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ABSTRACT

On-farm research on IAFS (Integrated arable farming system) and EAFS (Ecological arable
farming system) are of high priority in the Netherlands, these systems are supposed to solve the
problems of agricultural pollutions. To muprove results of the tested systems, this study has for
aim to make an agronomical diagnosis on wheat in order to identify yield limiting factors. A
methodology of diagnosis, adapted to on-farm research especially based on pilot-group study is
elaborated and tested.

This 1993 survey was done both on ecological farms and ntegrated ones, what allows
comparisons between these two systems. Yield formation was precisely observed, as well as
environmental factors (water, lodging, soil structure, nitrogen supply...).

A strong yield variability is observed within each system; integrated farming has on average
30% more yield than ecological one. Yield seems closely related to grain number and aitrogen
status at flowering. Nitrogen nutrition is not limited at tillering, but stress can occur during the
shooting; almost all ecological fields have important nitrogen stress at flowering. The first
stage (before tillering) and last one (filling period) are of minor importance in their contribution
to yield elaboration.

Nitrogen supply is very well correlated to grain number. The relatively low quantity of

Nitrogen input in ecological farming system is a first reason of lower grain number/m2. But

there was also a lower absorption of the available nitrogen in compacted soils; both factors

leadtostrongNltmgmshortageineoologicalfarmmg Soil compaction could be related to late

harvest of the previous crop in relation to climatic conditions during harvest (rains). Cropping
system improvement are therefore proposed.

Conceming methodology, it is of major importance to know the potential 1000 grain weight of
each variety, in order to use correctly yield component. Choice of some couple of fields in the
sample has strongly improved the analysis. Use of a Crop Simulation Model (SUCROS in this
study) for diagnosis has brought some interesting informations, but further investigations are
needed to improve its use for diagnosis.



INTRODUCTION

The high level of intensification and specialisation of the dutch agriculture has led to a growing
public concern for the development of a less pollutive agriculture. Consequently, the
government has decided to lead agriculture in a more sustainable way, amongst others by a
research on Integrated and Ecological Farming System (IFS and EFS), i a near-practice
conditions (Spiertz, 1991). On-farm research ofa pilot group is considered as a good way
{Vereijken, 1992).

Presently, there are 2 pﬂot projects in Dutch arable farming. A pilot project with 35 farmers is
aimed at testmg and improving regions-specific prototypes of

System (TAFS) (Wijnands and Vereijken, 1992). This project should stimulate the main group
of Dutch arable farmers to meet the policy aim of reducing pesticide inputs by 50% (2000
compared to 1985-1990). The second pilot project has the more strategic aim to upgrade
organic farming as a pacemaker of sustainable development (Vereijken and Kloen, 1993). In
this project, prototypes of Ecological Arable Farming Systems (EAFS) are developed.

There is a strong yield variation within a pilot group, how can we nevertheless evaluate the
tested farming prototypes systems ?

Meynard (1985) has shown the efficacity of an agronomic diagnosis to make this evaluation:
the identification and hierarchization of the yield limiting factors are relatively easy for several
arable crops. This diagnosis can be the basis of a critical analysis of the crop management.

In the EAFS pilotgrw;i led by P.Vereijken, we have tried the french approach to amalyse
wheat yield formation and variation. Our first goal is to propose targeted improvements of
wheat cropping in the EAFS.

Since on-farm evaluation in a pilot group is new, we have as a second goal to adapt the
methods used in common agronomic diagnosis, for example by simulating the potential yield
according to actual ¢limatic data with a crop simulation model: SUCROS.



I/ CROP DIAGNOSIS IN PILOT FARMS

LI/ DEVELOPMENT OF SUSTAINABLE FARMING SYSTEM IN THE
NETHERLANDS

The Netherlands are probably the first country in the EC to feel the negative side-effects of an

intensive agriculture. The high level of pollution by nitrate (NO37), phosphates and pesticides
has led the dutch ministry of agriculture to consider as soon as 1971 (Spiertz and Vereijken,
1993) the methods used in organic agriculture. It has been decided in 1979 to test new farming
system in experimental farms. The general objectives of agricultural policy is to promote
competitive, safe and sustainable farming (Spiertz, 1991). The govemnment has formulated
some ambitious goals conceming the reduction in the use of crop protection agents and
fertilizers.: -50% m 2000 (compared to 1980) and especially -80% for soil fumigants.

Three steps have been defined:

* First step: technical feasability and economic viability of IAFS are tested in experimental
farms (Nagele, 1979). Three objectives are pursued with these experimentations (Spiertz and
Vereijken, 1993);

- the development: a coherent system has to be conceived, based on available
analytical knowledge,

- the comparison: three systems of references are often compared on the same
place: integrated, ecological and conventionnal,

- the evaluatiop of these systems with a technical, economic and environmental
points of view,

Results seetn to be encourageous (Wimands and Vereijken, 1992). Nevertheless, these
experimental farms do not reflect very well the real conditions, especially the technical
. feasibility.

* Second step: introduction of Integrated Farming concepts on commercial farms (Wijnands,
1992); a four-year project was set-up in which about 40 farmers consisting of 5 pilot-group
participate. These 5 groups represent contrasted agro-ecological regions (annex 1)

Such 2 network has the same disadvantages as the survey’s method: high risks of effect’s
confusion, but possibility to identify immovations and constraints (Meynard and Girardin,
1991).

