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Abstract 
 
The goal of IntercropVALUES is to exploit the benefits of intercropping to design productive, diversified, 
resilient, profitable and environmentally friendly agro-ecological cropping systems less dependent on 
external inputs than current systems and acceptable to farmers and actors in the agri-food chain.  
This common protocol has been developed within WP2, WP3 and WP4 and is composed of common 
treatments and measurements, that will be organised in the IntercropVALUES database (WP8). The design 
of this common protocol was developed using a participative approach where all partners interested have 
participated. In addition, partners in WP1, 5 and 6 were included in discussions around the various 
assessments and information gathered, so that the data produced within the on-station experiments can 
be used for overarching analyses across Co-Innovation Case Studies (CICS) managed by WP1 (farm scale) 
and WPs.  
The on-station experiments (WP2) will be based on a network of 14 sites using a common protocol as set 
out in this handbook, in order to test the same hypotheses at each site and ensure a meta-analysis 
supported by rigorous statistical methodology. Specific attention will be paid to evaluate the impacts of 
key factors (species, varieties, management practices, soil and climatic conditions, as well as G*G*E*M 
interactions) driving the intercropping agronomic performances, while ensuring sufficient statistical 
power (4 replicate blocks). The network of on-station field experiments will cover a wide gradient of 
European climatic and agricultural conditions, with 10 countries involved: Sweden, Germany, UK, France, 
Switzerland, Austria, Serbia, Italy, Greece and Spain; it will be complimented with sites in China and in 2 
countries in Africa (Senegal and Zimbabwe).  
The on-station network will implement two-year field experiments in order to evaluate agronomic 
performances and ecosystem services (ES) of intercropping systems and practices assessed according to 
a common protocol.  All the information measured will be analysed together as one dataset by using 
rigorous statistical methods developed for meta-analysis, aiming to produce a robust meta-analysis of the 
collected data and at least one paper published in a high impact factor journal. 
The 4 key topics addressed within the meta-experimentation are the followings: 

1) Assess yield performance and yield stability of intercrops vs. sole crops and identify determining 
pedo-climatic conditions as key factors, which explain results and performance variation under 
local conditions; 

2) Evaluate the efficiency of abiotic resource use and determining factors of grain nutrient 
composition (macro- and micronutrients); 

3) Evaluate the efficiency of intercropping practices in weed, pest and disease control and 
subsequent damage reduction, in order to elucidate changes in yield gaps due to pathogens, in 
the case of no pesticide use (organic farming) and reduction of chemical pesticides (conventional 
farming); and,  

4) Identify the extent of ES delivered by intercropping and impact on soil health, GHG emissions 
and water quality (nitrate leaching, pesticide use avoidance). 

IntercropVALUES will carefully organise the data acquisition and integration in a database that will be 
developed specifically for these various experimental tasks. Additionally, the data acquired through the 
multi-site experiments will be used to develop modelling work (WP4), provide data on grain macro- and 
micronutrients for WP5 and provide technical management information to inform WP6 on socio-
economic impacts of intercrops. 
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1. Introduction 
 
Protocols for both on-farm demonstration activities (CICS) and on-station trials (WP2 meta-
experimentation) were developed to ensure common experimental design and treatments, a common 
methodology for agronomic and ecosystem services assessments and efficient use of data from field trials 
in other WPs. Protocols designed for CICSs focus on manageable, user-friendly and reliable assessments 
that will assist the multi-actor knowledge building activities in WP1. Protocols developed for the on-
station field experimental network include extended measurements for agronomic testing and ecosystem 
services assessment (including disservices), Soil health and GHG emissions (WP3), plant trait assessments 
for modelling (WP4), grain quality analyses (WP5) and data on agronomic inputs and crop yields (WP6). 
All protocols were developed parallel to and aligned with the database managed in WP8. The work was 
carried out in order to define the common 1) treatments across sites, 2) protocols for measurements of 
performance and ecosystem services and 3) protocols to collect data for model parametrization and 
testing. 

1.1 Information included 
 
The protocols in this handbook describe methods for measuring a number of soil parameters (both field 
and laboratory based), as well as for the notation and documentation of various technical and 
management information and weather data. Additionally, methodology on the measurement of GHG 
emissions have been included together with numerous crop assessments, which include both 
morphology, physiology, yield and post-harvest measurements, as well as assessments for non-crop 
biodiversity. These protocols have been selected and collected in close cooperation with WPs 1, 2, 3, 4, 5 
and 6 in order to contribute to work package analyses and to provide guidelines for experimental 
treatments and design and consistency in methodology. 
The protocol handbook has been structured to include all the protocols for i) technical management and 
other information, ii) weather data, iii) soil parameters (incl. GHG emissions measurements) and iv) plant 
assessments protocols. Additionally, field calendars for both WP2 and WP2 + WP3 combined are included 
to describe the chronology of the various assessments and recorded parameters for the on-station field 
experiments.  

1.1.1 Protocol priority depending on WP 
 
The protocols are to be found in a table format with the description and colour coding of the priority level 
for each work package. Priority levels (for each WP) can be described as information measured that is: 1) 
absolutely necessary, 2) very valuable and 3) desirable and are colour-coded as follows: 
  

01 
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Priority level Description 

1 Absolutely necessary 

2 Very valuable 

3 Desirable 

 
Assessments/measurements with priority level 1 are considered absolutely necessary/essential in order 
to complete the various tasks of the mentioned WPs and which should receive priority in all field trials. 
Very valuable assessments, deemed priority level 2, can potentially contribute significantly to the overall 
value and scope of the data set, particularly for modelling activities and other overarching work package 
analyses. These parameters could be measured by a number of partners, contingent on resources and 
expertise. Finally, desirable assessments (priority level 3) could prove valuable for setting up perspectives 
for future research and may be measured in one or two sites, depending on local interest and expertise. 
Each protocol provides information on the relevancy for each WP, as well as a general description on the 
importance/implications of the specific assessment or parameter. Protocols for the various soil 
parameters include “Specification” on soil depths for the various WPs and WP tasks, while “Sampling 
level”, also included in the crop assessment protocols, indicates the level to which samples are to be 
drawn e.g. composite sample per replicate or sample per plot and replicate. For the crop assessment 
protocols the addition of the category “Plant species” gives information about which plant species are to 
be assessed (may also include non-crop species-weeds), and the category “Scale” on whether the 
assessment is to be done on a plot, subplot or subsample level. Both soil parameters and crop assessment 
protocols include a section on methodology, often linked to extra information in the form of 
figures/templates/photos etc. to be found in the appendix. Alternative assessment methods, as well as 
references, may also be indicated if available. The category “Sampling timing” or “Timing” indicate when 
the various parameters/assessments are to be completed, and the section “Reporting” gives information 
on the format that the various parameters and assessments should be reported and integrated into the 
database (see 1.5).  

1.2 Treatments and experimental design 
 
In total there are 16 proposed treatments (Table 1) to be included in the on-station experiments. The 
treatments include both sole crops and intercrops in a replacement design (50:50 intercrops) at three 
different nitrogen fertilization levels (0, 50 and 100%). Of these 16 proposed treatments, five (dark green) 
are deemed compulsory meaning that these must be included by all partners. An additional seven 
treatments have been identified as desirable (lighter green) and will be included by a selected number 
of partners in on-station experiments. Treatments 9 and 10 are relevant for conventional sites only. 
Treatments 15 and 16 allow for differential sowing densities in intercrops and can follow either a 
replacement or additive design, depending on the partner. 
Partners involved in a CICS (WP1) are recommended to choose a sowing density (for treatments 15 and 
16) in discussion with their associated CICS, especially if farmers have a specific interest in a proposed 
sowing density/pattern. 
Additionally, there are four treatments deemed optional (pale green) for those partners that have an 
interest in comparing sowing density effects between sole crops and intercrops.  
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Table 1: Treatment set for the multisite field trials applicable for WP2 and WP3. Colours denote whether the 
treatments are compulsory, desirable or optional. 

 

No. Sole/Intercrop Fertilizer Seeding density 

1 sole crop cereal full N fertilization 100 

2 sole crop legume no N fertilization 100 

3 intercrop no N fertilization 50/50 legume/cereal 

4 intercrop half N fertilization 50/50 legume/cereal 

5 sole crop cereal no N fertilization 100 

6 sole crop cereal half N fertilization 100 

7 intercrop full N fertilization 50/50 legume/cereal 

8 sole crop legume half N fertilization 100 

9 sole crop cereal 
full N fertilization incl. herbicide and 
pesticide application 

100 

10 sole crop legume 
no N fertilization incl. herbicide and pesticide 
application 

100 

11 sole crop cereal full N fertilization 50 

12 sole crop cereal half N fertilization 50 

13 sole crop cereal no N fertilization 50 

14 sole crop legume no N fertilization 50 

15 intercrop no N fertilization different from 50/50 

16 intercrop half N fertilization different from 50/50 

 

dark green = compulsory 

lighter green = desirable 

pale = optional 
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1.2.1 Compulsory treatment subsets for WPs 2 and 3 for selected assessments  
 
A number of assessments/parameters are quite labour intensive and for this reason the focus for these 
specific assessments/parameters will be on a selected subset of treatments. Within the individual 
protocols under the sections “Sampling level” for soil parameters and “Scale” for plant assessments, 
information for each WP on whether all treatments or only the selected subsets are to be included will 
be given. Should partners involved in WP2 only be interested in sampling or assessing additional 
treatments for WP3, this is possible depending on individual partner capacity.  
 
For WP2 partners, the selected treatment subset includes the five compulsory treatments listed above 
(Treatments 1-5) (Table 2). These five treatments are the compulsory minimum for these selected 
parameters/assessments, however, if partners may decide to include additional treatments depending 
on their work capacity, budget constraints and interest. For WP3 (Task 3.1 and 3.2), the compulsory 
selected treatment subset is three and includes treatments 1, 2 and 4 (Table 2). 
 
Table 2: Subset of compulsory treatments for both WPs 2 and 3. 

 

WP2 

No. Sole/Intercrop Nitrogen fertilizer Level Seeding Density 

1 sole crop cereal full N fertilization 100 

2 sole crop legume no N fertilization 100 

3 intercrop no N fertilization 50/50 legume/cereal 

4 intercrop half N fertilization 50/50 legume/cereal 

5 sole crop cereal no N fertilization 100 

WP3 (Task 3.1 and 3.2) 

No. Sole/Intercrop Nitrogen fertilizer Level Seeding Density 

1 sole crop cereal full N fertilization 100 

2 sole crop legume no N fertilization 100 

4 intercrop half N fertilization 50/50 legume/cereal 

 

1.2.2 Field site 
 
Field trials will be conducted under both organic and conventional management depending on partner 
choice and according to the necessary regulations in the case of organic management. The field trials are 
planned for two (in the case of Task 2.3) or more experimental seasons (Task 2.2) and experimental fields 
should be located on the same farm/site to be able to compare results of both experimental seasons. The 
experiments should not be sown on the same field in consecutive years, but rather the experiments 
should be sown on adjacent or neighbouring fields, with the same preceding crop to make comparisons 
possible. 
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1.2.3 Experimental Design 
 
The experiments should be based on a randomised complete block design (RCBD) or similar design with 
4 replicates to ensure statistical robustness (see Figure 1 as an example).  
 

 
 

Figure 1: Example of a RCBD with four replicates for 10 selected treatments (see treatment key below for treatment 
description). 
 
Treatment Keys are as following:  
 

No. 
according 

to exp. 
design 

No. according to 
treatment list 

Sole/Intercrop Fertilizer Seeding density 

1 1 sole crop cereal full N fertilization 100 

2 2 sole crop legume no N fertilization 100 

3 3 intercrop no N fertilization 50/50 legume/cereal 

4 4 intercrop half N fertilization 50/50 legume/cereal 

5 5 sole crop cereal no N fertilization 100 

6 6 sole crop cereal half N fertilization 100 

7 7 intercrop full N fertilization 50/50 legume/cereal 

8 8 sole crop legume half N fertilization 100 

9 13 intercrop no N fertilization different from 50/50 

10 14 Intercrop half N fertilization different from 50/50 

1,5m 1,5m 1,5m 1,5m 1,5m 1,5m 1,5m 1,5m 1,5m 1,5m 1,5m 1,5m
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1
2

m

37,5m

9m 9m 9m 10,5m

3m 3m 3m 3m 3m 3m 3m 3m

6
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m
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9
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9 2 8

8 2 5 4 7 2 6 4
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9 6 1 2 3

Replicate Block 1 Replicate Block 2 Replicate Block 3 Replicate Block 4

1 3 7 6 5

The plot length 
must be long 

enough (in this 
example 12m) so 
that edge effects 

on plots 
neighbouring each 
other in this way 
can be avoided, 

while still leaving 
an adequately 

large plot size for 
all assessments. 

Sampling must be 
done within the 

central part of the 
plots, avoiding the
edge of the plots. 
Likewise the area 
between plots can 
be harvested first 
to ensure clean 
plots avoiding 

edge effects from 
the neighbouring 
plots and to allow 

for exact 
measurement of 

plot length before 
harvest
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1.2.4 Plot size and boundaries 
 
Plot size in the on-station experiments is crucial as there will be a number of destructive soil and plant 
assessments to be made. Additionally, there will be edge effects due to the crops or intercrops and 
differential fertilizer applications. Therefore, plot sizes need to be increased to accommodate this by 
doubling plot size per treatment and replicate: one plot for harvesting and non-destructive assessments 
and one plot for destructive assessments (see Figure 2 below). 
 

 
Figure 2: Description of double plot per treatment to ensure a harvestable half-plot and half-plot for destructive 
measurements. 
 

Due to the edge effects of the intercrops and fertilizer applications, the plot length should also be long 
enough so that edge effects of neighbouring plots can be avoided, while still leaving an adequately large 
plot size for all assessments. Sampling must be done within the central part of the plots, avoiding these 
neighbouring plot areas. 
  

1,5m 1,5m

1,5m 1,5m

10
m

Boundary plot 

to reduce edge 

effects

Plot for harvest and 

non-destructive 

measurements 

Plot for destructive 

measurements 

(biomass cuts etc.)

Boundary plot 

to reduce edge 

effects

3m

Close-up of individual plots 
including boundary plot on 
either side to reduce edge 

effects. 

Even within a single plot 
there will be edge effects, 

so please ensure that 
sampling takes place 

within the centre of the 
plot. e.g. If a plot consists 
of 7 sowing rows, then the 
sampling should be carried 

out in the 2-6th row, 
leaving out the first and 

seventh crop row.

1m
1m
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1.2.5 General criteria for selecting subplots  
 
Whenever possible, use a stratified random sampling technique to select subplots:  
 

¶ Leave out the edges of each plot: Disregard the outermost (1-2) border-rows and do not take 
measurements and samples from the ends of the plot.  

¶ If there are any poorly established areas within a plot that have been caused by a sowing error 
or damage by birds or wildlife, for example, then avoid this area for sampling if possible.   

¶ If a species has a clumped distribution in the plot, make efforts to select areas with a more regular 
distribution, and/or increase the size of the sampled area (i.e. 2 m2 rather than 1 m2).  

1.2.6 Preparation of plot harvesting  
 
Plot lengths may deviate from the original plans. Therefore, before harvesting plots, make sure to 
measure effective plot lengths and recalculate plot size, possibly after running the combine harvester 
perpendicular to plot lengths (trimming), in a similar way for all plots. Trimming of plot size should also 
be considered if some areas of the field trial are poorly established.  

1.3 Assessment reliability and timing  

1.3.1 General procedures  
 
The methods for trait recording described in the listed protocols rely on mechanical-physical measuring 
equipment (soil moisture content etc.), objective quantification (counting, length etc.), or visual scores 
(flowering rate, disease incidence etc.). For visual scores, strategies should be taken to standardise or 
neutralise subjectivity. It is recommended to restrict the work to be conducted to a single person (or at 
least always to the same people) due to subjectivity of the estimates. If this is not possible, cross-
calibration of the different observers should be conducted prior to the observations. Alternatively, when 
multiple people are scoring, allocate blocks/replicates to individuals to ensure person-to-person 
variability is included within block-level variation, allowing scoring differences among treatments to be 
standardised. It is important to consider that many visual scores will be relative and only allow ranking of 
treatments within single trials. To ensure data consistency in multi-partner projects, and the quality of 
any subsequent analyses, partners should endeavour to follow the protocols as described in this 
handbook. However, should this not be possible, any methodological differences should be recorded and 
well described.  

1.3.2 Planning of coinciding assessments/measurements  
 
In some cases, a number of assessments coinciding around specific growth stages can be completed at a 
single sampling date or in a single workflow, whether these are measured on a plot or subplot level. These 
coinciding assessments have been indicated in each protocol (including a link between 
assessments/parameters that can be performed at the same time), as well as in the field calendars. For 
example, biomass cuts performed during the season are always to be done in parallel with soil mineral-N 
and soil moisture content. Another example is the various soil parameters to be sampled, which are all 
analysed from the same single soil sample taken at various depths (depending on WP and task). Please 
pay special attention to the field calendar and protocols to ensure work efficiency by performing multiple 
assessments/measurements simultaneously wherever possible.  
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1.4 Fertilizer type and application levels 

1.4.1 Fertilizer application levels 
 
The treatments include differential nitrogen fertilizer levels of 0 (no N), 50 (half N) and 100% (full N). N 
fertilizer application for the on-station experiments will not be based on a blanket recommendation 
across all sites, but should be based rather on location-specific and crop-specific guidelines (that can be 
referenced in scientific publications). The aim of the full nitrogen fertilizer application level is to avoid any 
N stress for the cereal crop during the entire growth season, whilst remaining economically and practically 
viable and applicable. The fertilizer application levels for each partner should also be decided upon based 
on a soil mineral-N (Nmin: NO3-N+NH4-N) analysis over the soil profile exploited by roots (90 to 120 cm 
depending on soil depth) to ensure an appropriate fertilization rate. 
 
The fertilizer application pattern (e.g. broadcast) will depend on the crops grown and the specific location 
practices (e.g. fertilizer in maize-legume intercrops is not broadcast, but applied in-row on maize) to avoid 
inhibition of N2 fixation of legumes. The fertilizer application rates, timing, application pattern etc. must 
all be recorded as described in the technical management and other information protocols (see 3.4).  

1.4.2 Clarification of 0, 50 and 100% N fertilizer application levels 
 
Using 100 kg N/ha as the example for full N (100%) fertilizer level, 50 kg N/ha corresponds to the half N 
(50%) fertilizer level and no fertilizer application to the 0 N (0%) application level. Please note that soil 
Nmin at sowing should be low to moderate to ensure that both the 0% and 100% N fertilizer application 
level are feasible and reflect realistic fertilizer levels found within either organic or conventional systems, 
dependent on partner location. For this reason, choice of the preceding crop is important and should not 
include long-term legumes (e.g. after a two-year clover rotation, the legume both as sole and in intercrops 
will perform poorly). Please note that very high fertilizer applications will also suppress legume growth. 
Essentially this is not problematic as we will be testing both the sole and intercrop treatments at 0% N 
fertilizer application, however, if the 100% N fertilizer application is very high (e.g. 270 kg N/ha), then the 
half N (50% N) application level (e.g. 145 kg N/ha) may reduce legume competitive ability and 
performance and thus reduce the positive effects of intercropping, as well demonstrated in the scientific 
literature. This is also a result, as N input level will be used as an explanatory variable to describe intercrop 
performance, however, the question remains if such high N input levels (e.g. for 100% N input) are both 
agronomically and economically feasible. 
 
