crop, in order to maximize solar radiation interception. A
20 Sep maize sowing took longer to reach canopy closure due to cool spring temperatures. Thus,
each delay in sowing up until 1 Dec increased the total radiation intercepted. Delaying maize
sowing past 1 Dec decreased seasonal crop DM yield because it decreased total solar radiation
interception and the proportion of solar radiation intercepted by maize (Figure 2). During
summer maize has a greater radiation use efficiency (Sinclair and Muchow, 1999) than cereals.

This simulation study showed that the yield trade-offs between subsequent crops can be
managed to maximize sequence yield. The largest sequence yields were achieved by choosing
appropriate transition times between crops so that solar radiation capture was maximized; and
ensuring that the most efficient crops were capturing this solar radiation at the appropriate time.
In the present case sowing a long season maize hybrid around the 1 Dec achieved these goals.
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Principles and modelsfor circular agriculture development in China
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From the mid-20th century, the circular economy was developed in many countries under the
influence of sustainable development. Agriculture, as the basic industries for human, which has
the ten thousands of years of history, experienced different developing stages from primitive
agriculture, traditional agriculture, conventional modern agriculture and to sustainable agriculture.
World agriculture is also facing many serous challenges, such as the resources shortage, ecology
degradation, environment pollution and energy crisis.

In China, Artificial energy input, such as fertilizers, pesticides, agricultural film, irrigation and
agricultural machinery promoted the rapid development of agriculture, but it increased the
consumption of fossil energy and production cost as well. About 20% of the agricultural labors,
30% of the fertilizers, 25% of the pesticides and 25% of the irrigation water of the world have
been occupied in China agricultural production. From 1990 to 2005, fertilizers application has
been increased from 25.9x10° t to 47.7 x10° t (pure discount), pesticides input has been increased
from 7.61x10° t to 1.46x10° t, agricultural film input has been increased from 6.42x10° t to
1.35x10° t, and the total power of agricultural machinery input has been increased from 5.9x10’
kw to 1.26x10° kw. Cultivated land decreasing and water resource shortage were the two main
factors limiting Chinese agricultural further development. At present, excessive fertilizer
application and low use efficiency were common problemsin china Fertilizer application was 357
kg hm?in 2003 in china, which 4 times of American, and fertilizer use efficiency of N, P, K were
only 30%, 10-20%, and 35-50%, respectively. This problem also occurred in pesticides . The
annual output of agricultural film reached 1.0x10° t, and increase by 10% annually. Morever,
greenhouse gas and serious waste during agricultural production were widespread.

So it is imperative to explore the “circular way” to promote agriculture sustainable
development. In this article, the concept and bisic principles were identified and the supporting
technol ogies were discussed for China circular agriculture (CA)devel opment.

1 The concept and basic principlesfor circular agriculture

The concept of the CA is dtill under discussion at present. What is CA?ln our opinion,
according to circular economy, CA will achieve the multi-level recycling use of matter and
resources, and reach the maximum of resource use efficiency, minimum of external energy input,
high efficiency recylinization of renewable resource and controlling the hazardous being and
pollutant. So CA is a mode that suited for sustainable agriculture, with the characteristic of “high
economy efficiency, available technology, ecological safety, environment friendly and social
approval ”. And the “4R” rules should be obeyed to develop CA: “Recycle” for the waste resource,
“Reuse” for the renewable resource, “Reduce” for the merchandise reosurce and “Regulating” for
the pollution emission materials.

The main difference between circular agriculture and traditional agriculture as follows: More
attention was paid to the application of the concept of circular economy to agricultural production.
The “life cycle control” was promoted in the whole process of agricultural production and process
of agricultural products. High investment, high-yield, high consumption, high emission is not
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encouraged in circular agriculture. On the contrary, more attention was paid to the establishment
of production targets of resources efficient use, minimizing external input and minimizing
pollutant emissions.

2 Basic model of circular agriculturein china

2.1 Recycling production model, including kinds of multi-cropping pattern and
comprehensive utilization of straw. The typical multi-cropping model in China were
mai ze/soybean, wheat/phoenix tree, rape/early rice/late rice, tree/fungus, and so on. The straw
comprehensive utilization pattern including: the wheat root stubble and maize stalks crushed are
returned to the field, total maize straws crushed is incorporated into the field, total wheat and
maize straws crushed are incorporated into the field, maize straws uncrushed is incorporated into
soil, and no-tillage with straw mulching on soil surface.

2.2 Combination cultivation and raising industry, Which including:the circular patterns of
crop-livestock represented by grain and pig, the circular patterns of grass —livestock, the circular
patterns of rice-fish ecosystem, the dimensional patterns of rice- ducks in paddy fields, and the
circular patterns of fish pond-dike system.

2.3 Agricultural wastes processing and using. Various patterns were developed in the past
more than 20 years in china, including:pattern of transforming agricultural wastes into biomass
energy, pattern of using agricultural residues cultivating fungus (mushroom), circulation pattern of
waste substrate of mushroom, comprehensive utilization pattern of excrements and sewage in
breeding farm, comprehensive utilization pattern of corncob, circulating pattern of straw stalk
transformed into the paper pulp and the fertilizer, and mixed pattern of straw raising Lotus or
Lotus-fish.

3 conclusion

Along with the rapid economy development in China, it is necessary to set up a new
production and consumption pattern following the theory of circular economy based on utilizing
resources and energy in the most effective way and protecting environment. The technology
innovation of the CA can not only solve the contradiction among the fast devel opment of economy,
the correspondingly deficient resources and the environment pollution in China, but also is the
strategic demand of the sustai nable development of science and technology in China.
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INTRODUCTION

In order to extend the use of simulation models for the design of innovative cropping
systems, the French Research Institute INRA has launched the RECORD project for the
development of a modelling and simulation software platform for crop scientists. The platform is
now available and is currently evaluated on several cropping system modelling projects before its
larger diffusion in INRA research laboratories.

RECORD is a platform designed for developing models of cropping systems, including
crops, soils, pests, pathogens and farm managers, at different spatial and temporal scales. Scientists
will use the RECORD platform to develop new models as modular components, to re-use and
combine them in order to represent cropping systems and to share them with the community. In
accordance with these specifications, the generic VLE (Virtual Laboratory Environment) simulation
platform, an object-oriented programming software based on the DEVS formalism, has been chosen
as the simulation kernel.

The second objective of the RECORD platform is to allow scientists to work with this
simulation models: designing simulation experiments for parameters estimation, sensitivity
analysis, optimization. The solution proposed by RECORD consists in using generic or specific
methods developed with scientific softwares like R, which are directly linked with VLE.