* Third step: quantitative evaluation of IFS, based on the results obtamed in the two first steps
(Spiertz, 1991); IAFS will be modelised using a production systems generator and interactive
multiple goal linear programming techniques. Based on this evaluation procedure, FS with a
high degree of multiple goal attaimaent can be selected.

a/ Theorical approach

Definition: EAFS aims at the most consistent integration of all basic values and interests (table
1) involved in agriculture (Vereijken, 1992). EAFS should not use chemicals, and should be
supported by a strong home-market with a label of certified quality (Vereijken, 1992).



¢ Priorities of the three basic farming visions with respect to the basic

values and interests involved in agriculture (according to Vereijken,
1992)
Vaiues/interests World-market-orenicd [megrated  Ecosystem-onen-
ted'

| Foud supply + - s
2 Employment and basic income + - —
3 Profit = - -
4 Abiotic environment + -+ e
3 Nature and landscape + —+ -

+ -

6 Health and well-being

' Ecosystem-oriented agriculture starts from the responsibility of society as a whoic. The rural
population is responsible for a sustainable and multi-funcrianal management of the agro-ecosvs-
tems as reflected in cenified quality preducts. The urban population is responsible for an accepia-
bie standard of fiving for the rural popuiation by paying appropriale prices for the ceritied pro-
ducts, As a resuit, quality of both urban and rurat life has higher priority than profit.

Bgure 1: Environmental conditions and crop response to nitrogen fertilization

(according to Meynard and al, 1981)

Type Long water SeilK Enty Soi Good soif | Nwmber
of shortage shortage darages compaction strochure, of cancs
curve | (froen thering | (from sold of eve-spot no discac,
o flowesing) analysis} drought, or
deficiency
0 1 0 5 12 1%
-
1] 1 0 11 o 12
4 3 2 o 3 12

* 42 cxperiments in 3 years, from 1975 1o 1977
* for each column, the most frequent case is poinied out

Nitrogenous fertliser

J




According to Vereijken, this ecosystem-oriented agriculture constitutes a further step
compared to organic agriculture. It integrates more parameters (cf supra), it has to be more
scientific and less dogmatic; the results should not be only theoritical (reduction of
pollutions...) but effective, that is to say tested. This system has also been developed and
compared with Integrated and Conventionnel ones, first in Nagele.

b/ Practical lay-out

Presently, Vereijken is m the second step of development of this advanced ecological FS:
introduction of the acquired experiences into commercial organic farms and evaluation in
practice of the real performances. The prototypes are tested and improved in cooperation with
a group of 9 farmers producing according to the EC guidelines for orgamic agriculture
(Vereijken and Kloen, 1993). The pilot group approach should allow the implementation of
innovations in farmer's practice and in research.

The objectives are defined together with the farmers. They are said to be strategic: choice of
the rotation's type, fertilization decision's rules, lay-out of an ecological infrastructure. On the
other side, the tactical decisions (crop's management) are only defined by the farmer himself, at
own risk. Furthermore, the farmers also determine the commercial strategy and the choice of
the crop.

12/ LAY-OUT OF THE WHEAT DIAGNOSIS

We have choosen to analyse yield formation and variation of wheat, notably in EAFS because
we expected here the strongest effects of low extemnal mputs. Indeed, the first resuits obtamed
in this pilote group (1991,1992) showed a strong variation of yield in the 3 major crops
(oignon, potato, wheat) (Veretjken, 1992).

The lowest yields represent 50 to 70 % of the highest: for 5.2 to 9 tons/ha for wheat. As the
wheat has been a lot studied, especially in France (Meynard and Sebillotte, 1983), we have
decided to choose this crop, and to analyse its yield variation m the pilot group, added with 5
integrated farms. We will try to identify through an agronomical diagnosis the major limiting
factors of wheat yield.

In the following chapter, we wilk try to get some hypothesis on the expected limiting factors
according to knowledge about soil and climate, practices of the farming system, and

bibliography.

The present study was done in the most recent polders (40 years) of the Netherlands: Flevoland
polder; they are located at 60 km north-east of Amsterdam. These polders have a latitude of
53°, and an altitude of -4 meters. 40 kms is the maximum distance between two farms of the

pilot group.
a/ Soils and land planning

These polders were still recently under sea. Their geologic substratum is sedimentary. There
are a lot of shells in the soil; and under 30 to 50 cm there is sand and peat layers.

The polders are totally flat. A performant drainage allows a good evacuation of the all water:
ground water table is maintained at 1 meter depth. Soil charactenistics are very homogeneous



[Table 2: General matrix for definition, elaboration and evaluation of farming
visions and systems (according to Vereijken, 1992)

Socizl valaes
or IneTests
involved

I
L
!