During the experimental season, soil Nmin will be measured at various growth stages and will be used in 
the analyses as an explanatory variable, therefore the decision of fertilizer application level should not 
only be based on initial soil Nmin level, soil type and preceding crop, but also on country or location 
specific guidelines for successful cereal cultivation. 
The partners need to calculate the fertilizer-N adapted to both i) the grain yield target, which must be in 
coherency with the pedoclimatic potential and the best agricultural practices, and ii) the reasoning of N 
budget based on the principles of the N balance-sheet method (e.g. Meynard et al., 1997), where all N 
inputs equal N outputs by definition. In addition, the initial Nmin at sowing must be measured in order to 
accurately know the initial conditions and the value of soil available Nmin at the opening of the N budget 
calculation. The N balance-sheet method considers all components of the N budget, such as i) the crop N 
needs, ii) the soil N content (soil organic matter and crop residues of the preceding crop), iii) the N losses, 
and iv) the fertilizer-N efficiency; so the fertilizer-N amount is only the N lacking to cover the difference 
between these mentioned components. Of course, the N losses must be reduced as much as possible 
(avoiding NO3 leaching, leading to reduced emissions of NH3 and N2O). Soil N mineralization depends on 
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both i) soil N organic stock, and ii) soil biochemical characteristics which determine the rate of 
mineralisation in complement to soil water status (see Clivot et al., 2017). 
An example of such a fertilizer recommendation for winter wheat can be found from the FAO 
(https://www.fao.org/3/a0443e/a0443e04.pdf), which stipulates a crop N requirement of around 200 kg N/ha 
for 6-7 t grains/ha harvested, which do not corresponds to the fertilizer-N amount as the soil is providing 
Nmin by soil organic matter mineralization in additional to initial soil Nmin. Another example can be found 
from Agroscope in Switzerland, which recommends approx. 140 kg N/ha for conventionally-managed 
winter wheat (https://www.agroscope.admin.ch/agroscope/de/home/themen/umwelt-ressourcen/boden-

gewaesser-naehrstoffe/naehrstoffmanagement/grud.html). 
As these two examples make clear, fertilizer recommendations will depend on the soil, climate, 
management practices and cropping system (type of preceding crop), therefore local guidelines for 
specific management systems (conventional or organic) should be followed. Additionally, it is of 
importance that local fertilizer regulations are followed, for example fertilizer application for winter 
wheat in Germany (regulated by the Germany Fertilizer Ordinance DüV) is only permissible from 01.03 in 
a given year (no fertilizer applications allowed in the autumn or winter of the sowing year) due to risk of 
soil N leaching over the winter period. 
 
The 50% N application level is always 50% of the full N application level (100% N), regardless of soil Nmin 
status. The half N fertilizer application (50%) would still be 50% of the 100% fertilizer application. The 
0% N fertilizer application would mean that for these treatments, the N available to the crop would be 
the available N from the soil only and that no fertilizer-N must be applied. 
For partners including the treatments 11-14 (crops sown at 50% density) into their on-station 
experiments, the 100% N fertilizer application level for these half-density treatments should be the same 
as the treatments sown at full density (100% density) as it is assumed that plant ramification could 
compensate the reduced number of seeds sown. 
 
For on-farm trials (WP1), CICS partners should be aware of placement of intercrops within crop rotations, 
as well as fertilizer application levels to ensure good agronomic performance and this discussion with CICS 
partners warrants careful thought and in-depth discussion. 
 

1.4.3 N fertilizer type 
 
For conventional on-station experiments, N fertilizers such as urea/ammonium nitrate can be applied 
easily at the specified N fertilizer application levels. However, under organic management, pure N 
fertilizers are not easily available and compound fertilizers that include other nutrients in addition to N, 
such as phosphorous and sulphur, are more common. Some examples of permissible fertilizers allowed 
in organic management include hairmeal pellets, hoof and horn pellets, bloodmeal pellets, slurry and 
manure. These fertilizers include additional nutrients, which should then be balanced/equalized out 
across all treatments to ensure the same application of these additional nutrients across all treatments. 
Please note that the application of these additional nutrients will be necessary on the treatments with 
both 50% and 0% N application rates only. The treatments with half N (50%) will only need to apply 50% 
of these additional nutrients to equal the full N (100%) application level, while treatments at no N (0%) 
application level will need a full application of these additional nutrients to match the full (100%) N 
fertilizer application level. Fertilizer options such as slurry and manure will need to be analysed prior to 
application in order to calculate N and other nutrient application amounts (nutrient levels are not 
standardised and depends on the source). This may be variable between years, and so an analysis per 
application will be necessary before each application. For this reason, standardised products such as 
hairmeal, hornmeal or bloodmeal pellets are an easier option in terms of fertilizer applications for the 
experiments. 

https://www.fao.org/3/a0443e/a0443e04.pdf
https://www.agroscope.admin.ch/agroscope/de/home/themen/umwelt-ressourcen/boden-gewaesser-naehrstoffe/naehrstoffmanagement/grud.html
https://www.agroscope.admin.ch/agroscope/de/home/themen/umwelt-ressourcen/boden-gewaesser-naehrstoffe/naehrstoffmanagement/grud.html
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1.4.4 N fertilizer application timing 
 
As mentioned above, the 100% N fertilizer application level should be based on location-specific and crop-
specific guidelines (that can be referenced in scientific publications) and should aim to increase at much 
as possible the fertilizer-N efficiency. The aim of the full nitrogen fertilizer application level is to reach the 
grain yield target and then considers the level of N stress accepted for the cereal crop during the entire 
growth season, whilst remaining economically and practically viable and applicable. This timing of the 
applications is dependent on location guidelines/regulations. These include multiple fertilizer applications 
throughout the season e.g. split applications, the first half applied towards the end of tillering and start 
of stem elongation in cereals (BBCH 25-35) and the second application around cereal flowering (BBCH 60-
69). However, decisions on N fertilizer application timing will depend not only on fertilizer type, 
management system, partners capacity as well as machinery, but also weather conditions. Please note 
that fertilizer guidelines are dependent on cereal crop requirements and as such split fertilizer 
applications may be necessary, if feasible for partners in terms of experimental machinery available. It is 
of utmost importance that details of all fertilizer applications are noted as mentioned in the technical 
management protocols (see 3.4). 

1.5 Data handling and input 

1.5.1 Database 
 
Within WP8, the IntercropVALUES database is being developed in order to meet the needs of each WP in 
order to allow for an overarching analysis across WPs. Within the protocols, the reporting format is given 
for data input in to the database (e.g. t/ha corrected to 14% moisture content the standard value 
considered for marketing). Additionally, examples of data collection templates (to be used on the field for 
raw data collection) are all available on the IntercropVALUES private collaborative platform under 
“WP2/Protocol Handbook”. Within these assessment templates, formulas are included so that the final 
values for each assessment/measurement can be exported into the database. Further training and 
instruction on the database and data input is planned in the coming months and a workshop will be 
organised at the second annual IntercropVALUES meeting, University of Bonn, Germany (4-6.10.2023). 

1.5.2 Data collection and reporting  
 
When doing coordinated assessments across sites, it is recommended to align the formats using the data 
collection templates, which can be found on the IntercropVALUES collaborative platform under 
WP2/Protocol Handbook. These templates ensure the alignment of data formats and trait names, 
suggestions for which are provided under each of the following trait protocols. 
 

Data quality control  
Verification of data is essential for ensuring the quality of subsequent outputs and findings. A number of 
methods are suggested for checking validity of collected data and identify errors in collection and 
processing:  

¶ Spot checks on raw data files or hard copies (such as paper) for outliers and errors  

¶ Spot checks on data entered into the electronic format for outliers and typographical errors  

¶ Proof reading of printouts of digitised data against raw data files/hard copies by checking off 
each data point on a printed version  

¶ Entering of data into electronic format by two different users and the two data sets are compared 
to identify and correct typographical errors  
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¶ Outlier check conducted on data (e.g. box plot by treatment categories) and outlier values 
verified and flagged. If justified, remove from the data set.  

 

Archiving of measurements and data  
Please note your measurements on pencil and paper (waterproof, or inside weather writers) or (where 
applicable) electronically. Always keep a second hard copy: photocopy your original sheet(s) regularly. 
Store electronic data on at least one additional location (e.g. work, home, and cloud-based storage), if 
possible. It is strongly encouraged to take numerical photos of plots and fields on a regular basis for 
later reference and documentation. Additionally, aerial photographs (by drone, or alternatively, carefully 
mounting a nearby elevated position) are useful for presentation and dissemination.   
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2. Common protocols  
 
The common protocols are divided into the following chapters dealing with different aspects of the 
experimental assessments i) technical management and other information, ii) weather data, iii) soil 
parameters divided into both field sampling for soil health and soil laboratory analyses, iv) plant 
assessments, which have been divided in to assessments for phenology, morphology, physiology, 
reproduction, yield and post-harvest protocols and assessments for non-crop diversity. Additionally, field 
calendars for both WP2 only and WP2 and WP3 combined have been added. A number of appendices for 
further consultation are also included,   
 

 
 

Mixed cropping experiment (varietal screening) in Neu-Eichenberg, Germany (© OW) 
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3. Technical management and other information 
 
Information on technical management includes standard information on numerous management 
decisions/processes during different experimental periods throughout the growing season, including pre-
sowing, at sowing, during the season, at harvest and post-harvest.  
In addition to the recorded information on technical management, the description of the field site is 
crucial for subsequent data analysis and modelling and should be collected and reported in a metadata 
sheet in the data collection template. Meta-data includes information such as field name, involved 
personnel, geolocation and experimental design and management, as well as soil and weather 
characteristics (see 4 and 5).  

3.1 Information on experimental site 
 

Category Technical management data Reporting 

Information 
on experiment 

Field name Character - field name or coding for field name 

Personnel involved in experiment 
(field assessments) 

Character - name/s of the various personnel 
responsible for each assessment (best noted 
at each assessment) 

Geolocation of experimental field 
Numeric – longitude and latitude of weather 
station in ° 

Experimental design incl. no. of 
replicates 

Character - short description of experimental 
design including number of replicates (e.g. 
RCBD with four replicates) 

Management system 
Character - description of management 
system (organic or conventional) 

3.2 Pre-sowing 
 
Technical management data collected pre-sowing includes information on the preceding crop and its 
management, soil preparation and information on additional process steps that may be necessary for 
intercrop sowing (e.g. pre-mixing of seeds before sowing). 
 

Category Technical management data Timing Reporting 

 
Pre-crop 

management 
 

Type of preceding crop (main 
preceding crop) 

Pre-sowing 

Character - botanical and 
common name incl. varietal name 
(if available) of preceding main 
crop species 

03 
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Pre-crop 
management 

 
 
 
 
 
 
 
 
 
 
 

Date of preceding main crop 
residue incorporation 

Numeric - report as Julian date 
(25.05.2023) 

Type of organic residues (eg. 
root+straw, whole crop) of the 
preceding main crop incorporated 
in the previous growing season 

Character - name of organic 
residue type of the main crop 
incorporated in the previous 
growing season 
 

Date of amendment/fertilizer 
applications for preceding main 
crop 

Numeric - report as Julian date 
(25.05.2023) 
 

Type of amendments/fertilizer 
(eg.  farmyard, sewage sludge, 
slurry, etc.) (for preceding main 
crop) applied in the previous 
growing season 

Character - name of 
amendment/fertilizer type 
incorporated in the previous 
growing season 

Amount of fertilizer applied (if 
applicable) in the previous 
growing season for the preceding 
main crop 

Numeric - report in kg/ha for each 
nutrient and each fertilization 
period (for the preceding main 
crop) 

Type of preceding cover crop 
(growing in the field between 
harvest of the preceding main 
crop and establishment of the 
main experimental crop) 

Character - botanical and 
common name/s incl. varietal 
name/s (if available) of preceding 
cover crop species 
 

Sowing date of preceding cover 
crop 

Numeric - report as Julian date 
(25.05.2023) 

Type of amendments/fertilizer 
(e.g. farmyard, sewage sludge, 
slurry, etc.) (for preceding cover 
crop) incorporated in the previous 
growing season 

Character - name of 
amendment/fertilizer type 
applied to the cover crop in the 
previous growing season 
 

Amount of fertilizer/amendments 
applied (if applicable) in the 
previous growing season for the 
cover crop 

Numeric - report in kg/ha for each 
nutrient and each fertilization 
period (for the cover crop) 

Date of preceding cover crop 
(residue) incorporation 

Numeric - report as Julian date 
(25.05.2023) 

Type of organic residues (eg. 
root+straw, whole crop) of the 
cover crop incorporated in the 
previous growing season 

Character - name of organic 
residue type of the cover crop 
incorporated in the previous 
growing season 

Pre-sowing 
preparation 

Mixing of seeds, crop/IC-specific 
treatment of seeds (if any) 

Character – description of IC -
specific treatment of seeds. 
Integer - number of additional 
minutes of labour needed for IC 
seed mixing 

Adjustment (if any) of sowing 
machine for the specific crop/IC 

Character – description of 
machinery adjustments needed. 
Integer - number of additional 
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minutes of labour needed to 
prepare machinery for IC sowing 
for each crop treatment (sole or 
intercrop, if different) 

3.3 At sowing 
 
Data collected at sowing includes various information about sowing data, sowing depth and density, as 
well as information on sowing patterns and crop species.  
 

Category Technical management data Timing Reporting 

 
 
 
 
 
 
 
 

Sowing 
 

 
 
 
 
 
 
 
 

Date of sowing (calendar day) 

At sowing 

Numeric - report as Julian date 
(25.05.2023) for both species (if 
different) 

Depth of sowing (cm) 
Numeric - report in cm for both 
crop species (if different) 

Sowing density (number of 
germinable seeds per m2) 

Numeric - report for both crop 
species (if different) 

Seed germination rate 
Number - report in % germination 
rate for both crop species 

Thousand grain weight per species 
(g) at sowing 

Numeric - report in g for both crop 
species 

Inter-row distance (cm) 
Numeric - report in cm for both 
species (if different)  

Row orientation (N:North,  
S:South, W:West, E: East) 

Character – use given 
abbreviations 

Sowing pattern (within-row, 
alternate, strip, relay etc.) 

Character – description of sowing 
pattern for both crops (if 
different) 

Type of crop species 
Character - botanical and 
common name incl. variety name 
of both crop species 

Additional operation (if any) for 
sowing IC 

Character - description of 
additional operation for sowing 
IC. Integer – number of additional 
minutes of labour need for sowing 
IC 

3.4 During the season 
 
A number of technical management decisions are taken during the season and all information related to 
these decisions needs to be recorded. Such data may include and is not limited to crop fertilizer 
application (type, timing, amount), irrigation (amount, timing, type), weed management (timing, type, 
frequency), as well as pest and disease control. A number of these management processes may also occur 
a number of times throughout the season and it is vital that the data related to these management 
decisions is recorded.  
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Category Technical management data Timing Reporting 

 
 
 
 
 
 

 
 
 
 
 

 
 

Crop 
fertilization 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Date of N fertilization (for each 
application in the case of split 
applications) 

 
 
 
 
 
 
 
 
 

During 
season 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

During 
season 

 
 
 
 
 
 

Numeric - report as Julian date 
(25.05.2023) for each 
fertilization period and for each 
crop species (if different) 

Date of fertilization with other 
macro- and micronutrients (not 
including N) 

Numeric - report as Julian date 
(25.05.2023) for each 
fertilization period and for each 
crop species (if different) 

Amount of N-fertilizer for each 
treatment (50 and 100% N 
application) for each fertilization 
period (kg N/ha) - Note the total 
amount and amount per 
application period (in the case of 
split applications) 

Numeric - report in kg N/ha for 
each fertilization period and for 
each crop species (if different) 

Amount of additional fertilizer 
(macro- and micronutrients) for 
each fertilization period (kg/ha) - 
Note total amount for the whole 
cycle, but amount per application 
period (for split applications) 

Numeric - report in kg/ha for 
each fertilization period and for 
each crop species (if different) 

Type of N-fertilization (i.e. 
Ammonium Nitrate, Urea, Sodium 
nitrate, etc.) 

Character – description of N 
fertilizer for each crop species (if 
different) 

Type of additional fertilizer (i.e. 
potassium, phosphate, sulphur 
etc.) 

Character – description of 
additional fertilizer for each crop 
species (if different) 

Localization of N fertilizer (at 
ground surface or in the soil in 
depth - cm) 

Numeric - report in cm for each 
fertilization period and for each 
crop species (if different) 

Localization of additional fertilizer 
amendments (at ground surface or 
in the soil in depth - cm) 

Numeric - report in cm for each 
fertilization period and for each 
crop species (if different) 

In case of fert-irrigation (N-
fertilizer mixed directly in 
irrigation water), indicate the 
mineral-N concentration in water 
of irrigation (mg N/L) 

Numeric - report in mg N/L for 
each fertilization period and for 
each crop species (if different) 

Irrigation 
management 

Date of irrigation (see case of fert-
irrigation above) 

Numeric - report as Julian date 
(25.05.2023) for each irrigation 
period and for each crop species 
(if different) 

Amount of water for each date of 
irrigation (mm) - Not the total 
amount for the whole cycle 

Numeric - report in mm for each 
irrigation period and for both 
crop species (if different)  

Type of irrigation (i.e.: overhead, 
drip, trench etc.) 

Character – description of 
irrigation used for each irrigation 
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During 
season 

 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

period and for both crop species 
(if different) 

Weed 
Management 

Herbicide application date 

Numeric - report as Julian date 
(25.05.2023) for each herbicide 
application period and each crop 
species (if different) 

Herbicide product (active 
ingredient) 

Character – description of 
herbicide product/s and active 
ingredient/s for each herbicide 
application period and each crop 
species (if different) 

Herbicide spraying pattern (i.e.: 
whole field, only rows, only 
interrows, only specific crop row 
etc.) 

Character – description of 
herbicide application pattern for 
each herbicide application 
period and each crop species (if 
different) 

Date/s of mechanical/manual 
weeding 

Numeric - report as Julian date 
(25.05.2023) for each weeding 
period and each crop species (if 
different) 

Tools/machinery used for 
mechanical/manual weeding 

Character – description of tools 
or machinery used for each 
weeding period and for each 
crop species (if different) 

Depth of mechanical/manual 
weeding (cm) 

Numeric - report in cm for each 
weeding period and for each 
crop species (if different)  

Mechanical/manual weeding 
pattern (i.e.: whole field, only 
rows, only interrows, only specific 
crop row etc.) 