DEVS MODELS AND VLE

The Modeling and Simulation (M&S) theory (Zeigler et al., 2000) addresses major issues of
computer sciences, from artificial intelligence to model design and distributed simulations. The
DEVS discrete event formalism of the M&S theory is a common framework (formal and
operational) for the specification of dynamical systems. DEVS defines an atomic model as a set of
input and output ports and a set of state transition functions. Every atomic model can be coupled
with one or several other atomic models to build a coupled model. This operation can be repeated to
form a hierarchy of coupled models. The set of atomic and coupled models and their connections
forms the structure of the model.

The VLE Virtual Laboratory Environment (Quesnel et al., 2009) is an original framework
that can be used to model, simulate, analysis or visualize dynamics of complex systems. It is a free
and open source software and its API (Application Programming Interface) that provides C++
libraries which support multi-modeling and simulation by implementing the DEVS abstract
simulator. VLE is oriented toward the integration of heterogeneous formalisms like ordinary
differential equations, difference equations, finite state automata, cellular automata, etc.
Furthermore, VLE is able to integrate specific models developed in most popular programming
languages into one single multi-model.

BUILDING MODELS WITHIN RECORD

The model construction of a specific cropping system is conducted through a three-steps
approach. First, the systemic analysis of the cropping system allows to define the different atomic
or coupled models to implement, their hierarchical organization and their granularity. Then, atomic
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models are implemented as VLE components. Finally, these components are linked in order to
define the whole cropping system model.

Atomic components can be built in different ways. Models based on various formalisms, e.g.
differential equations, difference equations, state automata, cellular automata, decision rules, can be
either described directly at the modelling language level or using the C++ API of VLE. Models
originally developed outside the platform can be easily adapted and included within RECORD. The
crop model STICS (Brisson et al., 1998) was thus recently included within RECORD after several
adaptations: the time and the spatial dynamics was delegated to the VLE simulation engine, the
procedure of model initialization was modified, and the program was encapsulated.

The linkage of components can be done through gvle, the graphical interface of VLE. With
this interface, modellers can visualize the whole model at its different hierarchical levels. Atomic or
coupled submodels can be included for building the whole model. The persistence of the linkage
work is provided by an xml file (extension vpz) which is automatically generated by saving the
work within gvle.

WORKING WITH MODELS

People working with RECORD are modellers, model linkers, and model users. RECORD
provides functionalities adapted to their specific requirements. For modellers, a wide range of API
classes and numerical libraries cover the needs for cropping systems modelling. A repository of
validated and well documented models allows model linkers to “pick up” existing components. The
gvle interface of the platform can be used to plan model simulations and to specify the type of
needed outputs. Users can also work directly from the R statistical software, or run simulations on a
distant server through a web-interface.

PERSPECTIVES

For some months, several models, e.g. crop rotations (Dury et al. 2009), TNT2 (Beaujouan et
al., 2002), STICS (Brisson et al. 1998), and statistical methods (Quesnel et al. 2009) have been
developed or reimplemented within RECORD/ VLE. The platform is planned to be launched in
spring 2010 (see http://record.toulouse.inra.fr).
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INTRODUCTION

Continuous wheat is one of the most common cropping systems in Mediterranean countries,
especially in rainfed conditions. This cropping system is characterised by low input (tillage,
fertilisers and pesticides), but it can produce detrimental effects on soil fertility (Blair and Crocker,
2000). Consequently, it may be necessary to increase the level of technical input to obtain a
satisfactory grain yield or, alternatively, could be useful to use crop rotations. Aim of this work is to
simulate durum wheat (Triticum durum Desf.) in continuous cropping and in 2-year and in 3-year
rotation with chickpea (Cicer arietinum L.) and sunflower (Helianthus annuus L.) to evaluate the
cropping systems response on a long-term basis, by different points of view.

MATERIALS AND METHODS

The CropSyst simulation model (Stockle et al., 2003) was previously calibrated and validated
for sunflower (Donatelli et al., 1997), durum wheat and legume crop (Garofalo et al., 2008) and
recalibrated for chickpea. It was used in a seasonal analysis (54 years of daily weather data) to
compare wheat (DW) cropped as “continuous crop” (CC) and in sequence with sunflower (SF) and
chickpea (CP) in 2-year (DW;-CP and DW;-SF) and 3-year (DW;-DW,-CP, DW;-DW,-SF), where
the pedix indicate the wheat after chickpea or sunflower (DW;) and after wheat (DW,). For the 2-y
and 3-y rotations the simulation runs were performed starting with the different crops. DW was
fertilised with 100 kg of nitrogen ha™, whereas SF with 120 kg ha™ split in two applications. No
nitrogen application was simulated for CP. Only for SF one irrigation (80 mm) at flowering was
managed. Crop residues were removed in the case of DW and SF and soil incorporated for CP.
Weather data, soil characteristics and typical crop management for all the crops in Southern Italy
were used in simulation input files. The main crop productivity components, ETc, soil nitrogen and
organic matter content and net income (gross margin minus expenses) were examined.

RESULTS

CropSyst model simulated a positive effects (Tab. 1 and 2) for biomass and grain yield of DW,
if CC is grown with other crops in a rotation, either CP or SF, with an increase of dry biomass over
7% and 4.6% on average for grain yield, considering 2-y and 3-y rotations. This improvement can
be explained by a greater soil water content at sowing for DW in sequence with the other crops,
which produced an higher nitrogen uptake (Tab. 1 and 2). For DW in sequence with CP, the higher
soil moisture was due to the legume root depth (over 1.2 meter) and greater WUE (Garofalo et al.,
2009), whereas for SF the irrigation at flowering ensured discrete residual moisture for the
following crop. Improvement of soil organic matter was also observed for DW in sequence with
both crops, with an increase of 3% on average.

Considering SF and CP crops, no significant variation of examined variables was noticed
between the 2-y and 3-y rotations, except the soil organic matter content in SF (higher in 3-y) and
net income for CP (higher in 2-y rotation). Tables 1 and 2 show as the net income of DW increased
of 18% if rotated with CP (208 vs. 177 € ha™) and 8% if rotated with SF (190 vs. 177 € ha™).