> —_

1244742

b -

s

Fond supply
quantily

uality

~ nuaritional value

- harmful compounds
and MiCto-organisms

- tasie

- appearance and
sustabality for
preservation and
processing

stabsilicy

sustatnability
- soil fertilny

- chmate

- non-renewabic
resources

accessibility

Empleryment

al farm leve!

a1 regional and

natonal ievei

Busic income and profit
ai farm, regional

and nauonal level

Abiotic environmenrs
soil

air

shaliow and ground
waters

Nature and iandscape
fiora and fauna
landscape

Heaith and well-heing
nealth and well-heing
of anymals
health ancd well-being
ol human:

Paramciers

Cryperteres ol Lhe 3 hasie visuons’

wowkd-market
onenled
food/person in enerpy eyuivaicnts - WHO
composition of single products in relation - WHC
o & daity diet
content of single products in relatontoa L =L
daily diel
appreciation by (asle pannels 5 s
vanous commercial and industnal s 5
standards of single products
vanation in yields (kg ha') in reiation e L L
(intzr)national food siocks
content of air, waler, nuinents. org. matter & 5
inpw/output of drv and organic matier - EN
input/output of CO. - max.
input {(hon-solar)joutpul ol enerpy - M.
input/outpul of phosphorus - :
prices of single products in relation L L
1o a daitv diet
fuli-time workers/farm min =
fubl-timers in agnculivrz and relaied - S
indusines and services
income/hired warker L E2
income/entreprencur max max.
emissions’/ha of:
persistent and accumulating compeunds L =L
such 35 heavy metals and pesiicides
volalile compounds such as NH, and i 2L
cenamn pesticides
mobile and persistent compounds such L =L
as puinents and pesticides
various indices of diversay = man,’
nawure and culture histoncal ynigueness - s
funclionaiism agaculiure, pature L 5
reerealon eg.)
veterinary and cthoiogica! I. =i
parametenrs
medical and socsopsvehoiogical parameters 1, £l

ntegrated  ccosvsiem-

onented

WHO
WHO
>L

S
N

i and FAOD

s

=1

max. amnil >;
min. amd <!

S:

=L
2L hared
worker

>L

>l

COmectives; WHO and FAQ 1n noms of e Lnied Nonons, stated by Worke Bealtn Dreamzauon ane oo i
Agricutivee Organation, 1>) L and 5 o« thelier thant et inal o Legal e Swslcmespectic nonns Lwards cortan
vilues, Max. and min. s elion for manimal or mmimis guapiy or efiec,
T Prices o products irom ceosystem-onenied famung have o e mrgher tian those ebmarket oneated famong, but o

whiniesome diet based on ccoproducts does ot aegessarly Rave 1o cost imore than s convemiona dici

" Mature and landscape conservaison are separdted drom aenculiure
* Nature and lanascape conservation are integraied win agncullury




5

on a field scale (6 ha in genera!), and even on a farm scale. There is no more problem with

Soils have good equilibrated texture; they are relatively clayey for the Netherlands. Nutrients
soil reserves are often excessive (Vereijken and Kloen, 1993), especially in phosphates and
potassium.

Therefore, soil's physico-chimical characteristics are pretty favourable. The environment is in
fact totally artificialised by humans, and has a high production potentiel (Spiertz, 1991).

b/ Climate

Despite the high latitude (53°), temperatures are moderated by the sea proximity, but soil are
often froozen 10 to 15 cm deep in winter. Climate is fairly wet with a good rain repartition.

¢/ 1992-1993's climate characterization and wheat growth

In anmex 2 are given the climatic data. The year 1993 is characterized by a wet autumm, from
the begimning of october to the end of december. Some late crops (especially celeriac, sugar
beet and cabbage) were harvested in very bad conditions.

Spring was favourable and enabled a fast growth of wheat crops, and fiowering occures at 6-
10 june. It was rather dry, with no lack of water. Rainfalls beginn to be nearly every day and
abundant from the beginning of july. Therefore wheat maturition took a lot of time; harvest
occurs at half-aungust.

1.2.2/ Presentation of EAFS and IAFS

Arable farming is dominant in the polders: potato and vegetables such as onion are very
important (cash-crop). Animal husbandry is rare, but huge amounts of slurry are brought in
from animal production regions elsewhere.

a/ EAFS

Wheat in the rotation depends on the multifonctional crop rotation mode! (Vereijken, 1992):
crops should not be cultivated in"the same field before 6 years, in order to avoid the risks of
certains diseases, like stem base diseases (like eye spot). Cereal should not preceed wheat in
the rotation. In general, the previous crop for wheat is a lifted crop, early (potato, oignon), or
late harvested (cabbage, sugar bezt, celeriac).

Wheat magnagement:

Manure is applied before wheat, but the quantity is variable. bt is few composteed. Risk of eye
spot is low in the polders, so they don't fear a supply of inoculum.

Ploughing is usual after each crop, because soil structure is often damaged, and they want to
control perennials weeds. A false seed-bed preparation is oftez made before sowing.

The choosen varieties have a good backing quality, because organic wheat for bread is well-
paid. Disease resistance is not the first criterion. A mixture of varieties is sometimes sown to
obtain a better resistance to foliair diseases.

Weeds are controled by hoeing, in 4 to 6 harrow-crossing. Red-klover is often undersown as a
suppressor of weeds, and as a green manure for the next crop.



b/ IAFS

Compared to conventional farming, nitrogen fertilisation is moderate (40 kg N less in general),
and pesticide mputs are limited.

Contrary to EAFS, IAFS does not grow wheat varieties with high baking quality, because they
vield less in kg and there is hardly a price compensation.

1.2.3/ ¥Variations factors in wheat yield

Wheat has been intensively studied, especially in France. Boiffin and al (1981) could identify
in "Champagne crayeuse” (France) the important effect of nitrogen on grains'number. Nitrogen
absorption appeared to be of first importance (figure 2), and especially influenced by soil
structure (Meynard and al, 1981). Diseases, lodging and water defeciency have sirong effects
on grain weight (Meynard, 1985).