Character – description of 
weeding pattern for each 
weeding period and for each 
crop species (if different) 

Additional operation (if any) for 
weed control in IC 

Character - description of 
additional operation for weeding 
IC. Integer – number of 
additional minutes of labour 
need for weeding IC 

Pest/pathogen 
control 

Fungicide/pesticide application 
date 

Numeric - report as Julian date 
(25.05.2023) for each fungicide/ 
pesticide application period and 
each crop species (if different) 

Fungicide/pesticide product 
(active ingredient) 

Character – description of 
fungicide/pesticide product/s 
and active ingredient/s for each 
fungicide/pesticide application 
period and each crop species (if 
different). 
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3.5 Harvest 
 
Technical management data related to harvest includes not only harvest date, information on criteria for 
harvesting decision, but also whether there are additional operations such as adjustments to machinery 
that need to be performed for intercrops in comparison to sole crops. 
 

Category Technical management data Timing Reporting 

Harvest 

Date of harvest 
 
 
 
 

At harvest 
 
 
 
 
 
 

At harvest 

Numeric - report as Julian date 
(25.05.2023) for both crop 
species (if different) 

Criteria for harvest decision (i.e.: 
physiological maturity, water 
content, sugar or oil content, etc.) 

Character – description of 
harvest decision criteria for both 
crop species (if different). Criteria 
for harvest for both crop species 
(if different) 

Additional operation (if any) for 
harvesting IC, e.g. special 
machinery setting, additional 
harvest handling 

Character - description of 
additional operation for 
harvesting IC. Integer – hours for 
labour need for harvesting IC 

3.6 Post-harvest 
 
In addition to information about the follow-on crop species, sowing date and density should be reported 
for the partners involved in WP3.2 for N2O emissions (UniBonn, SRUC, SLU). Technical management 
information on the post-harvest handling of intercrops in comparison to sole crops should be reported by 
all partners.  
 

Category Technical management data Timing Reporting 

 
 

Follow-on 
crop 

 
 

Type of follow-on crop 

Post-
harvest 

Character - botanical and 
common name incl. varietal 
name (if available) of follow-on 
crop species 

Date of sowing (calendar day) 
Numeric - report as Julian date 
(25.05.2023) 

Sowing density (number of 
germinable seeds per m2) 

Numeric - report as no. of 
germinable seeds per m2 

Post-harvest 
handling 

Additional operation (if any) for 
post-harvest handling of IC, e.g. 
special machinery setting for seed 
sorting, drying, storage 

Character - description of 
additional operation for post-
harvest handling of IC. Integer – 
number of additional minutes of 
labour need for post-harvest 
handling of IC 
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4. Weather data 
 
Site descriptions should include daily weather characteristics, including standard weather station data 
(measurement at standard conditions) such as precipitation, temperature (average, min. and/or max. 
temperature), global radiation, relative humidity, and evaporation (e.g. measured at 2 m height). If site 
weather data cannot be collected locally, information on latitude and longitude can be used to access 
online information from nearby weather stations, and the climatic data must be collected by the partner 
managing the experimental site. Additionally, in the case that not all weather parameters can be recorded 
from the same weather station, then please note all weather station information for the additional 
weather stations as laid out in the table below and including a reference to the specific weather 
parameter.   
 

Category Indicator Timing Reporting 

Weather 
station 

information 

Name of weather station 

At start of 
experiment 

Character - name of the weather 
station 

Location of weather station 
Character - name of nearest 
town/city  

Distance from experimental 
field (m) 

Numeric – distance between 
weather station and 
experimental field (m) 

Height of the wind speed 
measurement (m) 

Numeric – height of the wind 
speed measurement (m) 

Height of the temperature 
measurement (m) 

Numeric – height of the 
temperature measurement (m) 

Longitude of the weather 
station (°) 

Numeric – longitude of weather 
station in ° 

Latitude of the weather station 
(°) 

Numeric – latitude of weather 
station in ° 

Weather data 

Year (e.g. 2023) 

Daily 

Integer – full year (e.g. 2023)  

Month (e.g. 11) Integer – month (e.g. 1, 11, 5) 

Day of the month (e.g. 21) 
Integer – day of the month (e.g. 1, 
11, 5) 

Minimum temperature (°C) 
Numeric – report minimum daily 
temperature (°C) 

Maximum temperature (°C) 
Numeric – report maximum daily 
temperature (°C) 

Average daily temperature (°C) 
Numeric – report mean daily 
temperature (°C) 
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Global incoming radiation (MJ 
/m²/day or Joules/cm2/day) 

Numeric – report total daily global 
incoming radiation (MJ /m²/day 
or Joules/cm2/day) 

Rainfall (mm) 
Numeric – report total daily 
precipitation (mm) 

Wind speed (m/sec) 
Numeric – report daily mean wind 
speed (m/sec) 

Air humidity (% humidity, kPa 
etc.) 

Numeric – report daily mean air 
humidity (% humidity, kPa etc.) 
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5. Soil parameters 
  
The characterization of soil parameters is essential to assess ecosystem services and interpret the 
differences observed between treatments and sites. Two sets of soil characteristics are planned, 
depending on the WP in which partners are involved:  
(i) Basic soil characteristic assessments, planned for partners involved in WP2 and WP4 only, which include 
soil texture (i.e. 5 fractions of the soil) of each horizon, soil organic carbon (SOC) and organic nitrogen 
(SON) contents, soil pH, bulk density, water content at field capacity and wilting points, CaCO3, CEC, as 
well as available P, K and Mg. 
(ii) A more in-depth soil characteristics assessment, including the basic soil characteristics mentioned 
above, in addition to both i) soil health characterization, and ii) N2O emissions measurements is planned 
for partners involved in WP3.1 and WP3.2, respectively (see Table 3 below for more details). 
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Table 3: Soil parameters and sample timing for WP2 and 3. 
 

 
Minimum soil parameters  

(partners only involved in WP2 & 4) 

Additional parameters 
for WP3.1 (0-15 cm 

depth) 

Additional parameters 
for WP3.2 

Before the trial 
set up 

Soil characterisation (5.1.1) 
Soil texture (5.3.3) 
CaCO3 (5.3.4) 
Soil organic C & N (5.3.5) 
Soil pH (5.3.6) 
Soil CEC (5.3.7) 
Soil Olsen P (5.3.8) 
Soil available K & Mg (5.3.9) 

 
GHG chambers set up 
(5.1.2) 

Between 
sowing and 
crop 
emergence  

Soil bulk density (5.2.5) 
Soil water content (5.3.1) 
Soil mineral N (5.3.2) 
 

Soil infiltrability (5.2.3) 
VESS analysis (5.2.4.a) 
Macrofauna (5.2.4.b) 
 
Soil POXC (5.3.10) 

Dynamic N2O 
measurements (5.1.2) 

End of cereal 
tillering    
(BBCH 25-29) 

Soil water content (5.3.1) 
Soil mineral N (5.3.2) 

  

Cereal 
flowering 
(BBCH 65) 

Soil water content (5.3.1) 
Soil mineral N (5.3.2) 

 
Dynamic N2O 
measurements (5.1.2) 
Soil bulk density (5.2.5) 

Harvest 
(BBCH 85-95) / 
at maximum 1 
week after 
harvest 

Soil water content (5.3.1) 
Soil mineral N (5.3.2) 

Soil infiltrability (5.2.3) 
VESS analysis (5.2.4.a) 
Macrofauna (5.2.4.b) 
 
Soil POXC (5.3.10) 
Soil pH (5.3.6) 
Soil Olsen P (5.3.8) 
Soil available K & Mg 
(5.3.9) 

Dynamic N2O 
measurements (5.1.2) 
Soil bulk density (5.2.5) 

 

5.1 Before the trial set up 
 
Two operations need to be done before or at the start of the experimental site set up: (i) the acquisition 
of soil type information, needed for all sites independent of their involvement in WP2, 3 and 4, and (ii) 
the optional set up of N2O measurement chambers for partners and treatments involved in WP3.2.  

5.1.1 Soil characterisation 
  

WP1 Priority 1 

WP2 Priority 1 

WP3 Priority 1 

WP4 Priority 1 

WP5 Priority   

Relevant to WPs 1, 2, 3, 4 
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General description 
Soil type is an essential information to correctly interpret soil properties 
analyses 

Specification 
Use of the data from European Soil database v2.0. Non-European sites will 
need to refer to soil databases for their country. 

Sampling times To be identified before the trial set-up 

Sampling level Field site level 

Method 
Locate the experimental site on the European Soil database GIS map with their 
GPS coordinates 

Reporting 
Soil type according to the WRB classification (referential used in the European 
Soil database) 

References 

Soil Atlas of Europe, European Soil Bureau Network European Commission. 
(2005). Office for Official Publications of the European Communities, L-2995 
Luxembourg, pg. 128. 
https://esdac.jrc.ec.europa.eu/content/european-soil-database-v20-
vector-and-attribute-data 

Author/s (for 
questions) 

MS, PH 

 

5.1.2 GHG chambers setting 
 

WP1 Priority   

WP2 Priority   

WP3 Priority For task 3.2 only 

WP4 Priority   

WP5 Priority   

Relevant to WPs  3 

General description N2O measurements are being made for a minimum of 3 replicates for core 
treatments 1, 2 and 4. With the exception of Zimbabwe, measurements will also 
be made through to the establishment of the following cereal.  The purpose of 
the experiment is a) to assess the relative difference of the emissions from the 
sole crops and the intercrop and b) to provide data to WP4 for the modelling of 
GHG emissions. 

Specification Each phase of the trial will be repeated twice. 
 
Intercrop Phase 
The minimum treatments to be assessed are: 
Treatment 1 Sole crop cereal – receiving 100% N at 100% seeding density 
Treatment 2 Sole crop legume – receiving no N at 100% seeding density 
Treatment 4 Intercrop – receiving 50% N of the sole crop cereal N, at 50/50 
legume/cereal seeding density 
A minimum of 3 of the 4 replicate treatments will be assessed. 
 
Follow-on phase (UK, Sweden and Germany) 
The follow-on crop, a cereal, will be sown in the spring, and cultivation of the 
stubble will occur just before sowing. 
A spring sown cereal, typical of the region will be sown. No nitrogen fertilizer 
will be applied to the cereal. At the end of the season, the yield will be harvested 

https://esdac.jrc.ec.europa.eu/content/european-soil-database-v20-vector-and-attribute-data
https://esdac.jrc.ec.europa.eu/content/european-soil-database-v20-vector-and-attribute-data
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and assessed as per the protocol for measuring yield for the intercrop phase 
(see 6.5). 

Sampling times Two chambers per plot will be placed in each treatment 
 
Intercrop Phase 
Nitrous oxide measurements should be made: 
prior to fertilizer application 
Intensive sampling – 1, 2, 4, 6, 8, 10, days after fertilisation 
twice weekly for 4 weeks – if heavy rainfall expected do 1 before and 1 after 
weekly to harvest 
Monthly to residue incorporation - if possible additional measurements should 
be taken over the winter period after heavy rainfall events or freeze-thaw 
events. 
 
Follow-on Phase 
See for establishment of follow-crop for details on establishing the crops in 
specification section (see 3.6) 
 
Nitrous oxide measurements should be made: 
Prior to residue incorporation 
Intensive sampling – 1, 2, 4, 6, 8, 10, days after residue incorporation 
twice weekly for 4 weeks – if heavy rainfall expected do 1 before and 1 after if 
possible 
 
Gas sampling should be carried out between 10:00 and 14:00 hours due to 
diurnal variation in N2O emissions and if possible between 10:00 and 12:00 
hours as indicated by IPCC good practice. For large experiments this might not 
be feasible. In all cases note the time of sampling. 
 
Soil moisture measurements will be made for each plot at each time of 
sampling. The technique used to measure the soil moisture will be determined 
by the equipment available at each site (see 5.3.1). The depth for the 
measurement will be 0-15 cm to allow for conversion to water-filled pore space. 
Additionally, at monthly intervals, soil samples (0-15 cm) will be taken from each 
block for the determination of gravimetric soil moisture (see 5.3.1). 
Soil mineral N measurements at 0-15cm will also be made monthly for each plot 
(see 0).  

Sampling level 3 reps of treatments 1, 2 & 4 

Method Nitrous oxide emission measurements: 
The closed, static chamber method is used to measure the emission of N2O from 
soil. A chamber box is inserted to a depth of approximately 5 cm or greater (i.e. 
sufficient to produce an adequate seal). Background measurements of the gases 
of interest are taken by manually sampling the atmosphere around the 
experimental plots. To begin flux measurements, a lid is placed on top of the 
chamber, enclosing the atmosphere above the soil (and if appropriate the 
crop/s) within the chamber. An ambient gas sample is collected 6 times across 
the site.  The time at which this is done is noted.  The chamber lid is left on for 
a predetermined amount of time, usually 40 minutes. The accumulation of N2O 
within the chamber is measured by manually taking a gas sample from the 
chamber after 20 and then 40 minutes (or 15 & 30 minutes), storing this in an 
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evacuated glass vial and sending the sample for analysis by gas chromatography. 
The N2O increase (ppmv) over the incubation period (minutes) is used to 
calculate the N2O emission rate. 
 
Materials and Equipment 
Chambers: The specific types of chambers are site dependent.  
Timer 
UK, Sweden, Zimbabwe: Needles, glass syringe & evacuated gas collection vials. 
These must be standard vials for gas analysis using an automated headspace 
sampler, and are site dependent. Crimp top glass vials, crimp caps, butyl rubber 
seals. The specifics of the syringes and the size of the collection vials are site 
dependent. 
Germany: The measurements will be made on-site. The chambers will be closed 
and connected with a mobile FTIR spectrometer (Gasmet 1415). Simultaneous 
measurement of NH3, CO2 & NH4. The measurements will be conducted until the 
values stabilize. Between measurements, the tubes will be filled with 
fresh/ambient air for cleaning. 
 
Linearity check: 
UK, Sweden, Germany 
Linearity checks will be made on all chambers at each measurement period. 
Zimbabwe 
Linearity checks will be made on a random sample of chambers at each 
measurement period. In Zimbabwe, most cropping systems are defined as low-
input systems. The amount of mineral N fertilizer is low, and application is split 
in three applications. Moreover, soils are usually sandy soils, and most N losses 
are from leaching, not from N2O emissions. Overall, cumulative N2O emissions 
are very low, usually < 500 g N2O-N/ha/yr (Shumba et al. 2023). Preliminary 
studies found that accumulation periods in the chambers are much lower than 
the time required to reach gas saturation in the chamber, and linearity is 
confirmed. 
 
Cumulative N2O fluxes should be calculated using the trapezoidal rule (area 
under the curve) to interpolate fluxes between sampling points. 

Reporting The daily data and the cumulative emissions will be reported at plot level (see 
database for input requirements) 

References Shumba, A., Chikowo, R., Corbeels, M., Six, J., Thierfelder, C., & Cardinael, R. 
(2023). Long-term tillage, residue management and crop rotation impacts on 
N2O and CH4 emissions from two contrasting soils in sub-humid Zimbabwe. 
Agriculture, Ecosystems & Environment, 341, 108207. 
https://doi.org/10.1016/J.AGEE.2022.108207 

Author/s (for 
questions) 

KT 

  
  

https://doi.org/10.1016/J.AGEE.2022.108207
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5.2 Field sampling and analyses 
 
This section targets all partners, independent of their involvement in the various WPs, as it includes both 
soil sampling methodology for the minimum soil parameters set for WP2 and WP4 alone, and the 
additional parameters required for WP3. 

5.2.1 Field sampling strategy 
 
All sampling and analyses should follow the guidelines below, independent of the site involvement within 
the various WPs: 
 

¶ Depending on the soil parameter, samples should be performed either on all four replicate blocks 
(e.g. composite sample per replicate block) or in each selected treatment per replicate block (3 
replicate blocks: Zimbabwe and China, 4 replicate blocks: all other partners) 

¶ In a given plot, all sampling and measurements should be performed, when possible, at an equal 
distance between two plants (in the case of the intercropped treatments, at an equal distance 
between cereal and legume plants) 

¶ A sampling map is suggested in Figure 3 for the spatialization of all field sampling and 
measurements for both WP3.1 and 3.2 (Figure 3a) and WP2 (Figure 3b) 

  

Figure 3: Field sampling strategy diagram for soil parameters at sowing, for sites and treatments involved in a) WP3.1 

and WP3.2 (treatments 1, 2 & 4) and WP2 and b) all other sites and treatments for WP2 only (Please note that for the 

majority of partners, the intercrops are mixed and sown within row and the soil samples can then be taken at an 

equal distance between two rows as illustrated in the figure above).  

 

Auger sampling per plot (i.e. for each plot of the treatment studied) should consist of a minimum of three 
augerholes representative of the plot (see Figure 3 and protocol 5.2.2). Soil from the three augerholes 
are mixed in a bucket per depth sampled (for instance 30-60 cm), then subaliquoted into two labelled, 
hermetically sealed plastic bags: 
 

About 100 g for the first subaliquot, divided into 50 g for soil mineral N and 50 g for water content 
analyses. The bag is stored in a cooler in the field, then in the fridge upon arrival in the lab. Soil water 
content and mineral N needs to be measured within the next 48 hours. If this deadline cannot be achieved, 
then soil samples should be frozen as soon as possible. Soil water content can be performed by each 
partner (see 5.3.1), whereas soil mineral N (Nmin) extraction and/or analyses may likely be sent to an 
external lab. If this is the case, please note that depending on the methodology for soil Nmin, a sample 
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weight greater than 50 g may be needed. Please check with the laboratory performing the analyses to 
ensure that sample weight is sufficient. 
 

About 150 g for the second subaliquot (or 50 g for partners and treatments not involved in WP3), for all 
other analyses. Soil within the bag is sieved at 2 mm, and dried within the next 48 hours after collection. 
Dry soil samples can then be stored at ambient temperature in a dry environment and as such can be 
analysed later. 
 
The label for both bags needs to indicate the plot ID (site, treatment, block), the depth sampled (for 
instance 0-15 cm), and the sampling date (e.g. 22.06.2023). Please also note this information separately 
in your documentation to ensure that all data about soil sampling timing, depths and samples taken is 
recorded. 
 
Please note that the following sample weights for the various soil parameters are suggestions. If soil 
analyses are not done in-house, please check with the external laboratory performing the analyses to 
ensure that sample weight is sufficient! 
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5.2.2 Auger sampling and soil conditioning  
  

WP1 Priority   

WP2 Priority 1 

WP3 Priority 1 

WP4 Priority 1 

WP5 Priority   

Relevant to WPs 2, 3, 4 

General 
description 

The objective is to present a common sampling protocol for the soil analyses of 
all WPs (WP2, 3 and 4) so that all WPs can work on the same global sample, hence 
reducing the workload of the site managers and increasing the consistency of 
results between WPs. 

Specification Partners involved in WP3, for treatments 1, 2 and 4: 
Depths sampled: 0-15 cm, 15-30 cm, 30-60 cm and additional 60-90 cm 
All other partners and treatments:  
Depths sampled: 0-30 cm, 30-60 cm and additionally (later in the season) 60-90 
cm and for some partners from 90-120 cm if soils allow. 