Finally, if we consider the net income of whole cropping system, the introduction of chickpea
significantly increased the profitability (354, 125 and 177 € ha™*, respectively for cropping systems
with CP, SF and for CC).
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CONCLUSIONS

The simulation results indicated that growing wheat in a rotation with chickpea or sunflower
may lead to higher and more stable yields than growing wheat as a monocrop. This is particularly
true when growing it with chickpea, thanks to a lower water consumption by the legume crop; this
crops ensures also advantages from an environmental point of view, considering the N-fixation
capability of CP and the organic matter enrichment. Moreover, crop legumes do not require
nitrogen fertilization and irrigation (Rinaldi et al., 2008), and consequently reduce the management
cost, with the benefit related to farmer’s income.
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Table 1 — Long-term (averages and standard deviations) of CropSyst simulated output for the three
crops in the different cropping systems.

TDM Yield ETc N uptake Soil o.m. Net income
(t ha™) (tha™) mm (kg ha®) % (E/ha)
Wheat
CC 781 (x1.77) 227 (x058) 335(+48) 147 (x31) 1.15(x0.02) 177 (+151)
DW,-CP 8.76 (x1.35) 257 (x0.42) 350(x43) 177(x15) 1.21(x0.03) 226 (+123)
DW,-SF 8.34 (+1.57) 2.43(x0.50) 342(x46) 183(x33) 1.17(x0.01) 187 (+134)
DW;-DW,-CP  8.64 (£1.25) 2.53(+0.39) 349 (+43) 166 (x17) 1.21(x0.03) 218(x92)
DW,- CP-DW,; 8.26 (£1.65) 2.41 (x0.53) 340 (x47) 167 (x22) 1.20(x0.03) 181 (+143)
DW;- DW,- SF  8.20 (+1.46) 2.39(x0.47) 342(x46) 160 (x34) 1.17(x0.02) 180 (+116)
DW,-SF-DW,; 8.15(£1.69) 237(x0.54) 338(+x48) 167 (x34) 1.17(x0.02) 204 (+142)
Sunflower
DW;-SF 6.39(£1.95) 1.96(x0.60) 337 (x45) 176(x30) 1.15(x0.01) 12(x179)
DW,-SF-DW; 6.38(x1.87) 1.96(x0.56) 338(+45) 168(x26) 1.22(+0.11) 10 (+169)
Chickpea
DW;-CP 8.74 (£3.07) 2.00(x0.76) 291(x38) 202(x77) 1.20(x0.03) 672 (+403)
DW,-CP-DW; 858 (+3.17) 1.97(x0.78) 289(+39) 201(+£80) 1.19(x0.03) 474 (+420)

Table 2 — Statistical significance of orthogonal contrasts of analysed variables for durum

wheat, sunflower and chickpea (ns. = not significant; * = P <0.05; ** =P <
0.01; *** = P < 0.001).

Contrasts  TDM  Yield ETc Nuptake Soilo.m. Netincome
(tha’) (tha) mm (kgha?) % (E/ha)

Wheat

CC VS ALL * * ns **k%k *k%k **

2-y vs 3-y ns. ns. ns. Fx ns. ns.
DW; vs DW, ns. ns. ns. *x *x Fx

CP vs SF ns. ns. ns. ns. ns. ookl
Sunflower

2-y vs 3-y ns. ns. ns. ns. el ns.
Chickpea

2-y vs 3-y ns. ns. ns. ns. ns. **
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INTRODUCTION

The growing concern about the environmental impacts of farming practices is driving an
increasing number of farmers to adopt crop management systems combining low input levels and
varieties resistant to several diseases. In turn, over the last 20 years, French breeders have been
working on improving resistance of winter wheat varieties to the main diseases (Lonnet, 1997).
Meanwhile, the world population has been constantly increasing, requiring an increase in wheat
production and thus an increase in varietal productivity.

These varietal characteristics are thought to be antagonist. In fact, several studies have shown
a yield penalty of disease resistance in winter wheat (Brown, 2002). This penalty must be clearly
quantified in order to be able to forecast the global loss of potential wheat production if those
systems combining low input levels and resistant varieties were adopted at a larger scale.

MATERIALS AND METHODS

To quantify the impact of the main disease resistances on the potential yield (the yield
achieved without any disease in the crop), we used data from GEVES, the French organization in
charge of the registration of new varieties. These data involve 192 winter bread wheat varieties
assessed in the northern part of France between 1991 and 2007. During the registration process,
each variety has been assessed in trials carried out on 7 to 20 sites over 2 successive years. In each
trial, the varieties were grown under two cropping systems, one totally protected against diseases
providing the potential varietal yields (PY) and another one with no disease control used to assess
varietal resistance to the main diseases according to a 1 to 9 discrete scale.

In order to take into account the complexity of the trial network design into our statistical
treatment, we used a mixed model considering genotype effects of interest as fixed and environment
effects or residual genotype effect (GEN’) as random. The environment of the trial was described
by two nested grouping levels: (i) the year (YEAR) and (ii) the location into the year (LOC). In our
study, the genotype fixed effects are the following genotype characteristics known to have an
impact on yield: (i) wheat quality (WQ: factor presenting two levels, common quality [CQ], and
superior quality [SQ)]), (ii) first year assessment (FYA: this variable will allow to assess the genetic
improvement between 1991 and 2006) and (iii) disease resistance. As the list of disease resistance
assessed during the registration has slightly changed in the last 16 years (because of the evolution of
main disease pressures in France), we first used in our model an overall resistance (OR) for each
variety estimated by averaging all the disease resistances characterized at the time of its registration.
In a second step, we considered individually the resistances of brown rust, yellow rust, powdery
mildew, septoria tritici blotch, septoria nodorum blotch, eyespot and fusarium.

Since each variety has been assessed on a 2 successive year period, there is an important risk
of confusion between the effect of the trial year (YEAR) and the effect of the first year assessment
(FYA). To best estimate the trial year effect and thus reduce this risk of confusion, we considered in
our study 16 winter bread wheat varieties grown as reference varieties in each trial on several years
(from 2 to 16 years). To make the difference between those reference varieties and the assessed
varieties, we introduced a factor STATUS presenting two levels (REF for the reference varieties
and ASS for the assessed ones). The statistical analysis was then realised with the following model:
PYtijk ~u+ STATUSt+ STATUSt:WQi + STATUSt:FYAi + STATUSt:ORi (fixed effect)

+ STATUSt:GEN'’i + YEARj + LOCjk + etijk (random effect)
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RESULTS

Enhancing the quality of bread wheat has a small negative impact on yield. In fact, the yield
of SQ varieties is on the average 43 kg/ha smaller than the one of CQ varieties (Table 1).