But all these studies have been done with conventional farming. What do we know about
limiting factors in EAFS ? We have only certzain hypothesis from the general knowledge on
wheat and natural conditions.

The factors related to soil or climate in the Dutch polders are pretty favourable. Minerals
elements are abundant and easily absorbable (soil pH near peutrality). Water is rarely a
limiting factor. Rainfall is usually sufficient for wheat. Besides, wheat root is deep, up to 1,5
meter, where the water4able is maintained.

The abandonning of mineral fertilisation is very important: the lack of available nitrogen for
the crop is a real risk. Furthermore, the mineralisation of manure or soil organic matter
depends on climate and thus may no be synchronic to the wheat demand.

The abandomning of pesticides has two probable impacts. Weeds control is more dependant to
farmer's skill. Disease control will only be preventive (variety choice, rotation). On the
contrary, the non-use of growth regulator is probably not an important factor: risk of lodging is
low because nitrogen nutrition is moderate.

L3/ AGRONOMICAL DIAGNOSIS OF YIELD FORMATION AND VARIATION

To realise an on-farm evaluation by identifying yield limiting factors, we have some mnitial
hypothesis, and we should ask which methodology can allow us to make a good diagnosis ?

We will answer this question by:

* presenting what is the method usunally used for agronomical diagnosis,

* analysing what is the specificity of a study on a pilot group

* proposing some new elements of analyse which can enable us to make a diagnosis on
a pilot group.

1.3.1/ What is an agronomical diagnosis 2

The aim of an agronomical diagnosis is to identify a postenon (Meynard and David, 1992) the

environmental conditions and the characteristics of the cropping system which have influenced
the production of a crop. The factors which could explain yield variability are numerous and
interact. A muilti-variable analysis has to be done, for example multi-regression analysis. But
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there is strong risks of effect’s confusion (Meynard and David, 1992). A simple correlation
between 2 variables X and Y does not proove a causal relationships.

Therefore, it is necessary to unravel the causal relationship between climate and environmental
characteristics and yield components. It is called by Sebillotte (1987) “the scheme of yield
elaboration” (figure 3). When a relation is shown in a field's sample between a practice and the
production level, this must be validated by agronomic knowledges about the species
functionning.

There is a logical order of questions in doing an agronomical diagnosis. First, the
environmental characteristics which are responsible of production wvariation have to be
identified. Then, the practices which have generated these environmental characteristics have
also to be identified.

There are 3 steps in the diagnosis:

* First step: determining the development stage in which production has been most
limited, because we know from literature for each stage which yield component is being formed
(figure 4) and which factors may limit this process.

* Second step: between the probable limiting factors (the environmental
characteristics), we bave to identify which are actually limitmg the yield component in
question. Was nitrogen a limiting factor ? Was it due to msufficient availibility or to bad
absorption ? Weeds, diseases, water, mineral nutrition... are all factors that have to be
considered at this step.

* Third step: the cropping measures which have caused the limiting factors have to be
identified. For this step, existing knowledge on the causal relationship between limiting factors
and climate and cropping measures are used.

1.3.2/ What s the specificity of a pilot group 2

Agronomical diagnosis is usually applied in France on a regional scale for a selected and
representative sample of farms and fields.

In contrast, the choice is limited in a pilot group. In the present study, our aim is to sample
10/12 fields among 10 farms with 2 or 3 wheat fields each, so in total about 25 wheat fields!
Therefore, it is very difficult to find enough fields with the same varicty. So the major
constramt is the error caused by undocumented varietes and variety mixture. Most diagnosis
tools need the same variety. On the other hand, a pilot group has the advantage of having a lot
of field and farm data available. This can make the diagnosis more confident.

1.3.3/ The choice of indicators, innovative indicators

Facing a range of wheat varietes m the pilot group, we looked for variety independant
diagnosis mstruments. This methodical reflexion and testing is the second objective of the
study.

a/ Indicators of datation

Usual indicators: the range of varieties in our sample makes usual indicators such as yield
component difficult to use, because each variety has its own potential, especially for numbers

of ears/im2. We can compare the differents grain weights only if the potential grain weight is
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[Figure 2: The scheme of yield elaboration (from Sebillotte, 1987)
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known. Numbers of grains per m? can also be compared for varieties whose potential grain

weight are equal.

Ionovative indicators: first of all, we could compare actual to potential dry matter. This needs
a lot of field-work to sample and measure the dry matter. It also needs accurate models to
simuiate and calculate the potential production (Lemaire, 1985).

SUCROS, a Crop Simulation Model (CSP) is a deterministic model, developed at Wageningen
(Van Keulen and al, 1989). It simulates the daily potential growth of a crop (dry matter
accumulation) under the actual climatic conditions, in well supplied environnement (water,
nutrients...). So, it is a tool to simulate the potential yield under the measured climatic data.

As a mechanistic (Van Keulen, 1992) and complex model, SUCROS vield prediction is not
always accurate (Whisler and al, 1986). It needs a lot of parameters each with its error, that
can lead to an overall important error. Therefore, these models are not yet ready for use in
yield diagnosis (Wallach, 1990, Fisher, 1984, Meynard, 1985).