Sampling times At sowing, during cereal tillering (BBCH 25-29), at cereal peak flowering (BBCH 65) 
and at harvest for all partners  

Sampling level Dependent on the soil parameter (e.g. CaCO3 analysis taken from composite 
sample per replicate block and soil depth after sowing). Other soil parameters 
such as soil Nmin should be performed on all selected treatments per replicate 
block and soil depth (e.g. WP2: 5 selected compulsory treatments per replicate 
block per soil depth (dependent on sampling time) =5 treatments x 4 replicate 
blocks x 2 soil depths at sowing = 40 samples). See individual protocols for details 
on selected parameter. 

Material needed On the field: Coloured stakes, helical soil auger (Edelmann type) of not less than 
7cm diameter and graduated at the layer thickness that will be sampled (with 
coloured tape for instance), measuring tape, knife, a bucket per soil depth 
sampled, hermetic labelled sampling bags, cooler box. 
In the laboratory: fridge, 2 mm sieve, containers for drying soil, ventilated oven 

Method In the field 
- Identify the 3 perspective auger sampling zones to be the most representative 
of the whole plot studied (see the diagram in Figure ). Set coloured stakes in the 
future sampling spots 
- For a given spot, clean the surface before augering (removing litter or vegetation 
so as not incorporate them into the sample) 
- Systematically remove the edges and auger tip with a knife, to avoid cross-
contamination between the layer sampled and to collect a constant volume of 
soil. 
- Empty the auger into a bucket for a given layer 
- Be careful to remove the soil that falls to the bottom of the auger hole when 
removing and reintroducing the auger 
- Once all three auger samplings are performed for a given layer, homogenize the 
content of the bucket, and two subaliquots should be made: one of about 100 g 
for soil mineral N and water content analyses (to be stored in a cooler and 
refrigerated immediately after arrival at laboratory), and another about 150 g (50 
g for samples not involved in WP3.1), to be sieved at 2mm and dried until further 
analyses. 
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Soil conditioning 
- The 100 g subaliquot for soil mineral N analysis and water content should either 
be stored in a fridge upon arrival at the laboratory if the analyses can be 
performed within the next 48 hours. For longer time between sampling and 
analyses, the samples should be frozen at a minimum of -20°C. The subaliquot is 
then analysed according to the protocols described in the sections 5.3.1 and 0.  
 

- The other 50 - 150 g subaliquot needs to be sieved at 2mm, allowing the 
removals of debris, stone and macgrofauna.  
- The sieved sample is then dried (either air-dried or in a ventilated oven) until 
constant mass is reached, with frequent stirring to homogenize the drying. The 
dried samples are then bagged again and stored at ambient temperature, in a dry 
environment, until further analyses. 
 
Please note that the following sample weights for the various soil parameters 
are suggestions. If soil analyses are not done in-house, please check with the 
external laboratory performing the analyses to ensure that sample weight is 
sufficient! 

Reporting Labelled soil samples and a data matrix with samples ID and sampling information 
(see database for input requirements) 

References AHDB protocol - Measuring soil nutrients, pH and organic matter 
(https://ahdb.org.uk/knowledge-library/measuring-soil-nutrients-ph-and-
organic-matter).  
Video available: https://www.youtube.com/watch?v=tKKVm4NhRXo  
Claudy Jolivet, Jose-Luis Almeida Falcon, Philippe Berché, Line Boulonne, Marie 
Fontaine, et al. (2022). French Soil Quality Monitoring Network Manual RMQS2: 
Second metropolitan campaign 2016–2027.2022, 2-7380-1451-8. 2022, 2-7380-
1451-8. 10.17180/KC64-NY88. hal-03823026. 
https://hal.inrae.fr/hal-03823026 

Author/s (for 
questions) 

PH, MS 

 
  

https://ahdb.org.uk/knowledge-library/measuring-soil-nutrients-ph-and-organic-matter
https://ahdb.org.uk/knowledge-library/measuring-soil-nutrients-ph-and-organic-matter
https://www.youtube.com/watch?v=tKKVm4NhRXo
https://hal.inrae.fr/hal-03823026


 
 
 

38 

 

5.2.3 Soil infiltrability  
 

WP1 Priority   

WP2 Priority  

WP3 Priority Priority 2 for WP 3.1 

WP4 Priority  

WP5 Priority   

Relevant to WPs WP 3 

General 
description 

A given volume of water is infiltrated on soil surface, over an area delimited by an 
infiltration cylinder. This volume is set at 1 cm rainfall with the Beerkan method 
adaptation of Thoumazeau et al. (2019). The infiltration time of this volume of 
water is measured, allowing for the deduction of soil infiltration rate as the ratio 
between the infiltrated volume (in cm) and the infiltration time (in hours). The 
operation is repeated until a constant rate is reached (same duration of infiltration 
with each addition of a same volume of water), which corresponds to the 
saturation of all the porosity of the soil. The infiltrability of the soil corresponds to 
the rate of infiltration at constant regime. 

Specification Field measurement, on soil surface 

Sampling times At sowing and at harvest 

Sampling level Per selected treatment (1, 2 and 4) and replicate block (4 blocks) at each sampling 
time (sowing and harvest) 

Material needed Plastic cylinder of 2ɲ0 cm, piece of wood, hammer, scissors, pierced plastic bag, 
stopwatch, several 33 cL plastic bottles marked at 31 cL (volume corresponding to 
1 cm water level in the cylinder), big filled water tanks (5-20 L buckets or canisters) 

Method In the field 
- Insert the plastic cylinder into the soil (around 1cm depth) with the hammer and 
the piece of wood 
- In the cylinder zone, remove any debris without pulling out plants so as not to 
influence soil porosity and cut the cover crops/weeds without removing the roots 
- Fill at least two bottles of 31 cL with water 
- Put a pierced plastic bag in the cylinder zone in order to avoid a “splash” effect 
when pouring the water 
- Pour one bottle in the cylinder and start the stopwatch 
- Note the time when the water volume is completely infiltrated 
- Pour the second bottle of water into the zone just after the 1st volume is totally 
infiltrated 
-Repeat this procedure until a constant rate for three readings is reached 
 
Should a constant rate for three readings within 30 minutes or 10 bottles of water 
not be achieved, then: 
The last infiltration duration measured (after 30 mins or 10 bottles of water) is 
then noted for this cylinder and will be used for the calculation of the soil 
infiltrability 
 
Soil infiltration rate calculation 

Soil infiltration rate (mm/h) = 
  ȢȢ

  
 

 
See Appendix 8.1 for more details. 
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Reporting Numeric – report as soil infiltrability (mm/h) 

References Thoumazeau, A., Bessou, C., Renevier, M.-S., Trap, J., Marichal, R., Mareschal, L., 
Decaëns, T., Bottinelli, N., Jaillard, B., Chevallier, T., Suvannang, N., Sajjaphan, K., 
Thaler, P., Gay, F., Brauman, A. (2019). Biofunctool®: a new framework to assess 
the impact of land management on soil quality. Part A: concept and validation of 
the set of indicators. Ecological Indicators 97, 100–110.  
https://doi.org/10.1016/j.ecolind.2018.09.023 

Author/s (for 
questions) 

AT, MS, PH 

 

5.2.4 Measurements on soil cube extraction  
 

This method, specific to partners and treatments involved in WP3.1, is divided in three main 
steps described below (Figure 4). Briefly, a soil cube of 25 cm x 25 cm x 25 cm is extracted carefully with 
a spade and laid on a plastic sheeting; two subsequent analyses are then performed on this soil cube: (i) 
a visual assessment of soil structure (VESS analysis), with the assistance of a notation grid, and (ii) 
macrofauna extraction from the block taken, by breaking the soil cube in small clods, and collecting all 
macrofauna into alcohol vials followed by counting in the laboratory. 
 

  
Figure 4: Timeline of the field analyses from soil cube extraction. 

a. Soil cube extraction and VESS analysis 
  

WP1 Priority   

WP2 Priority  

WP3 Priority 1 (WP3 Task 3.1) 

WP4 Priority  

WP5 Priority   

Relevant to WPs WP 3 

General 
description 

Soil structure assessment from the extraction of a soil block, removed at a spade 
depth, width and length (approximately 25 cm x 25 cm x 25 cm) and laid on a sheet 
on the ground. The overall depth of the soil block is measured and recorded (cm). 
The soil block is then pulled apart gently, like opening a book. Any obvious 
differential layers of soil structure are measure for depth and recorded (cm). Use 
the Visual Evaluation of Soil Structure (VESS) sheet to assess these layers. The 

https://doi.org/10.1016/j.ecolind.2018.09.023
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score given to any different layers are recorded next to the depth of the layer. The 
overall score is then calculated as the weighted mean of the score of each layer. 

Specification Field measurement, on a 25 cm x 25 cm x 25 cm soil cube from the topsoil 

Sampling times At sowing and at harvest 

Sampling level Per selected treatment (1, 2 and 4) and replicate block (4 blocks) at each sampling 
time (sowing and harvest) 

Material needed Spade, plastic sheet or tarpaulin, tape measure, VESS assessment sheet. 

Method See the VESS sheet in the collaborative platform under WP2/Protocol Handbook 
and the recording sheet in Appendix 8.2. 
- Select area of the plot 
- Push spade into the ground as far as possible, remove spade but not the soil, 
move to 45 degrees from the end of the slit and push spade into the soil again, 
repeat until a square of four slits is produced 
- Push spade back into the first slit and carefully remove/lift out the soil block using 
the spade 
- Slide the block of soil onto the plastic sheet 
- Measure the depth of the soil block and record depth (cm) 
- Carefully pull apart the soil block, like opening a book 
- Assess any differences in soil structure layer using the VESS sheet 
- Measure the depth (cm) and score any different layers, record on the sheet. 
- Take a photo of the soil block 
- Calculate the score for the whole block (1 to 5) using the equation related to the 
number of layers identified: 

VESS = 
   Ј  z  Ј    Ј  z  Ј   

   
 

Reporting Numeric – report as score for the block per treatment and replicate on a scale 
between 1 and 5. 

References AHDB - How to assess soil structure: https://ahdb.org.uk/knowledge-library/how-
to-assess-soil-structure 
Ball, B.C., T. Batey, and L.J. Munkholm. (2007). Field assessment of soil structural 
quality—a development of the Peerlkamp test. Soil Use and Management 23: 
329–337. 
Ball, B.C., R.M.L. Guimaraes, J.M. Cloy, P.R. Hargreaves, T.G. Shepherd, and B.M. 
McKenzie. (2016). Visual soil evaluation: A summary of some applications and 
possible future developments. Soil & Tillage Research 173: 114–124. 

Author/s (for 
questions) 

 PH, AT, MS 

 

  

https://ahdb.org.uk/knowledge-library/how-to-assess-soil-structure
https://ahdb.org.uk/knowledge-library/how-to-assess-soil-structure
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b. Macrofauna sampling and identification 
  

WP1 Priority   

WP2 Priority  

WP3 Priority 1 (WP3 Task 3.1) 

WP4 Priority  

WP5 Priority   

Relevant to WPs WP 3 

General 
description 

A method to assess the soil biology using earthworms as a proxy. This utilises the 
soil block extracted for the VESS assessment. Using the block of soil that was 
assessed for the soil structure (VESS) remove and identify any earthworms within 
the block. The size of the soil block removed is approx. a spade depth, a spade 
width and length (approximately 25 cm x 25 cm x 25 cm) and laid on a sheet on 
the ground. 
The macrofauna extracted are collected before being counted and identified in 
the laboratory. 

Specification Field measurement, on a 25 cm x 25 cm x 25 cm soil cube from the topsoil 

Sampling times At sowing and at harvest 

Sampling level Per selected treatment (1, 2 and 4) and replicate block (4 blocks) at each sampling 
time (sowing and harvest) 

Material needed Spade, plastic sheet or tarpaulin, 50 to 100 mL vials filled at half level with 95% 
alcohol. 

Method Further information (incl. Illustrations) can be found in Appendix 8.4 
 
In the field: 
Once the VESS analysis is complete, use the same soil block and follow these 
additional steps: 
- Break up the soil into small clods, and extract any macrofauna (earthworms, 
macroarthropods) found. 
- Place each individual into labelled vials filled with 95% alcohol: one vial for 
earthworms and one vial for macrofauna 
 
In the laboratory 
- Identify all the earthworms and macroarthropods into their respective functional 
groups, and record number. 
- Identify all the juvenile earthworms (Appendix 8.3) and record the number. 
 
Each group abundance is then assessed from the formula: 

Group abundance (ind. m-2) = 
   

  
 = 

   

Ȣ  
 

 

Reporting  Numeric – different group of macrofauna abundance (see database for input 
requirements) 

References AHDB Great Soils earthworms https://ahdb.org.uk/knowledge-library/soil-
macrofauna-earthworms.  
Jeffery, S., Gardi, C., Jones, A. (2010). European atlas of soil biodiversity. 
Publications Office of the European Union. https://op.europa.eu/en/publication-
detail/-/publication/7161b2a1-f862-4c90-9100-557a62ecb908 

https://ahdb.org.uk/knowledge-library/soil-macrofauna-earthworms
https://ahdb.org.uk/knowledge-library/soil-macrofauna-earthworms
https://op.europa.eu/en/publication-detail/-/publication/7161b2a1-f862-4c90-9100-557a62ecb908
https://op.europa.eu/en/publication-detail/-/publication/7161b2a1-f862-4c90-9100-557a62ecb908
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Schon, N.L., Fraser, P.M., MacKay, A.D. (2022). Earthworms for inclusion as an 
indicator of soil biological health in New Zealand pastures. New Zealand Journal 
of Agricultural Research. https://doi.org/10.1080/00288233.2022.2041676  

Author/s (for 
questions) 

 PH, MS 

 

5.2.5 Soil bulk density measurements  
 
Please note that soil bulk density can be measured directly either through the cylinder or through the 
excavation method. Partners are welcome to choose the method that is best suited to their site taking 
into account that the cylinder method is only possible at sites with little to no gravel and/or stones. 
 

a. The cylinder method (for soil depths up to 30cm) 
 

WP1 Priority   

WP2 Priority 1 

WP3 Priority 1 

WP4 Priority 1 

WP5 Priority   

Relevant to WPs WP2, WP3 and WP4 (to calculate soil C and N stocks and initiation of model STICS) 

General 
description 

Soil bulk density measurements is a method to assess soil apparent volumetric 
mass, which is useful to indicate soil compaction and to calculate soil C and N 
stocks. The cylinders method relies on standard steel bulk density rings of 100 to 
400 cm3. Method only possible for soils with little or no gravel.  

Specification For all WP2 partners: composite sample per replicate block (bulk density is 
measured separately three times per replicate block and an average per soil depth 
calculated). For partners in WP3, bulk density is measured per selected treatment 
(1, 2 and 4) per replicate block.  

Sampling times For WP2 partners, once between sowing and emergence.  
For WP 3.2. partners at each GHG measurement (between sowing and 
emergence, at cereal flowering and harvest) 

Sampling level WP2: Composite sample per replicate block (3 bulk density measurements taken 
per replicate plot) at the following depths 0-30 cm, 30-60 cm, 60-90 cm and 90-
120 cm (this last depth for partner sites that allow such depths).  
WP3.1 and 3.2: per selected treatment (1, 2 and 4) per replicate at the following 
depths 0-15 cm and 15-30 cm, 60-90 cm and 90-120 cm (this last depth for partner 
sites that allow such depths). 

Material needed On the field: Steel bulk density ring (100-400 cm3), sinking matrix, mallet, plates 
or trowel to lay the cylinders, spatula, knife, labelled sampling bags. 
In the laboratory:  a 10-3 to 10-4 g scale, a ventilated oven reaching 105°C, a 100 
cm3 container tolerant to 105°C, a desiccant 

Method In the field 
- Prepare and clean a horizontal surface near the border of the soil cube extraction 
pit (a pit dug to depth needed for extraction - in order to ease the removal of the 
cylinders from the various soil depths), using a trowel or scraper 
- Push in the cylinder vertically, using the sinking matrix and mallet, until the top 
of the cylinder levels soil surface 

https://doi.org/10.1080/00288233.2022.2041676
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- Gently remove the cylinder by removing soil around it from inside the soil 
excavation pit using a knife, trowel or spatula. Before removing the cylinder, set 
the spatula under the cylinder bottom to avoid any soil loss from the base of the 
cylinder.  
- Gently flatten the two ends of the cylinder with the knife, using a plate to place 
the cylinder 
- Empty the cylinder into the sampling bag, without losing any soil. Close the bag, 
and note the sample ID and depth taken. 
- Repeat the operation for the lower layers, working on the wall of the pit cut into 
steps 
Soil bulk density calculation 
- Transfer each sample bag into a labelled container, whose mass/weight is known 
- Dry the samples in a ventilated oven at 105°C until a constant mass is reached 
(after at least 48h, see the section 5.3.1 for more details) 
- Transfer the samples into a desiccant until they are cooled, then weigh the soil 
dry mass on the scale. 
 

Soil bulk density is then calculated as: 

Soil bulk density (g.cm-3) = 
           

   ȢȢ  
 

 

Reporting Numeric – report as mean soil bulk density (g cm-3) for each soil depth 

References ISO 11272:2017 https://www.iso.org/standard/68255.html 
Claudy Jolivet, Jose-Luis Almeida Falcon, Philippe Berché, Line Boulonne, Marie 
Fontaine, et al. (2022). French Soil Quality Monitoring Network Manual RMQS2: 
second metropolitan campaign, pg. 84-85. hal-03823026. https://hal.inrae.fr/hal-
03823026  

Author/s (for 
questions) 

MS, PH 

 

b. The excavation method 
  

WP1 Priority   

WP2 Priority 1 

WP3 Priority 1 

WP4 Priority 1 

WP5 Priority   

Relevant to WPs WP2, WP3 and WP4 (to calculate soil C and N stocks and initiation of model STICS) 

General 
description 

Soil bulk density measurements is a method to assess soil apparent volumetric 
mass, which is useful to indicate soil compaction and to calculate soil C and N 
stocks. The excavation methods allows for the assessment of soil bulk density on 
gravel or rocky soils, and on bigger soil layers. It is however less precise than the 
cylinder methods (described above). 

Specification For all WP2 partners: composite sample per replicate block (bulk density is 
measured separately three times per replicate block and an average per soil depth 
calculated). For partners in WP3, bulk density is also measured per selected 
treatment (1, 2 and 4) per replicate block.  

Sampling times For WP2 partners, once between sowing and emergence.  
For WP 3.2. partners at each GHG measurement (between sowing and 
emergence, at cereal flowering and harvest)  

https://www.iso.org/standard/68255.html
https://hal.inrae.fr/hal-03823026
https://hal.inrae.fr/hal-03823026
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Sampling level WP2: Composite sample per replicate block (3 bulk density measurements taken 
per replicate plot) at the following depths 0-30 cm, 30-60 cm, 60-90 cm and 90-
120 cm (this last depth for partner sites that allow such depths).  
WP3.1 and 3.2: per selected treatment (1, 2 and 4) per replicate at the following 
depths 0-15 cm and 15-30 cm, 30-60 cm, 60-90 cm and 90-120 cm (this last depth 
for partner sites that allow such depths). 