The potential yield increased by 54 kg/ha each year over the last 16 years (Table 1). This
increase due to genetic improvement, confirms the annual yield improvement assessed by
Brancourt-Humel et al. (2003) over a period of 50 years between 1946 and 1992. However, this
improvement is lower than the 90 kg/ha/an assessed on winter wheat in trials between 1991 and
1999 (Luciani, 2004). By selecting in our database, we showed that the yield has increased by
85 kg/ha/an (sd=16 kg/ha/an) before 2000 and only by 11 kg/ha/an (sd=13 kg/ha/an) between 2000
and 2006. Thus the yield progress seems to have sharply decreased over those last six years!

Finally, the overall resistance has a significant impact on potential yield. Indeed, a one point
increase of this resistance decreases the potential yield by 112 kg/ha (sd=25 kg/ha) (Table 1). Thus,
in a disease free context, the yield achieved by a resistant variety (GR=7) will be 0.5 t/ha lower than
the one achieved by a sensitive variety (GR=3). Furthermore, this resistance impact ranges from 2
to 65 kg/ha/U according to the disease considered (Table 2). However, the cost of resistance is all
the smaller that the disease pressure increases in the field. For instance, Zhang et al. (2005) have
shown that for a potential yield of 9 t/ha and a medium intensity (4 on a 0 to 8 discrete scale) of
brown rust, yellow rust, septoria tritici blotch and powdery mildew in the environment, increasing
the varietal resistance of one point can decrease the yield loss of respectively 68 kg/ha, 76 kg/ha,
112 kg/ha and 50 kg/ha, which compensate the cost of the resistance to each of those diseases.
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Table 1: Estimation of mixed model fixed effects for the assessed varieties (STATUS=“ASS”)

Fitted value Standard deviation .
v 9.528 tons/ha 0.189 tons/ha kg: kilogramme
WQ="SQ”  -43kgha 40 kg/ha ha: hectare | |
FYA 54 kg/ha/year 5 ke/ha/year U: unit of dlsea§e resistance
OR -112 ke/ha/U 32 kg/ha/U on a 1 to 9 discrete scale

Table 2: Estimation of varietal resistance cost by disease

Fitting period Fitted value = Standard deviation
Sfusarium 1991-2002,2005,2006 -2 kg/ha/U 21 kg/ha/U
yellow rust 1991-2006 -9 kg/ha/U 12 kg/ha/U
eyespot 1991-2006 -21 kg/ha/U 12 kg/ha/U
brown rust 1991-2006 -23 kg/ha/U 13 kg/ha/U
septoria nodorum blotch 1991-2003 -33 kg/ha/U 24 kg/ha/U
powdery mildew 1991-2006 -49 kg/ha/U 18 kg/ha/U
septoria tritici blotch 1999-2006 -65 kg/ha/U 26 kg/ha/U
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INTRODUCTION

The growing concern about the environmental impact of farming practices, combined with the sharp
increase of input prices, leads even more farmers to adopt crop management systems requiring lower
level of inputs. Yet high yielding winter wheat cultivars obtained poor yields when grown with a low
level of inputs (Loyce et al. 2008). In order to select cultivars able to maintain satisfying yield when grow
under low-input crop management systems, breeders must adapt their varietal evaluation system. Up to
now, this evaluation system has been composed of trials carried out during several years and locations
representative of the target growing area, but in a very low range of crop management systems. Most
trials were carried out under intensive conditions in order to select high-yielding cultivars. As it is too
costly to test all cultivars under low input systems, agronomic models seem valuable tools to forecast the
performance of new cultivars in crop management systems unexplored by the multi-environmental trial
network. This presentation aims at assessing the predictive and decisional quality of Betha-var (Loyce et
al. 2002; Zhang et al. 2005), a parsimonious static model simulating the performance of cultivars under a
wide range of crop management systems.

MATERIALS AND METHODS
We used in this study experiments carried out in 2003 on four locations in the west and north of

France. In each trial, 20 wheat varieties were grown under two different crop management systems, a

high-input one (HI) and a low-input one (LI).

In a first step the Betha-var model was assessed on its predictive value for yield. This first
assessment was based on the calculation of the relative root mean squared error of prediction (RRMSEP).

In a second step, another type of assessment was realised, aiming at testing the capacity of the
model to help the user to take an appropriate decision. To do it, we proposed a methodology for
evaluating the decisional quality of an agronomic model. The steps of this methodology are detailed
below and illustrated by our breeding study case:

(i) Identification of the main end-use of the model: in our case, the breeder is interested in selecting,
from experimental results obtained on HI trials, the cultivars best suited to a low input crop
management system.

(if) Design of relevant indicators to assess the decisional quality of the model: we proposed two different
indicators :

a. Number of cultivars (among the n best cultivars grown under LI) identified by the Betha-var
model fed with HI trials results;

b. Mean yield loss due to the use of Betha-var model on HI trial results instead of L1 trials to identify
the n best cultivars under LI. The mean yield loss is defined as the difference between the mean
yield of the n best cultivars under LI and the mean yield of the n cultivars identified by Betha-var
model fed with HI trial results.

(iii) Definition of a reference value above which the model can be considered good enough: since we
want to assess the adding value of Betha-var model, our reference is the value of each indicator
obtained thanks to the trial results under HI (without using the model) to make a choice under L1I.
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RESULTS

With a RRMSEP equal to 29%, the model showed a low predictive value not better than the one of
a median model without cultivar effect. This first assessment of the model would lead to conclude that
Betha-var model is not useful for a breeder mainly interested in predicting cultivar yield under LI crop
management system.

Nevertheless, despite this low predictive value, the Betha-var model used in a breeding context
enhanced the decisional quality in a significant way. Indeed, the model fed with HI trial results always
allowed identifying more cultivars well suited to LI than the simple use of experimental results under HI
(Figure 1). Furthermore, whatever the number of cultivars we want to identify, using the Betha-var model
to make a choice leads to yield losses twice as low as those obtained with only HI experimental results
(Figure 2).