Nevertheless, SUCROS has been validated and parametered i the dutch polders conditions. Its
predictive value is therefore relativily good for the polders (Van Keulen, personnal
commumication). To reduce simulations uncertainty, we have decided to proceed in two
simulations. The first simulation begins at early stage (tillering) until flowering; the second one
from flowering till maturity. For each phase, dry matter and Leaf Area Index (LAI) are
measured in the field and are the model's input; dry matter (or yield for harvest) and LAI for
flowering are the output.

b/ Indicators of limiting factors

Usual indicators: in same research (Doré, 1992, Diouf, 1990), wheat nitrogen content and soil
nitrogen reserves are measured, soil structure is observed, lodging, weeds and diseases
development are followed. Mineral nutrients (P and K) and water supply is controlied.

Innovative tools: to quantify nitrogen supply, it is possible to use the model of nitrogen
dilution, established by Lemaire and Salette (1984), adapted to wheat by Justes (1993) (figure
4).



TABLE 3 ; EXPECTED RELATIONS BETWEEN THE PREVIOUS CROP AND ITS
EFFECTS ON ENVIRONMENTAL CONDITIONS. CHOOSEN PLOT'S COUPLE

USUAL EFFECT OF EXPERIMENTAL
THE PREVIOUS CROP ON LAY- OUT
TYPE OF $OIL STRUCTURE QUANTITY OF PLOT S COUPLE
PREVIOUS NITROGEN NUMBRBER OF FELDS
CROP IN THE RESIDUES
Potato, ohion no degradatad wansk 1o moderate 7 L .
bariey, cats
Luzama, no dagradated high 2 ..
grome / kiover
Sugar beet, degradated high 8 L
celeriac, cabbage

TABLE 4 : EXPERIMENTAL LAY-OUT BUNLT ACCORDING TO THE TYPE
OF THE PREVIOUS CROP

FARM NUMBER
ECOLOGICAL FARMING SYSTEM INTEGRATED FARMING SYSTEM
WHEATPREVIOUS | 1 | 2 8 ¢ 8 ; B8 ( © 11 | 12 § 13 ;| 14 ;| 15
GROP R N N R
1 1 A
et Pl
Onion T b [ * ' ! P
DU .S AR UL AN SR SRR SRUR SRR AERAS SO Y SO A
A I R R
Luzema [ : : [ : : : E :
... Grass /kiover I PR N SR S ENEEN SR NN SRS S S
[] [} i [} ] 3 1 ] 1
] ] ) [} ) ] 3 ) ]
Celariac ] : L : * : : : :
Sugar best i ' U ¥ A
Cabbage R A
! H H H H ! ! H !
TABLE 6 : OBEERVATIONS 6ET - UP
*PERIODES" ETACGE “EAR 1 CM" FLOWERING MATURITY
CROP OBSERVATIONS
P T e B e et
U NI ..., S [ flowaring ____ | oo ———
Growth Dry matter / m2 Dry matter /| m2 Dry matter / m2
cememcc—m————ed R | S SR o SN {straw and grain} _
Yield component Nb of plants / m2 Nb of greins / m2
e —— e ————————————] e e o] 1000 Qrain wwight |
(Witrogen ~ N contant of the piant | N contant of the pisat | K contant of the plant

{straw and grain)

---------------
- - - -

Lodging

30 cm and

30-100 em
m2




11/ MATERIALS AND METHODS

I1.1/ THE EXPERIMENTAL LAY-OUT

The experimental lay-out should allow analysis and the synthesis of the results and the test of
the hypothesis. It should be representative of the existing situations, but should also allow a
maximum variability of the sample (Boiffin and al, 1981). The wheat crops to be sampled bave
been classified according to the previous crop. The previous crops have been classified {table
3) according to their agronomic characteristics, established by P. Vereijken for his
multifonctional crop rotation model. it concemns:

* quantity of crop residues and their nitrogen effect,

* their impact on soil structure. Lifted crops which are harvested late in season, ofter
in wet conditions, are considered as harmful to soil structure.

There are 17 sampled fields from 11 farms in the lay-out (table 4): 12 fields are from 6
ecological farms, and 5 fields from the 5 integrated farms. Some characteristics of the farming
system and wheat management in 1992/93 in the selected fields are presented in annex 3. Each
farm has a code number, from 11 to 15 for the integrated farms, and from 1 to 9 for the six
ecological farms (1; 2; 3; 6; 8; 9). It is possible that several fieids of the same farm are
observed, then the different fields are identified with letters: a, b, ¢... as for example 8a and 8b
are 2 fields of the ecofogical farm number 8.

The lay-out should provide for sufficient variation in yields to point out limiting factors.

Besides, we need some couples of fields with minimum difference in cropping factors to
facilitate the diagnosis on a single factor, to avoid confusion, and to test an hypothesis (Boiffin
and al, 1981). The 4 couple of fields in our lay-out have a different previous crop in the same
field. We have to be carefull because a different previous crop can change more that only one
factor.

11.2/ THE PROTOCOL OF MEASURES AND OBSERVATIONS

As fields are very homogeneous, each sampling area is a block of 1.5 ha. The plots (50 to 50
cm or 0.25cm2, or 4 wheat rows of 50 cm) are situated along a diagonale of the field. 6 plots

were harvested at early shooting and at flowerng, 12 at grain maturity.