Material needed On the field: trowel, knife, brush, measuring tape, a short level (20 cm) to check 
the flatness of the prepared surface, an annular template of 10 cm internal 
diameter, nails for fixing the template, transparent, thin, strong, waterproof 
plastic bags, 500 mL measuring cylinder graduated in 5 mL increments, water 
canister (5 L), funnel, labelled sampling bags. 
 

In the laboratory:  a 10-3 to 10-4 g scale and a scale with a capacity to 3-5 kg, a 
ventilated oven reaching 105°C, a 100 cm3 container tolerant to 105°C, a desiccant 

Method In the field 
- Prepare a horizontal surface near the border of the soil cube extraction pit, using 
a trowel or scraper. Check the flatness of the surface by using the level. 
- Place the template on the floor and secure it with nails. Check the flatness with 
the level. 
- Dig a cavity within the required soil depth (e.g. if a soil depth of 0-30cm is 
required the cavity can be dug to represent this depth from 5-25cm), collecting all 
the extracted soil into a labelled sample bag, without losing any soil (use the brush 
to collect any losses that have fallen onto the template and any small aggregates 
remaining at the bottom of the cavity). The diameter of the cavity should 
correspond to the template; The shape of the cavity is not important, but its edges 
should be as regular as possible: avoid indentations and outcrops of sharp or 
pointed rock fragments that could puncture the bag used to measure the cavity 
volume. Close the sampling bag, note the sample ID and its depth (0-15 cm layer).  
- Place the plastic bag in the cavity and press it against the walls. Fill the bag with 
water using the measuring cylinder until the surface level is reached. Ensure that 
the plastic bag adheres well to the walls of the cavity by correcting the adhesion 
with the spoon as you fill it. The volume of soil removed corresponds to the total 
volume of water poured into the cavity. Record the measured volume on the 
sampling bag and note it on the experimental sheet. 
- Check the top and bottom depth of the pit, and record it on the sampling bag 
and the experimental sheet. 
- Repeat this procedure to all required depths, making sure that all extracted soil 
from each depth is filled in a separate sample bad and labelled accordingly. 
Volume for each subsequent cavity (for each soil depth) must also be recorded (as 
described above). 
 
In the laboratory 
- Sieve the total soil mass sampled at 2 mm, while being careful not to lose any 
soil, separate the stones fraction (which did not pass through the 2 mm sieve) 
from the fine soil fraction (< 2 mm). 
- Wash the stones with water, then dry the two fractions in a ventilated oven at 
105°C until a constant mass is reached (for at least 48h, see the section 5.3.1 for 
more details). Weigh the dry mass of the two fractions. 
- Measure average stone density by measuring the weight and volume of a subset 
of several stones. Stone volume can be deduced by immersing stones in a 
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measuring container, and noting the volume difference before and after 
immersion.  
 
Soil bulk density calculation 
Soil bulk density is then calculated as: 
Soil bulk density fine soil (g .cm-3) =  
 

      

      
  

  Ȣ

                  

 

Where stone density is estimated from the subset immersed in the measuring 
container as: 

Stones density (g .cm-3) =  
  

        
 

 

See Appendix 8.3 for more details. 

Reporting Numeric – report as soil bulk density (g cm-3) 

References ISO 11272:2017 https://www.iso.org/standard/68255.html 
Claudy Jolivet, Jose-Luis Almeida Falcon, Philippe Berché, Line Boulonne, Marie 
Fontaine, et al. (2022). French Soil Quality Monitoring Network Manual RMQS2: 
second metropolitan campaign. hal-03823026. https://hal.inrae.fr/hal-03823026 
Siegwart, L., Jourdan, C., Piton, G., Sugihara, S., Van den Meersche, K., Bertrand, I. 
(2023). Root distribution and properties of a young alley-cropping system: effects 
on soil carbon storage and microbial activity. Plant Soil 482, 601–625. 
https://doi.org/10.1007/s11104-022-05714-9 

Author/s (for 
questions) 

MS, PH 

 

5.3 Soil laboratory analyses 

5.3.1 Soil water/moisture content 
  

WP1 Priority   

WP2 Priority 1 

WP3 Priority 1 

WP4 Priority 1 

WP5 Priority   

Relevant to WPs 2, 3, 4 

General 
description 

Soil water content affects the moisture and amount of nutrients available to 
plants and soil aeration status, which strongly influence root growth as well as 
plant functioning. Soil water content can be measured on a mass or volume basis. 
Gravimetric soil water content is the mass of water in the soil, measured as the 
difference between the moist soil and the soil dried at 105°C, known as the oven-
dry weight. Note that gravimetric soil water content is expressed per unit mass of 
oven-dried soil. 

Specification On fresh (have been kept refrigerated not longer than 48 hours)/frozen soil 
samples. 
Partners involved in WP2: samples taken from selected treatments 1-5 per 
replicate block. For partners involved in WP3, the selected treatments 1, 2 and 4 
are already included in the treatments 1-5 above, however, please note 
differential soil depth for the first 0-30 cm soil depth described by sampling level.  

https://www.iso.org/standard/68255.html
https://hal.inrae.fr/hal-03823026
https://doi.org/10.1007/s11104-022-05714-9
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At monthly intervals, partners involved in WP3.2 will additionally take soil samples 
(0-15 cm) from each block for the determination of gravimetric soil moisture. In 
addition, soil moisture content (preferably 0-15 cm) will be measured for each 
plot at each GHG emission reading. 

Sampling times i) Between sowing and plant emergence and during the biomass cuts performed 
ii) before stem elongation (cereal BBCH 25-27), iii) at peak flowering (cereal/maize 
BBCH 65) and iv) at harvest (cereal/maize BBCH 85-95) (see 6.2.7 and 6.4.1 for 
biomass cut protocols). Soil Nmin (see 0) should also be sampled at the same time 
as soil water moisture.  

Sampling level For partners involved in WP2, soil samples of the selected treatments 1-5 will be 
taken from the soil depths 0-30 cm and 30-60 cm during the i) and ii) sampling 
times (see section on sampling times) and at the soil depths 0-30 cm, 30-60 cm, 
60-90 cm and 90-120 cm for the iii) and iv) sampling times later in the season. 
Please note the deepest depth of 90-120 cm may not be possible at all partner 
sites due to shallower soils. For partners also involved in WP3, the soil depths and 
sampling timing remain the same as for WP2, however, the first soil depth 0-30 
cm is divided into two depths of 0-15 cm and 15-30 cm for the selected treatments 
1, 2 and 4. 

Method See section 5.2.2 on soil augering with regards to the sample weight (subaliquot) 
and methodology for soil water content. Ensure that each soil layer per treatment 
plot and/or replicate block is kept separately, is well-labelled and preferably 
stored in a plastic bag to ensure minimum water loss through drying. Fresh soil 
samples should be processed as soon as possible, preferably within 48 hours of 
sampling if stored in a refrigerator (otherwise samples should be frozen at a 
minimum of -20°C).  
Fresh samples are weighed before drying in an oven at 105°C for 48 hours, after 
which the constant weight of the dried soil sample is taken.  
The soil moisture content is expressed as gravimetric soil water content (%) =  
[mass of moist soil (g) − mass of oven-dried soil (g)]/[mass of oven-dried soil (g)] × 
100.  

Reporting Numeric – report as gravimetric soil water content (%). 

References International Organization for Standardization. (1993). Soil quality — 
Determination of dry matter and water content on a mass basis – Gravimetric 
method.  (ISO Standard No. 11465:1993). 
https://www.iso.org/standard/20886.html 
https://www.sciencedirect.com/topics/agricultural-and-biological-
sciences/soil-water-content  

Author/s (for 
questions) 

OW, MS 

  

https://www.iso.org/standard/20886.html
https://www.sciencedirect.com/topics/agricultural-and-biological-sciences/soil-water-content
https://www.sciencedirect.com/topics/agricultural-and-biological-sciences/soil-water-content
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5.3.2 Soil mineral N content (ammonium and nitrate) 
 

 WP1 Priority   

WP2 Priority 1 

WP3 Priority 1 

WP4 Priority 1 

WP5 Priority   

Relevant to WPs 2, 3, 4 

General 
description 

Soil mineral N content is important for the growth and quality of all crop species 
and in the framework of the field experiments can also be used as an explanatory 
variable to describe growth performance of intercrops. Additionally, these 
measurements will be used for the modelling in WP4. Soil Nmin includes the 
measurement of both nitrate (NO3) and ammonium (NH4) as nitrogen sources. 

Specification On fresh (have been kept refrigerated not longer than 48 hours)/frozen soil 
samples. 
Partners involved in WP2: samples taken from selected treatments 1-5 per 
replicate block. For partners involved in WP3, the selected treatments 1, 2 and 4 
are already included in the treatments 1-5 above, however, please note 
differential soil depth for the first 0-30cm soil depth described by sampling level. 
Partners involved in WP3.2 will also take soil mineral N measurements at 0-15 cm 
monthly for each plot. 

Sampling times i) Between sowing and plant emergence, ii) after the winter (for winter crops), as 
well as during the biomass cuts performed iii) before stem elongation (cereal 
BBCH 25-27), iv) at peak flowering (cereal/maize BBCH 65) and v) at harvest 
(cereal/maize BBCH 85-95) (see 6.2.7 and 6.4.1 for biomass cut protocols). Soil 
water content (see 5.3.1) should also be sampled at the same time as soil Nmin. 

Sampling level For partners involved in WP2, soil samples of the selected treatments 1-5 will be 
taken from the soil depths 0-30 cm and 30-60 cm during the i), ii) and iii) sampling 
times (see section on sampling times) and at the soil depths 0-30 cm, 30-60 cm, 
60-90 cm and 90-120 cm for the iv) and v) sampling times later in the season. 
Please note the deepest depth of 90-120 cm may not be possible at all partner 
sites due to shallower soils. For partners also involved in WP3, the soil depths and 
sampling timing remain the same as for WP2, however, the first soil depth 0-30 
cm is divided into two depths of 0-15 cm and 15-30 cm for the selected treatments 
1, 2 and 4.  

Method  See section 5.2.2 on soil augering with regards to the sample weight (subaliquot) 
and methodology for soil Nmin. Ensure that each soil layer per treatment plot 
and/or replicate block is kept separately, is well-labelled and preferably stored in 
a plastic bag to ensure minimum water loss through drying. Fresh soil samples 
should be processed as soon as possible, preferably within 48 hours of sampling 
if stored in a refrigerator otherwise frozen at a minimum of -20°C. Please ask the 
laboratories doing the Nmin analysis to provide both nitrate and ammonium for 
each sample (ISO Standard No. 14256:2005) 

Reporting Numeric – report as total amount nitrate and ammonium (kg/ha) for each soil 
depth, as well as total Nmin (kg/ha) for each soil depth (NO3 + NH4) 

References International Organization for Standardization. (2005). Soil quality — 
Determination of nitrate, nitrite and ammonium in field-moist soils by extraction 
with potassium chloride solution.  (ISO Standard No. 14256:2005). 
https://www.iso.org/standard/32399.html 

https://www.iso.org/standard/32399.html
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Author/s (for 
questions) 

 OW, MS 

5.3.3 Soil texture (5 fractions) 
  

WP1 Priority   

WP2 Priority 1 

WP3 Priority 1 

WP4 Priority 1 

WP5 Priority   

Relevant to WPs 2, 3, 4 

General 
description 

Soil texture is a crucial information to get from all sites, as it strongly influences 
soil physical, chemical and biological properties.  

Specification On dried soils, sieved at 2 mm 
For all WP2 partners: composite sample per replicate block (soil texture samples 
are taken separately three times per replicate block and these samples mixed 
together per sampling depth and replicate block). For partners in WP3, soil texture 
samples are taken per selected treatment (1, 2 and 4) per replicate block. 

Sampling times Once at start of experiment (between sowing and emergence) for all partners 

Sampling level WP2: Composite sample per replicate block (3 separate samples taken per 
replicate plot - same as bulk density sampling see 0) at the following depths: 0-30 
cm, 30-60 cm, 60-90 cm and 90-120 cm (this last depth for partner sites that allow 
such depths).  
WP3.1 and 3.2: per selected treatment (1, 2 and 4) per replicate at the following 
depths 0-15 cm and 15-30 cm, 30-60 cm, 60-90 cm and 90-120 cm (this last soil 
depth may only be possible at selected sites). 
Sample identity 
10-30g of the following dried subaliquot collected in the section 5.2.2: 
- All samples/treatments mixed together per soil depth and replicate block. 
Number of samples to analyse: 12/16 or 20 samples: 
Four replicate blocks x three/four/five soil depths (0-30 cm (or 0-15 cm + 15-30 
cm), 30-60 cm, 60-90 cm and 90-120 cm), for one sampling date: 4 x 3(or 4 or 5) x 
1 = 12/16 or 20 samples. 

Method Ensure that the laboratory contracted follows the ISO 11277:2020 norm for 
texture analysis 

Reporting Numeric – report as coarse sand, fine sand, coarse silt, fine silt and clay relative 
proportion (%) 

References International Organization for Standardization. (2020). Soil quality — 
Determination of particle size distribution in mineral soil material — Method by 
sieving and sedimentation.  (ISO Standard No. 11277:2020). 
https://www.iso.org/standard/69496.html 
AFNOR NF X31-107. (2003). Qualité du sol – Détermination de la distribution 
granulométrique de particules du sol – Méthode à la pipette. 
https://www.boutique.afnor.org/fr-fr/norme/nf-x31107/qualite-du-sol-
determination-de-la-distribution-granulometrique-des-particu/fa124875/21997 

Author/s (for 
questions) 

 MS, PH, OW 

https://www.iso.org/standard/69496.html
https://www.boutique.afnor.org/fr-fr/norme/nf-x31107/qualite-du-sol-determination-de-la-distribution-granulometrique-des-particu/fa124875/21997
https://www.boutique.afnor.org/fr-fr/norme/nf-x31107/qualite-du-sol-determination-de-la-distribution-granulometrique-des-particu/fa124875/21997
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5.3.4 CaCO3 content 
  

WP1 Priority   

WP2 Priority 1 

WP3 Priority 3 

WP4 Priority 1 

WP5 Priority   

Relevant to WPs 2, 3, 4 

General 
description 

Calcium carbonate (CaCO3) is the main component of soil carbonate and an 
important inorganic form of soil carbon. CaCO3 has a significant influence on a 
series of physical, chemical, and biological properties of soil. 

Specification On dried soils. 
For all partners: composite sample per replicate block (CaCO3 samples are taken 
separately three times per replicate block and these samples mixed together per 
sampling depth and replicate block). For partners involved in WP3, please note 
differential soil depth for the first 0-30 cm soil depth described by sampling level. 

Sampling times Once at start of experiment (between sowing and emergence) 

Sampling level WP2: Composite sample per replicate block (3 separate samples taken per 
replicate plot - same as bulk density sampling see 0) at the following depth: 0-30 
cm.  
WP3.1 and 3.2: per selected treatment (1, 2 and 4) per replicate at the following 
depths 0-15 cm and 15-30 cm. 
Sample identity 
5-10 g of the following dried subaliquot collected in the section 5.2.2: 
- All samples/treatments mixed together per sampling depth and replicate block. 
Number of samples to analyse: 
Four replicate blocks x one/two soil depths (0-30 cm (or 0-15 cm + 15-30 cm)), for 
one sampling date: 4 x 1(or 2) x 1 = 4/8 samples. 

Method Ensure that the laboratory contracted follows the ISO 10693:1995 norm for CaCO3 
analysis 

Reporting Numeric – report as CaCO3 content (g. kg-1) 

References International Organization for Standardization. (1995). Soil quality — 
Determination of carbonate content – Volumetric method.  (ISO Standard No. 
10693:1995). https://www.iso.org/standard/18781.html 

Author/s (for 
questions) 

 MS 

5.3.5 Soil organic C and N content 
 

WP1 Priority   

WP2 Priority 1 

WP3 Priority 1 

WP4 Priority 1 

WP5 Priority   

Relevant to WPs 2, 3, 4 

General 
description 

Important for the calculation of soil organic carbon (SOC) and total nitrogen 
stocks. 

Specification On dried soils. 

https://www.iso.org/standard/18781.html
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For all WP2 partners: composite sample per replicate block (soil organic C and N 
content samples are taken separately three times per replicate block and these 
samples mixed together per sampling depth and replicate block). For partners in 
WP3, soil organic C and N content samples are taken per selected treatment (1, 2 
and 4) per replicate block. 

Sampling times Once at start of experiment (between sowing and emergence) for all partners 

Sampling level WP2: Composite sample per replicate block (3 separate samples taken per 
replicate plot - same as bulk density sampling see 0) at the following depths: 0-30 
cm and 30-60 cm.  
WP3.1 and 3.2: per selected treatment (1, 2 and 4) per replicate at the following 
depths 0-15cm and 15-30cm and 30-60cm. 
Sample identity 
10-30 g of the following dried subaliquot collected in the section 5.2.2: 
- All samples/treatments mixed together per soil depth and replicate block. 
Number of samples to analyse: 
Four replicate blocks x two/three soil depths (0-30 cm (or 0-15 cm + 15-30 cm) 
and 30-60 cm), for one sampling date: 4 x 2(or 3) x 1 = 8/12 samples. 

Method Ensure that the laboratory contracted follows the ISO 10694:1995 and 
13878:1998 norms for organic C and N analyses. The analyses are performed on 
milled soils. 

Reporting Numeric – report as organic C and N content (g. kg-1) 

References International Organization for Standardization. (1995). Soil quality — 
Determination of organic and total carbon after dry combustion (elementary 
analysis).  (ISO Standard No. 10694:1995). 
https://www.iso.org/standard/18782.html 
International Organization for Standardization. (1998). Soil quality — 
Determination of total nitrogen after dry combustion (elementary analysis).  (ISO 
Standard No. 13878:1998). https://www.iso.org/standard/23117.html 

Author/s (for 
questions) 

 MS 

5.3.6 Soil pH 
 

WP1 Priority   

WP2 Priority 2 

WP3 Priority 1 

WP4 Priority 1 

WP5 Priority   

Relevant to WPs 2, 3, 4 

General 
description 

Soil pH is a measure of the acidity or basicity (alkalinity) of a soil. Soil pH is 
considered a master variable in soils as it affects many chemical processes. It 
specifically affects plant nutrient availability by controlling the chemical forms of 
the different nutrients and influencing the chemical reactions they undergo. 

Specification On dried soils. 
For all WP2 partners: composite sample per replicate block (soil samples for pH 
are taken separately three times per replicate block and these samples mixed 
together per sampling depth and replicate block). For partners in WP3.1, soil pH 
is measured per selected treatment (1, 2 and 4) per replicate block. 

https://www.iso.org/standard/18782.html
https://www.iso.org/standard/23117.html
https://en.wikipedia.org/wiki/Acidity
https://en.wikipedia.org/wiki/Basicity
https://en.wikipedia.org/wiki/Soil
https://en.wikipedia.org/wiki/Plant_nutrition
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Sampling times Once at start of experiment (between sowing and emergence) for WP2 partners. 
WP3.1 partners will additionally measure at harvest. 