Thus, more than the adding-value of the Betha-var model in a breeding context, this study shows
the importance of assessing a model not only on its predictive value but also on its ability to help the user
to make the right decision.
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INTRODUCTION

Worldwide, water for agriculture is becoming increasingly scarce. Suggested pathways to
increasing water productivity (WP) in rice-based farming systems include the incorporation of non-
flooded crops and pastures into traditional rice rotations, changed agronomic and/or irrigation
practices, reduction of non-productive water loses, and genetic improvement. Simulation models
are excellent tools to explore the limitations and opportunities for increasing WP. The APSIM
farming systems model (Keating et al. 2003) has a proven track record in modelling the
performance of diverse farming systems, rotations, fallowing, crop and environmental dynamics.
However for rice-based systems the major drawback has been the lack of significant descriptions
for soil processes under anaerobic conditions. Other models which are able to capture such
anaerobic soil processes are unable to provide the degree of flexibility for assessing changed
management practices that APSIM offers. For that reason, work to incorporate the required
aerobic-anaerobic soil modelling functionality within APSIM has been undertaken. Up until now, it
has been impossible to simulate the complete C&N dynamics in complex farming systems that
involve rice in rotation with other crops and pastures. In this paper we report how we incorporated
this functionality into APSIM, and on the ultimate aims for the modelling framework.

DESCRIPTION OF MODEL

A key challenge was simulation of transitions between flooded and non-flooded soil environments.
It was a design criteria that this transition be contingent on continuous hydraulically-modelled
variables, rather than an arbitrary ‘switch’ when one phase had finished and the next begun. Both
the APSIM modeling framework and the ORYZA2000 rice model have been described in detail
previously (Keating et al. 2003, Bouman and van Laar 2006.). The following (a-d) is a brief
description of the new system elements which were introduced into APSIM. a) Pond C and N loss
and gain mechanisms. Ponded water introduces a range of C and N loss and gain mechanisms not
present in aerobic soil environments. These include significant volatilization of ammonia (NHs)
from the free water surface, and the growth of photosynthetic aquatic biomass (PAB - algae) which
plays a significant role in regulation of many processes and may be N-fixing. b) Fertiliser applied
into pond. In rice-based systems, fertiliser is often applied as urea directly into the pond. This
fertiliser is then subject to hydrolysis, potential losses via ammonia volatilization, diffusion into the
soil via mass flow and adsorption, and ultimately uptake by the rice plant. c) Surface organic
matter decomposition in pond. Surface organic matter decomposition in water take place at slower
rates than decomposition in air d) Reduced rates of soil organic matter decomposition and cycling.
In an anaerobic soil profile saturated for extended periods, reduced rates of organic matter
decomposition and cycling are likely to be a significant factor in modelling system behaviour (Jing
et al 2007).

The chemistry of the ponded layer is modelled by a new module, APSIM-Pond, and the chemistry
of the soil layers by APSIM-SoilN. These two modules communicate with each other on a daily
basis to transfer nutrients via a central engine according to standard APSIM protocols (Keating et al
2003). We assume that N is only available for uptake by the rice crop once it is in the soil layers (ie
from the SoilN module), as per other APSIM crops. The presence (or absence) of a ponded surface
layer is determined hydraulically by the APSIM Soilwat module and this also provides the “trigger’
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for smooth transitional changes to rate constants governing organic matter cycling and
decomposition within the soil, and of crop residues on the soil surface or in the pond.

RESULTS AND DISCUSSION

Model evaluation is provided against a multi-year crop rotation experiment at Coleambally, NSW,
designed to examine the impact of various land-forming and irrigation practices. We simulated a
flat-bed layout with conventional irrigation (Beecher et al. 2006). Figure 1 illustrates acceptable
model performance in this rice-wheat rotation on heavy clay soil with direct-sown temperate rice in
a southern Australian climate, however the new modelling framework has also performed
acceptably with tropical transplanted cultivars, porous soils, SE Asian climates, and in rice-legume
rotations. A future challenge will be simulation of C & N dynamics in new and emerging rice water
management practices such as alternate wet-and-dry. To this point, the demonstrated ability of the
framework to capture the nutrient dynamics both within and between anaerobic soil phases is
encouraging. The ultimate aim for this modelling framework is to provide a tool for future studies
on adaptation in complex farming systems which involve rice in rotation with other crops and
pastures. We have yet to test our assumptions on algal turnover and incorporation on long-term
system nutrient dynamics, and are actively seeking evidence to test our assumptions. This work is
part of a wider initiative on modeling rice within diverse farming systems, and parallel work is
being conducted by IRRI and WUR on enhancing the capacity of ORYZA2000 to model the rice
crop response to drought stress, extremes of temperature and increased atmospheric CO,. Within
the farming systems modeling framework described in this paper, the ultimate aim is to provide a
robust simulation platform for evaluating rice-based farming system adaptation strategies in
response to climatic changes and changes in water availability, internationally.
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Effects of Tillage on Paddy Sail
Carbon Management Index under
Long-term No-tillage

Guofeng Sun, Hailin Zhang”, Fu Chen™

(Key Laboratory of Crop Cultivation and Farming
System, Ministry of Agriculture, College of Agronomy
and Biotechnology, China Agriculture University,
Beijing 100193, China)

INTRODUCTION

Compared with conventional tillage, no
tillage could provide several benefits including
increased fuel and labor efficiency, reduced
production costs, and decreased soil erosion
(Shipitalo and Edwards 1998; Stockfisch et al.
1999). Such conservation tillage is commonly
used in paddy soil in Southern China. However,
the long-term conservation tillage has caused
some weed control problems, covered with
heavy residues and organic C, increased subsoil
bulk density, and reduced yield (Blanco-Canqui
and Lal 2007; Camara et al. 2003). Therefore, it
is necessary to study the tillage ration on the

long-term no tillage paddy field.

Soil C management index (CMI) which
based on the integration of both soil organic C
pool and labile C fractions can provide a useful
parameter to assess the capacity of
management systems into promote soil quality
(Blair et al. 1995; Vieira et al. 2007). When the
trends were in the same direction as for both
soil C pool and the ratio of labile C to total
organic C, the higher CMI increased, the better
quality of soil C pool can be indicated, and vice
versa. The effects of soil type, fertilization,
farmland ecosystem on soil CMI have been
well documented elsewhere (Blair et al. 2006;
Vieira et al. 2007). However, there has been
very little research on the soil CMI that
affected by tillage rotation management. The
objective of this study was to determine and
evaluate the effects of different tillage rotation
systems on paddy soil with 7 years no-tillage.
The information we obtained will be useful to

* Has the same contribution as the first author in this
work. E-mail address: hailin@cau.edu.cn

¥ Corresponding author. E-mail address:
chenfu@cau.edu.cn

supply groundwork and knowledge for
establishing tillage rotation mode in the double
rice cropping region.