The protocol is shown m table 5. 3 periods of observations have been choosen as Meynard
(1985): stage ear 1 cm (see annex 4 for definitions and more details on the protocol), flowering
and maturity. So it is possible to do a more precise diagnosis for the 3 different wheat growth
phases:

# from sowing to beginning of shooting
# from shooting to flowermg
# from flowering to maturity.
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II1 / RESULTS

Yield variation will be anatysed through :

- the analysis of nitrogen supply and yield component variation,

- and through the use of SUCROS smmulations and of crop growth measures.
In a second step, we will try to identify the environmental factors, causing a nitrogen or growth
or yield component shortage.
Finally, relations between these identified factors and farmers practices should be established.
This sheme of analysis has been used i the same kind of study (Meynard, 1985; Doré, 1992).

IIL1/ YIELD ANALYSIS
I1L.1.1 / Variations in yield and its components

a/ Variations in yield and grain protein content

Yields vary strongly (Fig. 6), which is of advantage for analysis. Yield potential is high, if we
look at the highest yields of integrated fields, 12.5 t/ha for field 12, and of ecological fields, 9
tha for field 8. The variation is strong within each system. Therefore, we may expect that
yields have been strongly limited. The mean difference of yield is of 3 t/ha between integrated
and ecological.

Yield (16 % moisture) variation: differences between the highest and lowest yizld
- within the ecological system: "4023" kp/ha (from 5398 to 9421 kg/ha)
- within the integrated system: "3249" kg/ha (9323 to 12572 kg/ha)
- overall: "7174" kg/a (from 5398 to 12572 kg/ha).

Grain protein content on the contrary (Fig.7) is little different, except field 15. Most of the
produced grain is meant as baking gram, which requires a high grain protein content (Martin,
1987); therefore grain for bread is now more and more payed according to its protein content.
We can observe (Fig.7) that protein content is much to low, compared with required baking
quality, in both systems. Further analysis of grain protein content is impossible because of lack
of variation,

b/ Grain Weight Index to neutralize variety effects

As it has been said, we will not use ear/m2, because it is to variable between varieties; but
1000 grain weight (1000GW) and grain number/m2 (GN/m2) can be used if potential 1000
grains weight (P1000GW) is known. M. Darwinkel from PAGV (technical institut for arable
crops) in Lelystad provided these values for the varieties used in our sample (Table 6). They
have been caiculated from results of multi-located varieties trials, done in 1989, 1990, 1991 in
experimental conditions. Arminda and Obelisk were used as varieties references, because their
potential 1000 grain wheight is well known. Except RENAN, ali varieties have P1000GW in a
range of 49-54 g.

For varieties mixtare, the choosen value of P1000GW is the mean of the P100OGW of the
varieties of the mixture. This is not totally correct because certain varieties can be predominant
in their yield contribution.

In order to compare the field measured 1000GW, it is necessary to take into account the
differences of P1000GW. Therefore, we have created a variable: GWI (Grain Weight Index):
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TABLE 6 : POTENTIAL 1000 GRAIN WEIGHT ACCORDING TO VARIETIES

VARIETY ESTIMATED POTENTIAL 1000 GRAIN WEIGHT
ACCORDING TO VARIETIES TRIALS
{ g / 1000 grains at 15 % humidity)

REFERENCE VARIETIES
Arminda 46
Obelisk 53

USED VARIETIES IN

OCUR SAMPLE
Hereward (He) 52
Bussard (Bu) . 49
Promessa (Pr) 54
Rektor {(Re) 49
Urban (Ur) 53
Herzog (Her) 55
Ritmo (Ri) 54
Trawler (Tr) 53
Vivant {Vi) 53
Renan (Ren) 59

VARIETY MIXTURE Weighed Mean’s of the 1000 potential grain weight

{Mi} of varieties in seed-mixture

I GWI (%) = (measured 1000GW / PLOOOGW of the variety) * 100 |

Theorically, GWI should be less or equal to 100%. That's what we observed (Fig. 8) which is a
first validation that P1000GW has not been inderestimated. But we are not sure that there is
no overestimation of the P1000GW! If limiting factors occur during the grain filling period,
GWI is lower than 100%.

>

By analogy, a second variable can be created instead of Grain Number/m2 to neutralize variety
differences. Ideally, we need to know P1000GW and yield potential of each variety. This last
information is not availiable. So have we created the variable GNI (Grain Number Index), by
choosing an arbitrary P1000GW of 44g/1000 grains. For the same yield, a variety with a
P1000GW of 44g has a Grain Number which equals GNI. It allows us to identify all varieties

to this imaginary variety.

[ GNI = (PLOGOGW / 44) * (actual GN/m2) |

¢/ Relations between yield and the main yield component

The general relations between yield and grain number (Fig.9) or yield and 1000 grain weight
(Fig.10) shows that the linear regression is better for the first relation (12=0.87). The ratio
*minimal value/maximum value” is:

- 0.48 for grain pumber

- 0.79 for 1000 grain weight.
Grain number is also more variable, so it is the principal yield component to explain yield
variation.
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Dry matter (g/m2)

12

When index are used to neutralize variety effects, the relation between yield and GNI becomes
better (12=0.93), whereas the relation yield / GWI is worse (r2=0.16) (Fig.11). The ratio
"minimal value/maximal value" is:

- 0.41 for GNI

- 0.83 for GWI.
Therefore, when the variation induced by varieties is taken into account, we observe that yield
is in fact much more related to the first component (grain number) then seemed before
corrections, in line with Meynard, 1985. Therefore, we will only use these index in the
following parts.