Sampling level WP2 and WP3.2: Composite sample per replicate block (3 separate samples taken 
per replicate plot - same as bulk density sampling see 0) at the following depth: 
0-30 cm.  
WP3.1 and 3.2: per selected treatment (1, 2 and 4) per replicate at the following 
depths 0-15 cm and 15-30 cm. Only WP3.1 will additionally sample at harvest to 
a depth of 0-15 cm. 
Sample identity 
10-30g of the following dried subaliquot collected in the section 5.2.2: 

¶ For WP2, all samples mixed together per soil depth and replicate block. 

¶ For WP3.1, samples per treatment analysed separately per soil depth 
and replicate block 

Number of samples to analyse:  

¶ WP2 + WP3.2: Four replicate blocks x one soil depth (0-30 cm), for one 
sampling date: 4 x 1 x 1 = 4 samples. 

¶ WP3.1: Three treatments (1, 2 and 4) x four replicates x one soil depth 
(0-15 cm) x two sampling date: 3 x 4 x 1 x 2 = 24 samples. 

Method Ensure that the laboratory contracted follows the ISO 10390:2021 norm for pH 
(H2O) analyses. 

Reporting Numeric – report as pH (H2O) (unitless) 

References International Organization for Standardization. (2021). Soil, treated biowaste and 
sludge — Determination of pH.  (ISO Standard No. 10390:2021). 
https://www.iso.org/standard/75243.html 

Author/s (for 
questions) 

 MS 

5.3.7 Soil CEC 
 

 WP1 Priority   

WP2 Priority 2 

WP3 Priority 1 

WP4 Priority 1 

WP5 Priority   

Relevant to WPs 2, 3, 4 

General 
description 

Cation-exchange capacity (CEC) is a measure of how many cations can be retained 
on soil particle surfaces. CEC affects many aspects of soil chemistry, and is used 
as a measure of soil fertility, as it indicates the capacity of the soil to retain several 
nutrients (e.g. K+, NH4

+, Ca2+) in plant-available form. 

Specification On dried soils. 
For all WP2 partners: composite sample per replicate block (soil CEC samples are 
taken separately three times per replicate block and these samples mixed 
together per sampling depth and replicate block). For partners in WP3, soil CEC is 
taken per selected treatment (1, 2 and 4) per replicate block. 

Sampling times Once at start of experiment (between sowing and emergence) for all partners 

Sampling level WP2: Composite sample per replicate block (3 separate samples taken per 
replicate plot - same as bulk density sampling see 0) at the following depth: 0-30 
cm.  

https://www.iso.org/standard/75243.html
https://en.wikipedia.org/wiki/Cation
https://en.wikipedia.org/wiki/Soil_fertility
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WP3.1 and 3.2: per selected treatment (1, 2 and 4) per replicate at the following 
depths 0-15 cm and 15-30 cm. 
Sample identity 
10-30 g of the following dried subaliquot collected in the section 5.2.2: 
- All samples/treatments mixed together per soil depth and replicate block. 
Number of samples to analyse:  
Four replicate blocks x one/two soil depths (0-30 cm (or 0-15 cm + 15-30 cm), for 
one sampling date: 4 x 1(or 2) x 1 = 4/8 samples. 

Method Ensure that the laboratory contracted follows the ISO 23470:2018 norm for CEC 
analyses. 

Reporting Numeric – report as CEC (cmolc kg-1) 

References International Organization for Standardization. (2018). Soil quality — 
Determination of effective cation exchange capacity (CEC) and exchangeable 
cations using a hexamminecobalt (III) chloride solution.  (ISO Standard No. 
23470:2018). https://www.iso.org/standard/68765.html 

Author/s (for 
questions) 

 MS 

5.3.8 Soil Olsen P  
 

WP1 Priority   

WP2 Priority 1 

WP3 Priority 1 

WP4 Priority 1 

WP5 Priority   

Relevant to WPs 2, 3, 4 

General 
description 

Phosphorus is the second most important crop nutrient after nitrogen. It is an 
essential macronutrient that plays important role in all crop biochemical 
processes such as photosynthesis, respiration, energy storage, transfer, cell 
division, cell enlargement and nitrogen fixation. It is also important in seed 
germination, seedling establishment, root, shoot, flower and seed development. 

Specification On dried soils. 
For all WP2 partners: composite sample per replicate block (soil P samples are 
taken separately three times per replicate block and these samples mixed 
together per sampling depth and replicate block). For partners in WP3, samples 
for soil P are taken per selected treatment (1, 2 and 4) per replicate block. 
 

Sampling times Once at start of experiment (between sowing and emergence) for WP2 partners. 
WP3.1 partners will additionally measure at harvest.  

Sampling level WP2: Composite sample per replicate block (3 separate samples taken per 
replicate plot - same as bulk density sampling see 0) at the following depth: 0-30 
cm.  
WP3.1: per selected treatment (1, 2 and 4) per replicate at the following depth 0-
15 cm at both sowing and harvest. 
Sample identity 
10-30 g of the following dried subaliquot collected in the section 5.2.2: 

¶ For WP2, all samples mixed together per soil depth and replicate block. 

¶ For WP3.1, samples per treatment analysed separately per soil depth 
and replicate block 

Number of samples to analyse:  

https://www.iso.org/standard/68765.html
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¶ WP2: Four replicate blocks x one soil depth (0-30 cm), for one sampling 
date: 4 x 1 x 1 = 4 samples. 

¶ WP3.1: Three treatments (1, 2 and 4) x four replicates x one soil depth 
(0-15 cm) x two sampling date: 3 x 4 x 1 x 2 = 24 samples. 

Method Extraction with a solution of sodium bicarbonate (NaHCO3) (concentration 0.5 M, 
pH of 8.5) with a soil mass: NaHCO3 volume ratio of 1:20 
Shake the soil & NaHCO3 mixes for 30 min, then centrifugate at 10,000 rpm for 5 
minutes at 4°C 
The supernatant obtained is then taken to be analysed by colorimetry with the 
malachite green method. 

Reporting Numeric – report as soil Olsen P (mg. kg-1) 

References Olsen, S.R. (1954). Estimation of available phosphorus in soils by extraction with 
sodium bicarbonate. Washington, D.C.: U.S. Dept. of Agriculture. 
https://archive.org/details/estimationofavai939olse/page/n1/mode/2up 
Rao, A.S., Reddy, K.S., Takkar, P.N. (1997). Malachite green method compared to 
ascorbic acid for estimating small amounts of phosphorus in water, 0.01 M 
calcium chloride, and Olsen soil extracts. Communications in Soil Science and Plant 
Analysis 28, 589–601. https://doi.org/10.1080/00103629709369813 

Author/s (for 
questions) 

 MS 

5.3.9 Soil available K and Mg 
 

WP1 Priority   

WP2 Priority 1 

WP3 Priority 1 

WP4 Priority 1 

WP5 Priority   

Relevant to WPs 2, 3, 4 

General 
description 

Potassium (K) is one of the main plant nutrients for healthy growth. The plants or 
crops need this to be available in the soil for uptake. A measure of the available K 
is essential for the coordination of fertiliser applications if there is insufficient K 
for sustained plant growth. Potassium in needed by plants to support crucial 
enzyme production, as well as for the transport of sugars. The analysis of K in 
usually part of the three main soil nutrient that are analysed in soil samples (along 
with N and phosphorous (P)). 
Magnesium is one of the main secondary nutrients needed for successful crop 
growth, after the primary nutrients of N, P and K. The plants generally take Mg up 
in ionic form as Mg2+, it is used in the plant to activate enzymes and in the 
formation of chlorophyll. 

Specification On dried soils. 
For all WP2 partners: composite sample per replicate block (soil samples are taken 
separately three times per replicate block and these samples mixed together per 
sampling depth and replicate block). For partners in WP3, soil samples are taken 
per selected treatment (1, 2 and 4) per replicate block. 

Sampling times Once at start of experiment (between sowing and emergence) for WP2 partners. 
WP3.1 partners will additionally measure at harvest. 

https://archive.org/details/estimationofavai939olse/page/n1/mode/2up
https://doi.org/10.1080/00103629709369813
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Sampling level WP2: Composite sample per replicate block (3 separate samples taken per 
replicate plot - same as bulk density sampling see 0) at the following depth: 0-30 
cm.  
WP3.1: per selected treatment (1, 2 and 4) per replicate at the following depth 0-
15 cm at both sowing and harvest. 
Sample identity 
10-30 g of the following dried subaliquot collected in the section 5.2.2: 

¶ For WP2, all samples mixed together per soil depth and replicate block. 

¶ For WP3.1, samples per treatment analysed separately per soil depth 
and replicate block 

Number of samples to analyse:  

¶ WP2: Four replicate blocks x one soil depth (0-30 cm), for one sampling 
date: 4 x 1 x 1 = 4 samples. 

¶ WP3.1: Three treatments (1, 2 and 4) x four replicates x one soil depth 
(0-15 cm) x two sampling date: 3 x 4 x 1 x 2 = 24 samples. 

Method Analysis of potassium (K) and magnesium (Mg) 
A sample of air-dried soil is extracted with ammonium acetate, where the 
ammonium ions (buffered at pH 7) will displace the ions of K+ and Mg2+.  
Analytical laboratories will perform these analyses as a standard set of soil/crop 
analysis on soil samples submitted (based on ISO 13528:20154). 
The results will relate to the crop grown and the availability of K and Mg in the 
soil sample, recommendations for different countries are available to calculate 
the amounts of K and Mg needed to be applied for different crops. 

Reporting  Numeric – reported as mg/l for both K and Mg. 

References Potash Development Association (2011). Soil analysis: key to nutrient 
management planning. https://www.pda.org.uk/pda_leaflets/24-soil-analysis-
key-to-nutrient-management-planning/ 
Zörb, C., Senbayram, M., Peiter, E. (2014). Potassium in agriculture – Status and 
perspectives. Journal of Plant Physiology, 171, 656-669. 

Author/s (for 
questions) 

 PH 

5.3.10  Soil POXC  
  

WP1 Priority   

WP2 Priority  

WP3 Priority WP 3.1 

WP4 Priority  

WP5 Priority   

Relevant to WPs WP3 

General 
description 

Active carbon, also known as permanganate-oxidizable carbon (POXC), is a 
sensitive tool for measuring soil carbon change. This portion of soil organic matter 
is actively involved in nutrient cycling and changes more quickly when cropping 
systems are changed (e.g. reduced tillage, diversified crop rotation, cover crop 
inclusion). Active carbon is a quick, repeatable soil test that measures the easily 
oxidizable, biologically active carbon fraction. 

Specification On dried soils. 
For partners in WP3, soil samples are taken per selected treatment (1, 2 and 4) 
per replicate block. 

https://www.pda.org.uk/pda_leaflets/24-soil-analysis-key-to-nutrient-management-planning/
https://www.pda.org.uk/pda_leaflets/24-soil-analysis-key-to-nutrient-management-planning/
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Sampling times Between sowing and emergence and at harvest 

Sampling level WP3.1: per selected treatment (1, 2 and 4) per replicate at the following depth 0-
15 cm at both sowing and harvest. 
Sample identity 
5-10 g of the following dried subaliquot collected in the section 5.2.2: 
- From three treatments: 1, 2 and 4 
- Replicated in the four blocks: block 1 to 4 
- For the 0-15 cm depth 
- At two dates per crop: at sowing & harvest 
Number of samples to analyse: 24 per cropping cycle 
three treatments x four blocks x one depth (0-15 cm) x two sampling dates: 3 x 4 
x 1 x 2 = 24 samples per crop 

Method Extraction with a solution of Potassium permanganate KMnO4 at 0.02M with a soil 
mass: KMnO4 volume ratio of 1:8 
Shake the soil & KMnO4 mixture for 2 min, then let the slurry settle for exactly 10 
minutes. 
Sample the supernatant, dilute it 100-fold with distilled water, then analyse it with 
a spectrophotometer set to measure the absorbance at 550 nm. 

Reporting Numeric – report as soil POXC (mg. kg-1) 

References Culman, S.W., Snapp, S.S., Freeman, M.A., Schipanski, M.E., Beniston, J., Lal, R., 
Drinkwater, L.E., Franzluebbers, A.J., Glover, J.D., Grandy, A.S., Lee, J., Six, J., Maul, 
J.E., Mirksy, S.B., Spargo, J.T., Wander, M.M. (2012). Permanganate oxidizable 
carbon reflects a processed soil fraction that is sensitive to management. Soil 
Science Society of America Journal 76, 494–504. 
https://doi.org/10.2136/sssaj2011.0286 
Weil, R.R., Islam, I.R., Stine, M.A., Gruver, J.B., Samson-Liebig, S.E. (2003). 
Estimating active carbon for soil quality assessment: a simplified method for 
laboratory and field use. American Journal of Alternative Agriculture 3–17. 

Author/s (for 
questions) 

 AT, MS 

  
  

https://doi.org/10.2136/sssaj2011.0286
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6. Plant assessment protocols 

6.1 Phenology 

6.1.1 Growth stages 
 

WP1 Priority 2 

WP2 Priority 1 

WP3 Priority  1 

WP4 Priority 1 

WP5 Priority - 

WP6 Priority - 

Relevant to WPs 1, 2, 3, 4 

General 
description 

The growth stage of plants is important for assessing their phenological development 
and the relative timing of other measurements 

Type Phenology 

Plant species All (species specific for each crop) 

Sampling level All treatments per replicate block 

Scale Plot 

Method The growth stage for each plant species should be recorded at each assessment date. 
The BBCH growth stages are specific for each crop species (see Appendix 8.5). The 
following table shows the principal growth stages according to the extended BBCH scale 
(Meier, 2001): https://www.julius-kuehn.de/publikationsreihen-des-jki/bbch-skala/ 

  
Crop growth stages should be recorded at least at the level of these principal growth 
stages (0-9), and preferably to code level (see Appendix 8.5). A monograph helping with 
determination of BBCH stages for all crop cultures is available in a number of languages 
on the following website (as of March, 2023):  
https://www.julius-kuehn.de/en/jki-publication-series/bbch-scale/   

06 

https://www.julius-kuehn.de/publikationsreihen-des-jki/bbch-skala/
https://www.julius-kuehn.de/en/jki-publication-series/bbch-scale/
https://www.julius-kuehn.de/en/jki-publication-series/bbch-scale/
https://www.julius-kuehn.de/en/jki-publication-series/bbch-scale/
https://www.julius-kuehn.de/en/jki-publication-series/bbch-scale/
https://www.julius-kuehn.de/en/jki-publication-series/bbch-scale/
https://www.julius-kuehn.de/en/jki-publication-series/bbch-scale/
https://www.julius-kuehn.de/en/jki-publication-series/bbch-scale/
https://www.julius-kuehn.de/en/jki-publication-series/bbch-scale/
https://www.julius-kuehn.de/en/jki-publication-series/bbch-scale/
https://www.julius-kuehn.de/en/jki-publication-series/bbch-scale/
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A smartphone app has been developed to help with determining the correct growth 
stages of major crops and weeds. It is freely available (in German) on the following 
website (as of November 1, 2020):  
https://apps.agrar.bayer.de/  

Timing At each assessment (non-destructive measurements as well as destructive samplings) for 
both crop species per plot and replicate 

Reporting Integer (between 0-99). The average growth stage of each species in each plot and 
treatment is reported. 

References Meier, U. (2001). Growth Stages of mono- and dicotyledonous plants. BBCH 
Monograph, 2nd edition, published by the Federal Biological Research Centre for 
Agriculture and Forestry, Berlin and Braunschweig;  
Lancashire et al. (1991). A uniform decimal code for growth stages of crops and weeds. 
Annals of Applied Biology, 119:3. https://doi.org/10.1111/j.1744-7348.1991.tb04895.x 

Author/s (for 
questions) 

CS, OW 

 

6.1.2 Date of heading (for cereals) 
 

WP1 Priority 2 

WP2 Priority 2 

WP3 Priority  

WP4 Priority 1 

WP5 Priority  

WP6 Priority  

Relevant to WPs 1, 2, 4 

General 
description 

The heading date of cereals is an important indicator for plant development, indicating 
whether cereal varieties can be classified as either early, mid- or late maturing. 

Type Phenology 

Plant species Cereal crop species 

Sampling level All cereal plots (sole and intercropped) for each replicate block 

Scale Plot 

Method The date (day of the month and year) should be recorded when 50% of the cereal spikes 
have emerged from the flag leaf sheath (BBCH 55).  

Timing As heading can take place over an extended time period depending on treatment, it is 
important to monitor regularly (every two days) to allow for accurate assessment of 
heading date 

Reporting Numeric. Report for each cereal plot (i) Julian date (25.05.2023) and (ii) number of days 
after sowing. The date on which 50% of all cereal plants have reached BBCH 55 in each 
plot and treatment is reported. 

References Meier, U. (2001). Growth Stages of mono- and dicotyledonous plants. BBCH 
Monograph, 2nd edition, published by the Federal Biological Research Centre for 
Agriculture and Forestry, Berlin and Braunschweig;  
Lancashire et al. (1991). A uniform decimal code for growth stages of crops and weeds. 
Annals of Applied Biology, 119:3. https://doi.org/10.1111/j.1744-7348.1991.tb04895.x 

Author OW 

 
  

https://apps.agrar.bayer.de/
https://apps.agrar.bayer.de/
https://doi.org/10.1111/j.1744-7348.1991.tb04895.x
https://doi.org/10.1111/j.1744-7348.1991.tb04895.x
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6.1.3 Date of flowering 
 

WP1 Priority 2 

WP2 Priority 2 

WP3 Priority  

WP4 Priority 1 

WP5 Priority  

WP6 Priority  

Relevant to WPs 1, 2, 4 

General 
description 

Flowering is an important indicator for plant development, having different progress in 
cereals and legumes. Should be monitored specifically if other traits (and growth stages 
with them) are not recorded in the period. 

Type Phenology 

Plant species All (species specific for each crop) 

Sampling level All treatments per replicate block 

Scale Plot 

Method Visually inspect on plot level and note the following dates:  
Date of 50 % flowering plants (cereals – BBCH 65)  
Date of first flowering (legumes – BBCH 61)  

Timing From BBCH 61 to 69, it is important to monitor regularly to allow for accurate assessment 
of flowering dates. 

Reporting Numeric. Report for each treatment plot and crop species (i) Julian date (25.05.2023) and 
(ii) number of days after sowing. The date on which 50% of all cereal plants are flowering 
(BBCH 65) and date of first flowering in legumes (BBCH 61) in each plot and treatment is 
reported. 

References Meier, U. (2001). Growth Stages of mono- and dicotyledonous plants. BBCH 
Monograph, 2nd edition, published by the Federal Biological Research Centre for 
Agriculture and Forestry, Berlin and Braunschweig;  
Lancashire et al. (1991). A uniform decimal code for growth stages of crops and weeds. 
Annals of Applied Biology, 119:3. https://doi.org/10.1111/j.1744-7348.1991.tb04895.x 

Author/s (for 
questions) 

LPK, OW 

 

6.1.4 Date of pod formation (for legumes) 
 

WP1 Priority 2 

WP2 Priority 2 

WP3 Priority  

WP4 Priority 1 

WP5 Priority  

WP6 Priority  

Relevant to WPs 1, 2, 4 

General 
description 

Pod formation is an important step in plant development, signifying a switch in energy 
allocation. Can be monitored specifically if other traits (and growth stages with them) are 
not recorded in the period. 