MATERIALS AND METHODS

The experiment was conducted in Dongfu
town (27°37.8'N, 113°32.5°E) of Liling in a
double rice cropping region. Average annual
precipitation is approximately 1429 mm and
annual mean temperature is about 17.6°C. For
the sake of comparison, continuous no-tillage
(NT), rotary tillage (RT) and conventional
tillage (CT) were conducted at the no-tillage
paddy field in April, 2006. In the half field of
rotary tillage (RT) and conventional tillage
(CT), no-tillage (NT) was proposed in April,
2007. Treatments were NT-NT, CT-CT,
CT-NT, RT-RT and RT-NT, respectively. The
same tillage methods were used for early rice
and late rice. Each had 3 replications. Soil
organic C was determined by dichromate
oxidation wusing modified Mebius method
(Yeomans and Bremner 1988). Labile C was
determined by oxidation with 333 mM KMnQO,
according to the method by Blair et al. (1995).
The CMI proposed by Blair et al. (1995) was
calculated as following:

CMI = CPI X LI x 100 (1)
Where, Labile C Index (LI) = Lsample (2)
reference
s labile C
Lablllty of C (L) = W (3)
C Pool Index (CPI) = —22L C i sample (4)

total C in reference

In our study, the long-term no-tillage soil
was used as the reference. The content of
non-labile C was estimated from the difference
between total organic C pool and the labile C.
The SPSS 11.5 analytical software package was
used for all statistical analyses.

RESULTS AND DISCUSSION

For the surface soil (0-0.05 m), the CMI of
NT-NT was significantly (P < 0.05) greater
than that of CT-CT and RT-RT treatments. In
addition, the CMI were significantly (P < 0.05)
higher for CT-NT and RT-NT than CT-CT and
RT-RT, respectively. The greater CMI with
continuing NT at the surface soil was largely
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due to accumulation of soil surface organic C
(Franzluebbers 2002) that keep higher CPI
against tillage rotation treatments. And the CPI
and LI were significantly greater for CT-NT
and RT-NT than CT-CT and RT-RT at the 5%
level, respectively.

However, for the subsoil (0.05-0.20 m), the
CMI of NT-NT was significantly (P < 0.05)
lower than that of CT-CT and RT-RT. The
lower CMI with continuing NT were results of
CPI and LI which were significantly (P < 0.05)
lower for NT-NT than CT-CT and RT-RT
treatments. In addition, the CMI were
significantly lower for CT-NT and RT-NT than
CT-CT and RT-RT at the 5% level,
respectively. Such results can be explained by
that the CPI were significantly (P < 0.05) lower
for CT-NT and RT-NT than CT-CT and RT-RT,
and the LI were lower under CT-NT and
RT-NT than CT-CT and RT-RT, but it was not
significant at the 5% level, respectively.

Compared with the reference (NT-NT with
CMI defined as 100.00), the means of CMI in
the arable soil layer (0-0.20m) increased with
CT-CT and RT-RT by +10.68% and +27.58%,
respectively. Such results can be explained by
that the means of labile C index (LI) increased
with CT-CT and RT-RT by +5.8% and +20.7%,
respectively. In addition, the means of C pool
index (CPI) increased with CT-CT and RT-RT
by +3.8% and +5.0%, and decreased with
CT-NT and RT-NT by -6.6% and -5.7%,
respectively. Thus, the means of CMI were
greater for CT-CT and RT-RT than CT-NT and
RT-NT in the arable soil layer, respectively.

In conclusion, the CMI can increase with
continuing NT treatment at the surface soil
(0-0.05m) and decrease in the subsoil layer. In
addition, the means of CPI, LI and CMI tended
to increase with tillage (which were higher in
RT than CT treatment.) under long-term NT
treatment in the arable soil layer (0-0.20m).
Thus, the quality of soil C pool tended to be
higher under CT and RT compared to
long-term NT treatment.

A similar result was found in Oct, 2008.
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Table 1

Paddy soil C pool index (CPI), Lability of C (L), Labile C
index (LI) and C management index (CMI) affected by tillage
treatments (NT: no-tillage; CT: conventional tillage; RT: rotary
tillage) in Oct, 2007.

D/iﬁih Tillage  CPI L LI %%')'
NT-NT 1.000a 03070 1.000c  100.00D
CT-CT 0747e 0296c 0964d 7199

05 CT-NT 0835d 03150 1.02bc  85.67d
RT-RT 0883 0317b 1032  91.13c
RT-NT 0933 0340a 1108a  103.3la
NT-NT 1.000d  0.2890 1000 100.00c
CT-CT 1137a 0299  1.036bc  117.84b

510 CT-NT 1028c 0302b  1.045bc  107.38c
RT-RT 1120b 03282 1136a  127.16a
RT-NT 0964e 031dab 1.085ab  104.58¢
NT-NT 1.000c  0.261c  1.000d  100.00c
CT-CT 1133 0291b 1117b  126.45

1020 CT-NT 0937d 0.28lbc 1078bc  101.08c
RT-RT  1.098b 0347a  1330a  146.0la
RT-NT 0937d 0270bc  1034cd  96.91c
NT-NT 1000 0280 L1000  100.00
CT-CT 1038 0204 105  110.68

mean CT-NT 0934 0295  1.057 98.80
RT-RT 1050 0335 1207 12758
RT-NT 0943 0209 1065  100.43

Means in a column followed by the same small letter were not
significantly different at P < 0.05 within each soil depth.

-118-


http://www.scopus.com/search/submit/author.url?author=Poulton%2c+P.R.&origin=resultslist&authorId=7004385037&src=s
http://www.scopus.com/search/submit/author.url?author=Dieckow%2c+J.&origin=resultslist&authorId=8864938200&src=s
http://www.scopus.com/search/submit/author.url?author=Mielniczuk%2c+J.&origin=resultslist&authorId=7003782624&src=s
http://www.scopus.com/search/submit/author.url?author=He%2c+Z.L.&origin=resultslist&authorId=7403884872&src=s

Farming Systems Design 2009, Monterey, California, USA /g
p

MODEL-BASED ON-FARM DESIGN OF MIXED FARMING SYSTEMS
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The Netherlands. E-maijeroen.groot@wur.nl

INTRODUCTION

The planning of mixed farming systems with croppiagd animals is complicated, since it
involves many management decisions. These chorkthair resulting outcomes are subject to a large
range of constraints and objectives. For instabmephysical conditions can restrict the possileiit
for allocating crops and rotations, the requirers@ftanimals should be balanced with feed supptly an
the farmer will aim to optimize operating profit ikhalso improving the sustainability of the system
Recently, various tools have been developed antiedpior exploration of strategic improvements in
farming systems (e.g. Dogliotti et al. 2005; Grettal. 2007). However, tools that enable tactical
planning, which can provide rapid insight into t@nsequences of large ranges of options would be
very helpful to inform the planning process of famnand farm advisors. In this paper we present the
Farm DESIGN tool, which supports evaluation andgtesf mixed farming systems.