IIL.1.2/

This period is seldom of importance and therefore the only observations made durmg this
period were number of seedlings/m2. Therefore conclusions must be carefully made.

a/ Emergence, plant density and growth until tillering

As in 12 plots per field plant density has been established (ammexe 4), it is possible to
calculate a coefficient of variation of the plant density: CV of plants/m2 = standart error /
mean. The % of emergence (100*(plant/m2)/(seed/m2)) is very variable (Fig.12), and is the
main factor which explains the final plant density: 12=0.70. We can observe that fields with
low emergence are also those with high CV of plant/m2 (Fig.13). It is also obvious that
integrated fields have a lower CV of plants/m2.

From low plant densities can be concluded that growth from sowing to stem elongation
(Fig.14) is very variable; only one field (9b) has a low dry matter. There is no significant
difference between ecological and integrated systems.
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So, three questions are to be answered: ,

1- are the 5 fields with low emergence (less than 40%), and low plant density (less than
150 plants/m2) limited in achieving a sufficient grain number?

2- is the high CV of plants/m2 at tillering related to low dry matter at tillering, and also
to grain number?

3- is low dry matter at tillering (field 9b especially) a limitation for grain number?

b/ The possibility of yield limitation related to plant density

Even if we do not know the real relation between dry matter at tillering and plant density,
because it is a non-linear one, dependant on variety and date of sowing (Meynard, 1985), we
can observe that the linear relation is pretty good (Fig.15). Plants/m2 is not a limiting factor
because it is possible to reach relatively good level of dry matter with a low number of
plants/m2 (field 6b and 14). High CV of plant/m2 (6a, 6b, 8b, 9b) can not explain low drv
matter (9a,9b,3,15); neither can the date of sowing.

To answer to the two first questions, we have looked to the relation between Gram Nuber
Index (GNT) and plant density (¥ig./6). It is obvious that plant density is not limiting grain
number. Fields 14, 6a, 8b are able to reach high grain density with low plant density. The
covariable "high CV of plant/m2" does not explain fields with low grain density. The same
remarks can be done for the Figure 17, except for field 9b: it is possible that this field was
limited in its grain number formation by 2 to low dry matter at tillering. On the contrary, we
are quite sure that in fields 9a and 3 tillering authorizes a higher grain number than obtained:
their Jow grain number has developed between tillering and flowering.

¢/ Partial conclusion

For all these relations, analyses are very general: the impossibility of using standart diagnosis
is obviously a shortcoming, and is caused by the diversity of variety. Plant densities as for as
dry matter are very variable at tillering. Apart from one field (9b), it does not seem that yield
limitation occured before tillering. High CV of plant/m?2 is not expected to explain growth at
this stage.

1.1.3/

a/ Evolution in nitrogen content of the crops

In order to characterize nitrogen supply and to identify nitrogen shortage, we have used the
model of nitrogen dilution (Lemaire et Salette, 1984), adapted to wheat by Justes in 1993, at
tillering and at flowering. The use of this model is to enable comparisen of nitrogen content of
different fields independantly of their dry matter. The optimal nitrogen content for a certain dry
matter is calculated according to the adjusted equation of Justes:

N% = 5.32 * MS ~0.436

This equation is valid in a confident interval of 1.55 to 12 t/ha of dry matter. From 0 to 1.55
thha, there is a unique value of 4.4 %. So have we used an index of nitrogen nutrition

satisfaction, NI (F) or NI (T):

NI (at Flowering or at Tillering) = actual [N] for the measured dry matter * 100 / optimal {N]
for the same dry matter
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A value of 100% for NI means a sufficient nitrogen nutrition, a value over 100% an excess of
nitrogen, but under 100%, there is a shortage of nitrogen. The lower this index is, the higher is
the shortage of nitrogen.

The nitrogen nutrition at tillering was not limited (see abscisses values of Figure 18), because
NI (T} was beyond 100%; integrated fields have higher values of NI (T). NI (F) on the
contrary (Fig 19) is lower than 100% for all fields, it indicates nitrogen stress during the
shooting period. This stress is especially strong for the ecological fields: their NI (F) values,
except field 8b, are in the range 42-63%, which is quite low. On average, it is obvious that the
difference between the two systems has remained and that Integrated fields do not really suffer
of a nitrogen shortage.

The relation between NI (T) and NI (F) (Fig.!8) seems good, but is created by the values of
the integrated fields. These fields received mineral nitrogen fertilization after tillering, we
should not consider them in this relation; 12 is of 0.25 when only ecological fields are
considered. As a resuit, nitrogen status at tillering is not predictive for the ecological fields: it
may rapidly decrease between tillering and flowering (field 9a for example).

b/ Relations between nitrogen and yield and grain number

Nitrogen is a very important limiting factor of gram number (Boiffin and al, 1981). In the
present study we also observe the good relation between NI(F) and GNI (r2=0.63), which is
even better with nitrogen uptake at flowering (Fig.20): 12=0.66. Also yield is better related to
this variable (Fig.27): 12=0.75. As grain number is closely related to yield, this is logical. It
confirms that yield level has already been strongly determined at flowering by its nitrogen
nutrition and its grain number.