Type Phenology 

Plant species Legumes  

Sampling level Each legume plot (sole and intercropped) for each replicate block 

https://doi.org/10.1111/j.1744-7348.1991.tb04895.x
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Scale Plot 

Method Visually inspect on plot level and note the following dates:  
- 10 % of pods fully developed  
- 50 % of pods fully developed 

Timing From BBCH 71 to 75, it is important to monitor regularly to allow for accurate assessment 
of dates for pod formation. 

Reporting Numeric. Report for each legume treatment per replicate (i) Julian date (25.05.2023) and 
(ii) number of days after sowing. 

References Meier, U. (2001). Growth Stages of mono- and dicotyledonous plants. BBCH 
Monograph, 2nd edition, published by the Federal Biological Research Centre for 
Agriculture and Forestry, Berlin and Braunschweig;  
Lancashire et al. (1991). A uniform decimal code for growth stages of crops and weeds. 
Annals of Applied Biology, 119:3. https://doi.org/10.1111/j.1744-7348.1991.tb04895.x 

Author/s (for 
questions) 

LPK, OW 

 

6.2 Morphology 

6.2.1 Plant count (field emergence and overwintering of legumes) 
 

WP1 Priority 1 

WP2 Priority 1 

WP3 Priority  

WP4 Priority 1 

WP5 Priority  

WP6 Priority  

Relevant to WPs 1, 2, 4 

General 
description 

This standard trait enables evaluation of emergence rate, establishment, and survival of 
the crop in-field. This is commonly lower than the targeted number/density (based on 
germination rates assessed before sowing, e.g. on filter paper in a petri dish) and allows 
adaptation of other traits measured on plot or subplot level. 

Type Morphology 

Plant species All (species specific for each crop) 

Sampling level All treatments per replicate block 

Scale Subplot: defined per row meter (3 x 1 m). 

Method Manual counting of each species in each plot and replicate block. For the row-based 
subplots, place an object of known length (ruler, stick or similar of 1m in length) along a 
representative stretch of crop row at three different positions in the plot (avoiding 
edge/boundary rows). Possibly mark the area for later reference (e.g. with wooden 
sticks) if germination is suspected to be incomplete. Count and record the total number 
of plants for each crop species along the object of 1m length at all three positions (see 
Appendix 8.6).    

Timing Most important is assessment of field germination shortly after emergence (BBCH 10 for 
cereal) of [1] each species (separate time points adapted to the germination time of each 
species) or [2] all species (one time point defined by the slowest emerging species). 
Consider repeating if germination is suspected to be incomplete. A later assessment after 
winter (for winter sown crops) should be performed to estimate plant survival rate (e.g. 
overwintering in legumes). Here the same method is applied, but only the total number 
of legume plants are recorded along the object of 1m length. Note for cereals: try to 

https://doi.org/10.1111/j.1744-7348.1991.tb04895.x
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perform this plant count at BBCH 10-11 before the plants increase their leaf number, 
thereafter it is difficult to distinguish between individual plants.  

Reporting Integer – the mean number of the three counts (3 x 1m) is extrapolated to plants per m2 
and reported for each species in each plot. Report each time point separately if 
overwintering in legumes is also assessed. Can be used to estimate differences or 
proportions (e.g. survival rate) if measured repeatedly (in the case of overwintering). 

Author/s (for 
questions) 

LPK, ST, OW 

6.2.2 Ground cover (crops and weeds) 
 

WP1 Priority 2 

WP2 Priority 1 

WP3 Priority  

WP4 Priority 1 

WP5 Priority  

WP6 Priority  

Relevant to WPs 1, 2, 4 

General 
description 

Enables evaluation of crop establishment, early vigour, and weed suppression potential. 
Ground cover at tillering is strongly correlated with weed suppression throughout the 
season and can be seen as the result of a range of other plant traits (e.g. growth habit, 
tillering capacity, rapid early growth, plant height). Should be done by one person only 
since rather subjective (for non-trained persons). 

Type Morphology 

Plant species All (species specific for each crop) incl. weeds 

Sampling level All treatments per replicate block 

Scale Subplot: defined by a total area of 2m2 to be recorded per plot 

Method Visual estimation of percentage ground area within a quadrat (see Appendix 8.7) that is 
covered by both crop species and weed plants. Standing over the quadrat and looking 
down on the canopy, visually project the area of vegetation to the area of ground below. 
Conduct this process for each crop species in the plot, as well as the combined weed 
vegetation. Score in 10% intervals (i.e. 0-10 %, 10-20 %, 20-30 % etc.). The bare ground 
cover percentage is the area of ground without any overlying canopy. Note that the total 
ground area covered may exceed 100 % due to overlapping canopies of each crop species 
and the weed layer. As quadrats may be of variable size (depending on partner), calculate 
quadrat area and plan for total number of visual assessments needed per plot in order 
to assess a total area of 2m2 (e.g. if quadrat has an area of 0,5m2, then four assessments 
per plot are needed to assess total of 2m2). The quadrat assessments should be spread 
randomly across the plot, avoiding edge and boundary rows. For partners with strip 
cropping experiments, the ground cover assessment in the intercrop treatments should 
be performed in the crop rows between the two crop species, as well as within the single 
crop species strips within the intercrop treatment for comparison. Smartphone solutions 
are available, such as Canopeo (canopeoapp.com), however, the app cannot differentiate 
between different species (although the app may help assessor to test accuracy of total 
ground cover visual estimation). In addition to ground cover estimation, the main weed 
species should be identified (see 6.6.2). 

Timing Window period is at the tillering stage for cereals (BBCH 25-29) before stem elongation. 
This is the most important growth stage for the evaluation of early coverage (critical for 
weed suppression). Please make sure the visual assessment is done BEFORE weed control 
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measures (e.g. mechanical or herbicide treatment). Additionally, please note the most 
prevalent weed species per visual assessment (3 x per plot) and report this as a character 
- botanical and common name. In addition to the identification of the most prevalent 
weed species, this assessment can be carried out together with the vegetative biomass 
cuts at BBCH 25-29 (see 6.2.7). 

Reporting Integer (0-100 %) - Report means for each plant species per plot. Character – weed 
species identification including botanical and common name.  

References  Rasmussen, J. Nørremark, M., Bibby, B.M. (2007). Assessment of leaf cover and crop soil 
cover in weed harrowing research using digital images. Weed research 47(4), 299-310.  

Author/s (for 
questions) 

LPK, AJK, OW 

 

6.2.3 Leaf area index (destructive, per species) 
 

WP1 Priority  

WP2 Priority 2 

WP3 Priority  

WP4 Priority 1 

WP5 Priority  

WP6 Priority  

Relevant to WPs 2, 4 

General 
description 

Enables evaluation of crop growth. LAI is strongly correlated with biomass. Very 
important for modelling purposes 

Type Morphology  

Plant species All (species specific for each crop) incl. weeds 

Sampling level Subset of 5 compulsory treatments per replicate block  

Scale Subplot: defined by area of about 0.25 m2 or row meters (no. of plants) cut to 
approximate this same area.  

Method See steps 1-6 in 6.2.7 (for vegetative biomass cut). Scan fresh leaf area (including stems) 
per crop species separately and all weeds (together) preferably on the same or next day 
(if biomass can be cooled). The sample area to be cut is described in the vegetative 
biomass cut. The cut sample plants should be carefully distributed on the scanner to 
avoid overlapping. Samples can then be dried (see 6.2.7 step 7 onwards) and further 
processed for the vegetative biomass cuts (see 6.2.7). For partners with strip cropping 
experiments, samples for LAI (destructive) in the intercrop treatments should be cut both 
in the crop rows between the two crop species, as well as within the single crop species 
strips within the intercrop treatment for comparison.  

Timing LAI measurements should coincide with the biomass cuts to reduce assessment workload 
(cereal BBCH stages: 25-29, 65 and 85), additionally two additional dates can be added 
during the growing season (1st additional date between cereal BBCH 40-50 and 2nd 
additional date between cereal BBCH 50-60).  

Repetition Repeated measurements during the growing period allow more detailed assessment of 
crop development. (see Timing above). 

Reporting Numeric – reported for each crop species separately and total weeds (dimensionless, 
m2/m2, should range between 0 and 8). 

References  https://www.licor.com/env/products/leaf_area/LI-3100C/ 

Author/s (for 
questions) 

SS, OW 

 

https://www.licor.com/env/products/leaf_area/LI-3100C/
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6.2.4 Leaf area index (non-destructive) 
 

WP1 Priority  

WP2 Priority 2 

WP3 Priority  

WP4 Priority 1 

WP5 Priority  

WP6 Priority  

Relevant to WPs 2, 4 

General 
description 

Enables evaluation of crop growth. LAI is strongly correlated with biomass. Very 
important for modelling purposes 

Type Morphology 

Plant species All (species specific for each crop) incl. weeds 

Sampling level Subset of 5 compulsory treatments per replicate block  

Scale Subplot: defined by area of about 0.25 m2 or row meters (no. of plants) cut to 
approximate this same area. 

Method Use dedicated equipment, e.g. handheld devices such as SunScan SS1, Licor-2000 and 
AccuPAR LP-80. Carefully follow the instructions for the specific equipment and aim for 
placing sensor(s) at highly standardised positions within the canopy. Use of overhead 
sensors to measure background radiation is recommended. Alternatively, use of paired 
measurements of above-canopy followed by within-canopy PAR levels - LAI can then be 
estimated based on an extinction coefficient that must be found in the documentation 
or in the literature. For camera-based devices, measurements should be conducted only 
under diffuse lighting conditions (no direct sunlight should enter the sensors). Some 
devices estimate LAI from calibrated equations that include values for plant leaf angle 
(such as the SunScan SS1) – in these cases, consider assessing plant teams while using a 
leaf angle value averaged across the species.  

Timing LAI measurements should coincide with the biomass cuts to reduce assessment workload 
(cereal BBCH stages: 25-29, 65 and 85), additionally two additional dates can be added 
during the growing season (1st additional date between cereal BBCH 40-50 and 2nd 
additional date between cereal BBCH 50-60). 

Repetition Repeated measurements during the growing period allow more detailed assessment of 
crop development. (see Timing above). 

Reporting Numeric – reported for each crop species separately and total weeds (dimensionless, 
m2/m2, should range between 0 and 8). 

References  https://www.licor.com/env/products/leaf_area/LAI-2200C/  

Author/s (for 
questions) 

ACN, ST, CS, LPK, SS, OW 

6.2.5 Plant length 
 

WP1 Priority 2 

WP2 Priority 1 

WP3 Priority  

WP4 Priority 1 

WP5 Priority  

WP6 Priority  

Relevant to WPs 1, 2, 4 

https://www.licor.com/env/products/leaf_area/LAI-2200C/


 
 
 

63 

 

General 
description 

Describes stem extension of each species as opposed to the physical height of the whole 
canopy.  

Type Morphology 

Plant species All (species specific for each crop) 

Sampling level All treatments per replicate block 

Scale Single plants (10 plants species per plot) 

Method Manual measurement with ruler. This assessment can be integrated to coincide with 
numerous assessments, but compulsory during cereal foliar leaf assessment (see 6.6.3). 
Ten plants should be measured for each species in a plot. Procedures should be adapted 
to species:  
Cereals (incl. maize)- Measure the longest shoot (main shoot) from ground level to 
upper/last leaf sheath/insertion point (early) or end of ear (excluding awns/spikes) when 
emerged;  
Beans - Measure stem length from ground level to the petiole of uppermost visible leaves 
(the growth tip);  
Peas - Measure stem length from ground level to petiole of uppermost visible leaves (the 
growth tip). Due to a less linear mode of growth, individuals must be disentangled from 
other plants (if necessary) and slightly stretched before measurement. Consider cutting 
individuals at ground level and removing them from the plot before stretching.  
For partners with strip cropping experiments, plant length in the intercrop treatments 
should be measured both in the crop rows between the two crop species, as well as 
within the single crop species strips within the intercrop treatment for comparison.  

Timing Window period is between beginning of stem elongation for cereal (BBCH 31) and 
beginning of senescence (BBCH 90) for those partners in Task 2.2 that will measure plant 
height during the season. For partners in Task 2.3, plant height should be measured at 
each foliar disease assessment date (cereal BBCH 25-29, BBCH 35-45, BBCH 55, BBCH 65) 
(see 6.6.3). 

Repetition Repeated measurements during the growing period allow more detailed assessment of 
crop development, as well as foliar disease development etc.  

Reporting Numeric - For Task 2.2, report average of plant height measurements of the selected 
number of plants per species (to nearest centimetre). For Task 2.3 report plant height to 
nearest centimetre (up to end of ear not including spikes/awns for cereal at later growth 
stages) for each plant separately (10 plants per crop species per plot). 

Author/s (for 
questions) 

LPK, OW 

6.2.6 Canopy height 
 

WP1 Priority 2 

WP2 Priority 1 

WP3 Priority  

WP4 Priority 1 

WP5 Priority  

WP6 Priority  

Relevant to WPs 1, 2, 4 

General 
description 

Describes maximal placement of biomass above ground by each crop species as it stands. 
Tall varieties appear to be more competitive at moderate to good plant densities (early 
stem elongation being more important than tall straw at maturity). 

Type Morphology 
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Plant species All (species specific for each crop) 

Sampling level All treatments per replicate block 

Scale Subplot (3 positions to be recorded per plot) 

Method Manual measurement with ruler. For measurements during stem elongation, hold a 
horizontal stick along the average top of the highest plants in the subplot (incl. ears and 
upper leaves, but excl. spikes if applicable), then use a ruler or meter stick to read the 
distance between the horizontal stick and ground level. Measure and report for each 
species separately based on 3 positions (subplots) per plot. The three positions should 
be spread across the plot (avoiding edge and boundary rows). For partners with strip 
cropping experiments, canopy height should be measured within the single crop species 
strips within the intercrop treatment for comparison.  

Timing For partners in Task 2.3, canopy height should be measured at maturity (BBCH 85-95, 
pre-harvest) and can be timed to coincide with the reproductive biomass cut (see 6.4.1). 

Repetition Repeated measurements during the growing period allow more detailed assessment of 
crop development (may be relevant for partners in Task 2.2.) 

Reporting Numeric - For each species in each plot, report average of 3 measurements (to nearest 
centimetre). 

Author/s (for 
questions) 

LPK, OW 

 

6.2.7 Vegetative biomass at cereal tillering (BBCH 25-29) and at cereal flowering 
(BBCH 65) 

 

WP1 Priority 2 

WP2 Priority 1 

WP3 Priority  

WP4 Priority 1 

WP5 Priority  

WP6 Priority  

Relevant to WPs 1, 2, 4 

General 
description 

A commonly measured trait used to assess general plant growth and vigour.  
 

Type Morphology 

Plant species All (species specific for each crop) incl. weeds 

Sampling level Subset of 5 compulsory treatments per replicate block  

Scale Total cut area per plot of 1m2 per biomass cut assessment period divided into two 
subplots of 0,5m2 either as 1) a quadrat (e.g. 1m x 0,5m) or 2) the same area calculated 
according to the length of a row (e.g. 2m distance within row x 0,25m row distance 
=0,5m2). Two cuts to be made per plot (total area cut = 1m2). For strip cropping partners 
(maize/soybean or cowpea), where gaps within row may be present, please harvest a 
minimum of 10 plants per crop species for each treatment (cut area can then be 
calculated by no. of plants x distance between plants within row x distance between 
rows). This same calculated area (of the 10 plants), can be used to cut weeds between 
rows, not only within the strips of the each crop in the intercrop treatment, but between 
the two crop species (for the intercrop treatments) for comparison. 

Method 1) Clearly demark a rectangular or quadratic subplot of 0.5 m2 parallel to the 
drilling direction (in the plot allocated for destructive measurements!), using 
one of two methods: (i) a thin frame, preferably a sturdy material such as steel 
and preferably open on one side (to facilitate placement on ground without 
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damaging or manipulating plants; pea plants can be almost impossible to mark 
with a closed frame), or (ii) marking the area with ruler and sticks/pins. If the 
area to be cut is to be estimated by the length of a row, clearly mark the 
calculated length of the row as described by 2) in the scale category of this table. 

2) Harvest all (crop and weed) plants within the subplot just above ground level 
(ca. 1.5 cm), carefully separating entangled pea plants (where relevant). Use (i) 
appropriate scissors, or (ii) handheld battery-powered cutters (such as the 
Bosch Isio series). In cases where field peas are particularly intertwined, it can 
be useful to separate the sample area from the rest of the plot using an electric 
hedge cutter (see Appendix 8.9).  

3) Make sure that samples are not exposed to excess sunlight or heat prior to 
fractionation and drying. If leaving bags for more than 2-3 hours before further 
processing, it is recommended to temporarily store samples in the shade or in a 
cooler bag.  

4) Plant material from multi-species plots should be fractionated per target crop 
species and all weed species combined shortly after harvest (both crop species 
separately and total weed biomass separately). Store all fractions in separate 
bags, each clearly labelled.   

5) Place all harvested material in bags suitable for direct drying, each clearly 
labelled with (date and) unique plot id.  

6) Weigh the fresh plant material on an industrial-grade scale, providing grams 
with at least two decimals. Consider weighing without bags if sample weight is 
low, otherwise make sure to subtract average bag weight. LAI can also be 
determined at this point (see 6.2.3) 

7) Dry the harvested (and fractionated) plant material in a drying oven (no higher 
than 60 ˚C for biomass N content analysis) for 48 hours.  

8) Weigh dried plant material on an industrial-grade scale, providing grams with at 
least two decimals. Consider weighing without bags if sample weight is low, 
otherwise make sure to subtract average bag weight.  

9) Dried samples including weed biomass can then be further used for the N 
content analysis (see 6.3.1). 

For partners with strip cropping experiments, biomass cuts in the intercrop treatments 
should be taken both in the crop rows between the two crop species, as well as within 
the single crop species strips within the intercrop treatment for comparison.  

Timing First biomass cut should be taken at the tillering stage for cereals (BBCH 25-29) before 
stem elongation. Please make sure this first biomass cut is taken BEFORE weed control 
measures (e.g. mechanical or herbicide treatment planned at this stage). This initial 
biomass cut can be carried out together with the ground cover assessment at BBCH 25-
29 (see 6.2.2). The second vegetative biomass cut should be taken at cereal peak 
flowering (BBCH 65). During both vegetative biomass cuts, soil Nmin and soil water 
content should also be sampled (see 0 and 5.3.1). In addition, the nitrogen content 
(destructive) of both crop species and of the weed biomass should be analysed (see 
6.3.1).  

Repetition Additional sampling dates allow assessment of growth dynamics. Vegetative biomass 
cuts are to be taken at 1) cereal tillering (BBCH 25-29) and 2) at cereal peak flowering 
(BBCH 65). An additional reproductive biomass cut will be taken at cereal maturity (BBCH 
85-95) (see 6.4.1).  