DESCRIPTION OF MODEL

A static farm balance model was used to calculatesf of nitrogen, phosphorus and potassium
to, through and from a farm, the feed balance, dhount and composition of manure, labor
distribution and economic results on an annualsbdeput data described rotations and crops (area,
yield, and destination), farm animals (species, bemnweight, growth, production, and activitieged
rations, additional fertilizers, labor, equipmemdabuildings. This model was applied to a 100 ha
mixed organic farm named ‘Ter Linde’, located insB@pelle, The Netherlands.

The trade-offs between socio-economic and environah@bjectives were explored by linking
the farm balance model to a multi-objective Palesed Differential Evolution (DE; Storn and Price
1997) algorithm within the Model Explorer environmheWith this modeling approach, alternative
management options are generated and evaluatedns bf Pareto optimality. The objectives were to
maximize operating profit to generate sufficientdme, to minimize the labor balance to optimize
allocation of labor resources, and to maximizediganic matter balance to improve soil structutee T
decision variables concerned the areas of cultivateps (including feed crops), the number of milk
cows kept and the destination of crop productscivicould be either sold or used on-farm as feed or
green manure. Constraints were set on crop ardae ihree different rotations on the farm, thergpe
and protein balances of animals, the self-supply od feeds, and acceptable nutrient balances (N, P
and K; no excessive losses and no mining). Theropdition algorithm was run for 10,000 iterations on
a set of 630 solutions, with a total processingetwh half an hour on a laptop with an Intel® 2.0 GH
Dual Core processor.

RESULTSAND DISCUSSION

The large result set of feasible farming systehm®agd that at a particular level of operating
profit often many alternative options were possiblth strongly contrasting environmental impact in
terms of nutrient losses and organic matter balafce relations between the objectives as refleicted
the set of solutions are displayed in Figures lafhe relations between the value of the objeciivé
the decision variables were determined, and asstitited here with the relation between labor lzaan
and cropping area of pumpkin and the number of golks (Figure 1d). The decrease in required labor
(smaller labor balance) and operating profit aldmgPareto frontier in Figure 1¢c was associatetl wit
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reduction of the area of pumpkin and the numbemid cows kept on the farm. Pumpkin is a cash
crop that requires many hours of hand weeding. r€kenues from milk sales are generally high, but
the labor input per animal for milking and animate is high. It is concluded that Farm DESIGN can
help to understand interactions among farm compsraerd allows what-if analyses of changes in farm
organization and structure.
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USE OF THE FARM DANCESMODEL FOR ACQUIRING SYSTEMS
ANALYSISSKILLSIN INTEGRATED NATURAL RESOURCE
MANAGEMENT TRAINING PROGRAMS

Jeroen C.J. Groot, Petra Rietberg, and Johannes3di®lberg
Biological Farming Systems Group, Wageningen UrsiNgr P.O. Box 563, 6700 AN Wageningen,
The Netherlands. E-maikeroen.groot@wur.nl

INTRODUCTION

Biological systems are inherently complex. Makingnamic interactions between system
components transparent to students is challengingovative teaching tools complementing
conventional training approaches thus may be netwéatilitate this process (Williams et al. 2009).
Simulation models provide opportunities for resbars, managers and policy makers to gain insight in
system dynamics and interactions among soil-cromarenvironment components. However, most
existing models are not user friendly and are posuited for training purposes due to their comipjex
and extensive input requirements (Williams et &l02 Van der Burgt et al. 2006). Wageningen
University (WU) is uniquely positioned to develogueational modelling tools due to its long-standing
expertise in system analysis and simulation modalghis paper we illustrate the use of the Farm
DANCES model as a teaching tool in an Integratedutdd Resource Management in Organic
Agriculture (IRNMOA) course taught at WU.

DESCRIPTION OF MODEL

The Farm DANCES model was based on a nutrient myathodel for grassland-based dairy
farming operation in the Netherlands (Groot et24l03). Farm DANCES is a dynamic simulation
model which describes flows of carbon and nitrogem dairy production system. It includes three
state variables: inorganic nitrogen, organic niéro@nd organic carbon (Nmin, Norg and Corg) and it
allows assessment of resource use and economaripearice of integrated agricultural systems with a
minimum of required input data. The model usesretstep of one year and a sequence of annual
results are summarized in an output file. Simukations may be of the order of 100 years to evaluate
long term trends. The main model components inckale crops, animals, residues, inputs (e.g. feed
and fertilizer) and products (e.g. milk and meai)g( 1a) and these parameters are grouped in a
database. By coupling flows of C and N to productip@rameters (e.g. soil characteristics, land use,
herd size, fertilizer use, forage composition, esion efficiencies for soil organism, plants and
animals) both instant results (e.g. animal productand economic performance) and long term
changes (e.g. soil organic matter dynamic) are gogi@enerated. The user interface is simple and
includes a model description and definitions of elgoarameters. Output is written to an MS Excel
spreadsheet which facilitates data access and gmioge and farm characteristics, state variables,
soil/residues, crops, animals, and farm economigs®@red in different worksheets. An example of an
output graph for the soil state variables is shawfig. 1b.

RESULTSAND DISCUSSION

Farm DANCES was implemented for farm operationghe Northern Friesland Woodlands
region in the Netherlands. After explaining the mlodstudent groups implemented it for existing
operations and the majority of students were ablegderate the model immediately with minimal
support. Students then used the model to evaleatgoenic performance, N use efficiency, and long-
term consequences of farm management decisiomfferent farm operations (Figs. 1c-d). The model
was also employed to determine the impact of ttemmsfrom conventional to organic farming. In most
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cases students were able to implement the modekessitlly. It is concluded that despite some
inherent limitations due to its simple structurayrda DANCES captured overall system dynamics in a
realistic manner. The model appears to strike addalance between robustness, realism, flexibility
and simplicity. Using Farm DANCES allowed studetiscompare and contrast different farming

styles in terms of input use and production efficie and forced students to think through different
processes, system components and interactions. ost ©ases simulation results were realistic.
However, a thorough knowledge of the overall maysktem by the instructor is essential during ihitia

model calibration for a specific production envinment. Extending the model to other animal types
and crops may be desirable.
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EFFECT OF SOLID MANURE INCORPORATION DEPTH ON CROP
PRODUCTIVITY

Simon-P. Guertin
Institut de recherche et de développement en agroenvironnement inc.
simon-p.guertin@irda.qc.ca

INTRODUCTION

Continuous row cropping and intensive tillage are common practices on corn and cereal grower
farms with the result that soils loose their organic matter and become more vulnerable to erosion and
less productive. The ability of plants to restore soil organic matter is limited and variable. Therefore,
farmyard manure has for a long time been recognized as a valuable soil amendment as well as a
fertilizer (Coote and Zwerman 1975). Several authors (Davies et al 1972) pointed out that animal
manure improved some soils properties such as soil organic matter, water retention, clay soils
workability and some mineral nutrients availability in addition to uphold crop yield.