GNI {in grains/m2}
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I11.1.4/ Xield analysis during the graie filling period

To analyse reduction of grain filling, we use GWI's values (Fig.8). They are not very different,
on average, from their potential: 100% means that they have reached their Potential 1000
Grain Weight (P1000GW). Only 5 fields are below 90%.

Furthermore, GW1 is not correlated to yield (r2=0.16). As observed by Meynard, 1985,
nitrogen is not correlated to grain weight (12=0.20 between GWI and NI(F)).

So can we conclude that grain filling is not or scarcely limited, and that integrated fields have a
better filling, except one field.

H1.1.5/ Partial conclusion of yield analysis (part IIL.1)

This first part has shown the high interest to use index to correct variety induced errors (GWI
and GNI). Two limits still remain:

- yield potential of each variety should be available to a more confident calculation or
GNI

- the normal harvest index of each variety could certainly explain a part of the residual
variability in the relation between grain number and nitrogen uptake at flowering (Fig.20). It is
probable that differences with varieties exist in the ability to produce the same grain number
with different nitrogen uptake.

It is thus necessary to use these index, but they need several estimations, each estimation with
a certain uncertainty, so there is a final error in GNI and GWI1 values,

Yield seems closely related to grain number and nitrogen status at flowering. Nitrogen nutrition
is not limited at tillering, but stress can occur during the shooting; aimost al! ecological fields
have important nitrogen stress at flowering. The first stage (before tillering) and last one
(filling period) are of miner importance in their contribution to yield elaboration.

II1.2/ SUCROS SIMULATIONS

111.2.1/ The different simulations

Several simulations have been done with SUCROS, in order to simulate the potential yield. For
SUCROS, two fields with the same dry matter and LAI (Leaf Area Index) at the same
development stage have the same yield potential, independantly of the variety. This variety
effect is not taken into account with simulation from sowing, but is more or less taken into
account when simulations begins with a developped crop: SUCROS is very sensitive to
differences of LAl, even if dry matter are equal.

Therefore, we decided to begin simulation at tillering, by measuring on-field dry matter and
LAI and calculating the development stage of each crop. The same measures are made at
flowering; it is so possible to compare the simulated values to the actual values (it will be
called "Dry Matter at Flowering simulation”). Potential yield can be simulated in two ways:

- from tillering: we use the on-field measures of tillering, and the model (SUCROS)
runs from tillering until grain maturity (it will be called *'Yield Simulation from Tillering")

- from flowering: on-field measures at flowering are used as mput of the model which
runs from flowering umtii grain maturity (it will be called "Yield Simulation from
Flowering™).
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HI.2.2/ Results of the simufation

Is it possible to be confident in the simulations values? The reliability of the simulated values
depends on two things:

- the precisions of the on-field measures of the model inputs and outputs: dry matter
and LAY

- the accuracy of the model SUCROS itself.
The only way to validate the accuracy of SUCROS for potential dry matter in our study is to
control that no fields have significantly more dry matter than simulated.

Result of the "dry matter at flowering simulation”: the on-field measures of dry matter are
equal or slightly superior to the "simulated dry matter" (Fig.22). It seems that reduction of
actual dry matter compared to potential ones can occur, whatever the potential is. So, it is
possible to conclude that SUCROS was accurate for this first simulation.

To compare fields, an index has been created (Fig. 23): Dry Matter Index

[DM[ = (100 * actual dry matter / simulated dry matter) at flowering ‘

This index describes crop growth during the shooting period.
In the same idea, two others index have been created for the two others simulations

Yield Index (from Tillering)
[YI(T) = 100 * actual yield / yield simulated from tillering |

Yield Index (from Flowering)
|YI (F) = 100 * actual yield / yield simulated from flowering |

YI (F) is more interesting for us because it characterizes the grain filling period according to 2
mechanistic integration of crop characteristics at flowering. Its significance is complementary
" to GWL, because GW]I takes only into account the filling of the existing grains. If grains
disappear (because of non-fecundation or others reasons) at or after flowering, it will not
appear in GWY, whereas it should influence YX (F).

The rule to judge the accuracy of SUCROS is that the obtained values of the index should not
be significantly superior to 100%. If some fields' index are significantly over 100%, it means
that SUCROS has underestimated the potential yield.

Yield simulation from tillering (Fig.24) shows that several fields have largelly exceeded the
simulated yield potential. It is not correct to use this index, potentials being strongly
underestimated. Yield simulation from flowering (Fig.25) shows an acceptable result,
because the higher values of the index YI(F) equals more or less 100%. We do not know
exactly the confident interval of SUCROS simulations, but we could assess that 107% belongs
toit.

To understand why the global simulation (YI(T)) is so maccurate compared with the second
one (YI(F)), we have compared simulated LAI at flowering to the actual LAl (Fig 26). It
appears that SUCROS has underestimated the LAI, for the high values only. According to Van
Keulen (personal communication), who develops SUCROS, it is not surprising, seing that the
"assimilates repartition function” is the weak pomnt of SUCROS.

Conclusion on the accuracy of SUCROS simulations in our survey: the predictive value of
SUCROS is not satisfactory enough when used in a long period. But used in a smaller period,
SUCROS seems accurate enough, therefore DMI and YI(F) will be used i the following
analyses.