Farmyard manure is generally spread on cropped land, in the fall. After that, a tillage is
performed with a moldboard plows down to 20 cm. However, this practice does not mean that crop get
the most beneficial effect of that manure application. We need more information on that manure
management system. Then, the objective of the study is to evaluate the impact of manure incorporation
depth on crop productivity as well as tillage depth on crop return. On a specific way, we want to
determine tillage depth when manure is applied and when no manure is used in order to get the most
beneficial impact on wheat and on corn silage productivity.

MATERIALS AND METHODS

The experiment was carried on a clay loam soil, in St-Hyacinthe, Quebec, Canada. Two crops,
corn silage and bread wheat, were evaluated in two adjacent sites. The experiment involved 10
treatments repeated 4 times (corn) and 5 times (wheat), and distributed according to a split-plot
statistical design. The main plot consisted of 2 treatments: manure, no-manure. The subplot consisted
of 5 tillage depths: 0, 5, 10, 15, 20 cm. In autumn of the previous growing season, an equivalent
amount of 200 t-m/ha (fresh weight basis) (Murphy et al 1972, Weeks et al 1972) of feedlot manure
was applied and uniformly spread across the corn plots of 6.3 m * 6.8 m. In addition, a 100 t-m/ha
(fresh weight basis).was top dressed on the wheat plots of 1.8 m x 2.8 m. Then, both soil sites were
tilled to the appropriate depth. The no-manure plots were also tilled to the same depth.. Corn silage
yield (kg/ha) is reported on a dry matter basis and grain wheat yield at 12%moisture. The manure used
came from an open feedlot of dairy cattle feces combined with straw and was turned several times to
uniformized the manure prior to apply.

RESULTS AND DISCUSSION

The results showed that both studied factors: tillage depth and applied solid manure have positive
effect on crop performance. Therefore, corn silage was taking more advantage of manure incorporation
than bread wheat. Corn silage yielded, on average, 14% more on manure treatment than on the blank
without manure whereas wheat showed light yield improvement of about 5% under treatments with
manure compared to no-manure.

Furthermore, the results suggested that the soil management practices should be directed to allow
roots to reach moister zone into the soil profile, particularly in growing season with dry conditions.
Thus, the need of deeper tillage (15 cm) was obvious on soil without organic manuring as showed by
the yield performance of both crops. For instance, corn silage yield averaged, over the trial years, 7.7 t-
m D.M./ha on no-till and it progressively increased up to 9.2 t-m D.M./ha on a 15 cm till depth and
remained at that level under a 20 cm tillage system. Wheat grain yield increased from 3.8 up to 4.5 t-
m/ha from no-till treatment to a 15 cm tillage depthoseatment.
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Farmyard manure incorporation modified the above trend by providing adequate soil conditions
in the superficial soil profile and allow the crop to get higher yield. Corn silage yield increased from
8.7 t-m/ha in a no-till system to 10.2 t-m/ha under a 10 cm till depth. Deeper tillage had no-significant
effect on corn silage yield. As far as the bread wheat is concerned, a superficial manure incorporation
into the first 5 cm of the soil was enough to allow the plant to get is best performance, and, over that
depth; yield remained unchanged. The positive effect of manure on crop production might be related to
the improvement of soil conditions particularly through water retention and workability. There was
also a significant interaction between organic manuring and year indicating that the corn response to
organic amendment was dependent of the growing conditions of every cropping year. Beneficial effect
of the applied manure was obtained by limiting in particular the soil water lost and by making available
most constant supply of nutritive elements specially during dry climate conditions.
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INTRODUCTION

Agriculture in the US is undergoing profound changes from increasing urbanization, turbulence
in input costs and commodity prices, and shifts in consumer demands and global competition. Future
challenges will need to address increasing population with a shrinking land base for agricultural
production, food safety and security concerns, and resource preservation and environmental concerns.
Knowledge of the fundamental principles of agricultural production systems is critical in order to
design agricultural systems and markets that are economically feasible and environmentally
sustainable. The Integrated Agriculture Systems Workgroup was formed to explore principles,
characteristics and drivers that impact successful agricultural systems for physiographic regions
throughout the US. By examining different agricultural systems in detail from various geographic
regions of the United States, we will examine the economic structure and primary drivers of US
production systems. Understanding the farm economic structure will allow producers, agronomist, and
policy makers to develop economically and environmentally sustainable production systems. Our
hypothesis is that principles are applicable across regions, but key drivers (economic, social,
technological, political, and environmental) interact to influence producer decisions and create
different production systems. In this discussion we focus on drives, specifically the social and
economic drivers.

MATERIALS AND METHODS

We examined production systems in detail by posing a series of questions to invited panels of
producers. University, Federal, and Extension scientists from a range of backgrounds interviewed the
farmers, and then met to discuss production strategies and develop drivers, characteristics and
principles of operation from these case studies. The working group has held workshops in three regions
of the US: Southeast, Northeast, and Midwest. At these workshops, scientists interviewed agricultural
producers to examine their production systems in detail and explore production practices, farm
enterprises, and the management decision-making process. Panelists were selected who were actively
engaged in agriculture from predominant production systems within each geographic region. The goal
was to identify the underlying rational for their decisions by discerning the primary factors influencing
the implementation of particular production practices. Production systems examined include: row
crops (corn, cotton, soybeans, peanuts and potatoes), livestock (cattle, chickens, pigs and catfish),
grass-fed beef, organic and traditional dairy, and organic vegetable production. Ancillary enterprises
complemented the primary production and expanded the economic return.

RESULTS AND DISCUSSION

The production systems chosen represented a wide range of crop and livestock production,
varying by commodity mix, climates and other physical resources, market outlets, partici