Reporting Numeric - Extrapolate both fresh and dry weight biomass for each crop species and total 
weed biomass  to g per m2 for each selected plot.  
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Author/s (for 
questions) 

LPK, OW 

6.2.8 Lodging 
 

WP1 Priority 2 

WP2 Priority 1 

WP3 Priority  

WP4 Priority 1 

WP5 Priority  

WP6 Priority  

Relevant to WPs 1, 2, 4 

General 
description 

Lodging can negatively affect crop growth and harvestable yield, depending on timing. 
Early lodging (around stem elongation) is rare and does not have significant impact on 
agronomic traits but may be important for canopy structure. At a plant level, lodging 
could start from the basal internode, and the whole plant is lodged at varying angles from 
vertical position. If lodging is due to buckling of middle internodes the plant usually bends 
from these internodes, the basal part of the stem staying erect. More frequently, lodging 
happens during the later parts of the plant life cycle, mainly because of rain and/or wind. 
This can impede harvest, cause yield loss, and result in lower grain quality (see Appendix 
8.8).  

Type Morphology 

Plant species All (species specific for each crop) 

Sampling level All treatments per replicate block 

Scale Plot 

Method Visual scoring based on the overall main stem angle and proportion of plot affected:  
 

Lodging scale Lodging development 

1 Main stems strictly upright 

2 Main stems incline slightly 

3 Main stems at 60-degree angle 

4 Main stems at 45-degree angle 

5 Main stems at 30-degree angle 

6 1/2 of the main stems flat 

7 2/3 of the main stems flat 

8 4/5 of the main stems flat 

9 All mainstems flat 
 

Timing During the whole crop cycle, but most importantly after strong rain/wind events on well-
developed crops from 50 % of flowering until the harvest. Date and BBCH growth stage 
of both crop species should be noted once lodging occurs. Final assessment of lodging 
should be made at cereal crop maturity (BBCH 85-95) and can coincide with the 
reproductive biomass cut (see 6.4.1).  

Reporting Numeric - report as Julian date (25.05.2023) once lodging begins, as well as BBCH growth 
stage per individual crop species. 
Integer - Score from 1 to 9 from assessment to be completed with final assessment at 
cereal maturity (BBCH 85-95). 

Reference Zhang, C., Tar'an, B., Warkentin, T., Tullu, A. et al. (2006). Selection for lodging resistance 
in early generations of field pea by molecular markers. Crop Science 46(1), 321–329.  
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Author/s (for 
questions) 

LPK, OW 

6.3 Physiology 

6.3.1 Biomass nitrogen content (destructive) 
 

WP1 Priority 2 

WP2 Priority 1 

WP3 Priority  

WP4 Priority 1 

WP5 Priority  

WP6 Priority  

Relevant to WPs 1, 2, 4 

General 
description 

Assessment of biomass nitrogen (N) content allows the assessment of plant N use 
efficiency components.  

Type Physiology 

Plant species All (species specific for each crop) including weeds (at BBCH 25-29) 

Sampling level Subset of 5 compulsory treatments per replicate block  

Scale Subsample per plant species per biomass cut assessment period based on the quantity 
needed for the specialized equipment (chemical analysis). 

Method Chemical analysis of harvested biomass by specialised equipment (e.g. CHNS analyser, 
Elementar analyser). For use in determination of biomass nitrogen content, it is advised 
to avoid contaminating the samples (e.g. using latex gloves). Freshly harvested biomass 
material should be fractionated into the separate crop species incl. weeds (see 6.2.7, 
steps 4-7, or 6.4.1, steps 4-10). Plant biomass material for determination of N content 
should be dried at a maximum temperature of 60 ˚C for 48 hours. Depending on the 
specialised machinery, dried biomass should be finely ground (<1mm) before analysis 
ensuring a representative subsample weight of at least 50g per crop species in each 
treatment. For the N content analysis, the sample weight needed will be much less than 
the 50g prepared, however, the sample preparation will also serve for the biomass 
residue nutrient composition analysis, as well as to ensure a good representative sample 
per treatment (see 6.3.2). Additionally, grain protein content of both crop species at 
cereal maturity (BBCH 85-95) will be analysed separately (see 6.4.1 and 6.5.5 

Timing Both crop species and including weed biomass at cereal tillering (BBCH 25-29), both crop 
species at peak cereal flowering (BBCH 65) and at maturity (BBCH 85-95). Weed biomass 
N content is only performed at this first date (BBCH 25-29). 

Repetition Repeated sampling (at the stages indicated above) allows analysis of temporal nitrogen 
dynamics during the growth season. Additionally, grain protein content of both crop 
species at cereal maturity (BBCH 85-95) will be analysed separately (see 6.5.5).  

Reporting Numeric - Percentage N of vegetative biomass and conversion to total amount of N (g g-

1) per crop species and total weed biomass (at BBCH 25-29). 

References Weih, M., Asplund, L., Bergkvist, G. (2011). Assessment of nutrient use in annual and 
perennial crops: A functional concept for analyzing nitrogen use efficiency. Plant and Soil 
339, 513-520.  
Weih, M., Hamnér, K., Pourazari, F. (2018). Analyzing plant nutrient uptake and utilization 
efficiencies: Comparison between crops and approaches. Plant and Soil 430, 7-21.  

Author/s (for 
questions) 

LPK, OW 
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6.3.2 Biomass residue nutrient composition 
 

WP1 Priority 2 

WP2 Priority 1 

WP3 Priority 1 

WP4 Priority 1 

WP5 Priority  

WP6 Priority  

Relevant to WPs 1, 2, 3, 4 

General 
description 

In order to compare the sole crop and intercrop treatments in terms of nutrient 
acquisition and possible facilitation, the following macro- and micronutrients Al, B, Ca, 
Cu, Fe, K, Mg, Mn, Na, P, S and Zn will be analysed from the biomass residues taken from 
the reproductive biomass cut (see 6.4.1). This analysis will be outsourced to CIRAD and 
partners are asked to prepare the samples accordingly, after which samples can be sent 
to the contact person at CIRAD. 

Type Physiology 

Plant species All (species specific for each crop) 

Sampling level Subset of 5 compulsory treatments per replicate block  

Scale Subsample of biomass residue (plant stems/stalks and leaves) taken from the 
reproductive biomass cut (see 6.4.1) for the selected subset of compulsory treatments. 

Method Freshly harvested biomass material should be fractionated into the separate crop 

species (see 6.4.1, steps 4-10). The plant biomass material for this analysis should be 

prepared as per the subsamples for the determination of N content (as described in 

6.3.1) and dried at a maximum temperature of 60 ˚C for 48 hours. Thereafter, a 

subsample weight of approximately 50g of the dried biomass should be finely ground 

(<1mm, if a granularity of only <2mm is possible, then samples should be ground twice 

to ensure a finer granularity suitable for the nutrient composition analysis) and the 

subsample weight needed for the biomass N content analysis set aside (see 6.3.1). For 

the nutrient composition analysis, the prepared subsample per treatment (and crop 

species) from two replicate blocks should be mixed together to be able to analyse 2 

samples per treatment and crop species for the selected subset of compulsory 

treatments (e.g. sample from the same treatment in replicate block 1 + 2 and 3 + 4 mixed 

together per crop species). For partners with only three replicates, please combine the 

samples for each crop species per treatment from two replicate blocks (e.g. 1 +2) in 

order to submit 2 samples for the analyses (e.g. 1st sample = 1+2 replicate blocks, 2nd 

sample = 3 replicate block). Once mixed together, the prepared subsample powder can 

be packed into appropriate storage containers and labelled accurately including 

treatment number and replicate block numbers (plot IDs) which were mixed together, 

as well as crop species. All samples should then be appropriately packed and posted to 

the contact person at CIRAD. 

Timing Samples prepared from the reproductive biomass cut at maturity (BBCH 85-95) (see 
6.4.1) from the same ground sample prepared for the biomass N content analysis (see 
6.3.1).  

Reporting Numeric - Percentage of various macro- and micronutrients of from the biomass residue 
sample and conversion to total amount of each specific element (g g-1) per crop species. 

Author/s (for 
questions) 

OW 
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6.4 Reproduction 
 

6.4.1 Reproductive biomass (incl. tillers/plants per m2 and seeds/kernels per 
plant/tiller) 

 

WP1 Priority 2 

WP2 Priority 1 

WP3 Priority  

WP4 Priority 1 

WP5 Priority  

WP6 Priority  

Relevant to WPs 1, 2, 4 

General 
description 

A commonly measured trait used to assess plant trait profiles and resource allocation.  

Type Reproduction 

Plant species All (species specific for each crop) 

Sampling level Per plot and replicate at cereal maturity (BBCH 85-95). Earlier biomass cuts at cereal 
BBCH 25-29 and BBCH 65 (see 6.2.7) should be sampled per subset of 5 compulsory 
treatments per replicate block.  

Scale Total cut area per plot of 1m2 per biomass cut assessment period divided into two 
subplots of 0,5m2 either as 1) a quadrat (e.g. 1m x 0,5m) or 2) the same area calculated 
according to the length of a row (e.g. 2m row x 0,25m row distance =0,5m2). Two cuts to 
be made per plot (total area cut = 1m2). For strip cropping partners (maize/soybean or 
cowpea), where gaps within row may be present, please harvest a minimum of 10 plants 
per crop species for each treatment (cut area can then be calculated by no. of plants x 
distance between plants within row x distance between rows). Additionally, partners 
planning to use this final reproductive biomass cut for final grain yield, a large area can 
be cut to ensure a representative area for crop yield (e.g. 5m within row per plot). 

Method 1) Clearly demark a rectangular or quadratic subplot of 0.5 m2 parallel to the 
drilling direction (in the plot allocated for destructive measurements!), using 
one of two methods: (i) a thin frame, preferably a sturdy material such as steel 
and preferably open on one side (to facilitate placement on ground without 
damaging or manipulating plants; pea plants can be almost impossible to mark 
with a closed frame), or (ii) marking the area with ruler and sticks/pins. If the 
area to be cut is to be estimated by the length of a row, clearly mark the 
calculated length of the row as described by 2) in the scale category of this table. 

2) Harvest all plants (incl. weeds) within the subplot just above ground level (ca. 
1.5 cm), carefully separating entangled pea plants (where relevant). Use (i) 
appropriate scissors, or (ii) handheld battery-powered cutters (such as the 
Bosch Isio series). In cases where field peas are particularly intertwined, it can 
be useful to separate the sample area from the rest of the plot using an electric 
hedge cutter (see Appendix 8.9).  

3) Make sure that samples are not exposed to excess sunlight or heat prior to 
fractionation and drying. If leaving bags for more than 2-3 hours before further 
processing, it is recommended to temporarily store samples in the shade or in a 
cooler bag.  

4) Plant material from multi-species plots should be fractionated per target crop 
species and total weed biomass shortly after harvest (both crop species 
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separately). Store all fractions in separate bags, each clearly labelled and 
suitable for direct drying.  

5) During fractionation of the two crop species, count and report the number of 
legume plants and cereal tillers/maize plants in each harvested area to allow (i) 
calculation of plant/tiller number per m2 and (ii) calculation of average per-plant 
biomass.  

6) Weigh the fresh plant material on an industrial-grade scale, providing grams 
with at least two decimals. Consider weighing without bags if sample weight is 
low, otherwise make sure to subtract average bag weight.  

7) After weighing the fractionated fresh plant material, cut off the cereal 
ears/maize cobs close to the base of each stem, as well as the pods from each 
legume plant. Store these in separate bags per plant species and plot until 
further processing (threshing) (go to step 11 and 12). 

8) Dry the harvested (and fractionated) plant biomass material (not including the 
cereal ears/maize cobs or legume pods) in a drying oven (no higher than 60 ˚C 
for biomass N content analysis, see 6.3.1) for 48 hours.  

9) Weigh dried biomass plant material on an industrial-grade scale, providing 
grams with at least two decimals. Consider weighing without bags if sample 
weight is low, otherwise make sure to subtract average bag weight.  

10) Dried samples of the compulsory subset of 5 treatments (1-5) per replicate plot 
for both crop species biomass can then be further used for the N content 
analysis (see 6.3.1), as well as biomass residue nutrient composition (see 6.3.2). 

11) Cereal ears/maize cobs and legume pods from all treatments per replicate block 
should be threshed separately (see 6.5.2 and Appendix 8.10 for thresher) per 
crop species before weighing of total grains/kernels/seeds on an industrial-
grade scale, providing grams with at least two decimals. Consider weighing 
without bags/container if sample weight is low, otherwise make sure to subtract 
average bag/container weight.  

12) A subsample from each crop species per plot should be used to assess seed 
weight (see 6.5.3), as well as grain nitrogen content (see 6.5.5). Additionally, for 
the subset of five compulsory treatments grain nutrient composition will be 
analysed (see 6.5.6). From the total threshed grain/kernel/legume weight, as 
well as seed weight, other yield parameters such as kernel number per ear or 
legume seeds per plant can be calculated. Additionally, the total kernel weight 
and biomass weight per crop species allows for the calculation of harvest index 
(Total biomass weight (incl. kernel/grain/seed)/total kernel/grain/seed weight.  

13) Thereafter, a subsample of the threshed grain/kernel/seed can be weighed 
before drying at 105°C for 24 hours after which the subsamples are again 
weighed in order to correct the total grain/kernel/seed weight per plot to 14% 
moisture content for cereals, 12.5% for maize and 14% for legumes (except 
cowpeas corrected to 9.5%). 

For partners with strip cropping experiments, biomass cuts in the intercrop treatments 
should be taken both in the crop rows between the two crop species, as well as within 
the single crop species strips within the intercrop treatment for comparison.  

Timing Just before harvest at BBCH 85-95. During the biomass cut, soil Nmin and soil water 
content should also be sampled (see 0 and 5.3.1) for the compulsory subset of 5 
treatments per replicate block. In addition, the nitrogen content of both the biomass and 
grain of both crop species should be analysed (see 6.3.1 and 6.5.5), as well as nutrient 
composition of both the biomass residue and grain for the selected subset of compulsory 
treatments (see 6.3.2 and 6.5.6).   
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Repetition Additional sampling dates allow assessment of growth dynamics. Vegetative biomass 
cuts are to be taken at 1) cereal tillering (BBCH 25-27) and 2) at cereal peak flowering 
(BBCH 65) (see 6.2.7).  

Reporting Numeric - Extrapolate biomass (residues) for each crop species and total weed biomass 
to g per m2. Additionally, theoretical grain yield (extrapolated to t/ha and corrected to 
14% moisture content for cereals, 12.5% for maize and 14% for legumes (except cowpeas 
corrected to 9.5%) can be calculated from the threshed grain/kernel/seed weight per 
crop species and replicate block. Seed weight to be reported in grams, extrapolated to 
thousand-kernel-weight (corrected to 14% moisture content for cereals, 12.5% for maize 
and 14% for legumes (except cowpeas corrected to 9.5%). Number of plants/tillers per 
m2, number of kernels/ear or seed/plant, as well as harvest index can be extrapolated 
from the collected data for each crop species and replicate plot.  

References Please refer to data input sheets on the collaborative platform for further information on 
data to be collected. 

Author/s (for 
questions) 

LPK, OW 

 

6.5 Yield and post-harvest 

6.5.1 Grain yield 
 

WP1 Priority 1 

WP2 Priority 1 

WP3 Priority 1 

WP4 Priority 1 

WP5 Priority  

WP6 Priority 1 

Relevant to WPs 1, 2, 3, 4, 6 

General 
description 

Describes total reproductive output from the grain crops 

Type Yield and post-harvest 

Plant species All (species specific for each crop) 

Sampling level All treatments per replicate block 

Scale Whole plot to estimate total production (taken from the part of the plot allocated for 
harvest i.e. where destructive measurements have not been made).  

Method Whole plots are harvested using an experimental combine. Make sure to measure the 
final area of the plots prior to harvesting (e.g. subtracting any cut areas, see 1.2.6). 
Specific adjustment of combine speed and mechanical settings is required for harvest of 
intercrop plots and for different sole-crop species. Depending on the species there is 
likely to be a trade-off, e.g. between obtaining sufficient threshing of cereal spikes and 
reducing the proportion of split peas. Combine settings should aim to optimise both. 
Preferably, plan for intercropped border plots to be used in this adjustment process. All 
samples are cleaned, dried, and weighed and subsamples taken for the assessment of 
thousand grain weight (see 6.5.3). Mixed grain lots from intercrops are fractionated to 
species level (see 6.5.2). Moisture content measured directly after/at harvest can provide 
information of the degree of ripeness of the cultures (especially interesting if different 
cultivars of a species should be compared). Additionally, management decision on 
optimal harvesting time should be noted (see 0). Some partners may deduce grain yield 
from the reproductive biomass cut (see 6.4.1). 
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Timing At dry/maturity stage (BBCH 90-99). 

Reporting Numeric - Extrapolate to t/ha for each crop species (corrected to 14% moisture content 
for cereals, 12.5% for maize and 14% for legumes (except cowpeas corrected to 9.5%). 

Author/s (for 
questions) 

ST, CS, LPK, OW 

6.5.2 Seed sorting 
 

WP1 Priority 1 

WP2 Priority 1 

WP3 Priority 1 

WP4 Priority 1 

WP5 Priority  

WP6 Priority 1 

Relevant to WPs 1, 2, 3, 4, 6 

General 
description 

Sorting of the mixed grain from harvested intercrops is required to estimate the 
contribution by each component species. While mixed grain can be used directly for 
feeding, the ability to separate grain is particularly important for food grade grain.  

Type Yield and post-harvest 

Plant species All (species specific for each crop) 

Sampling level All treatments per replicate block 

Scale Plot 

Method Use screen-based machinery such as a seed sifter or drum machine. Size and shape of 
screen holes depend on the species. See also Appendix 8.10 for more examples of sorting 
equipment. Clean separation of crop grains is harder the more similar they are in size. In 
such cases, a possible strategy is to allow for a mixed middle fraction (aiming to make 
this as small as possible) and sort this manually or with additional specific settings. Shown 
below are example settings on a Westrup air screen cleaner (see Appendix I) for 
separating mixed pea and barley grain:  

  Setting  Purpose  

Screens      

Pre-screen  9 mm (round)  Leave out pod and spike material  

Upper-screen   6 mm (round)  Fractionate pea and barley grains  

Lower-screen  2.8 mm (round)  Remove dockage *  

Mechanics      

Feeding rate  Scale 6 (out of 10)  Entry of material onto first sieve  

Vibrator revolutions  330 rpm  Move material across sieves  

Air/cyclone rate  Scale 10 (max)  Remove dockage etc.  

* material other than target grain (chaff, straw, non-target seeds etc.)  

Timing Post-harvest (after plot harvest, see 6.5.1). 

Alternatives Manual methods may be used in case no dedicated equipment is available. Select a 
representative subsample of the mixed grain and manually sort or sieve the seeds. 
Fractions are then weighed to obtain estimates of their proportion. These are multiplied 
by the total grain mass to obtain yield estimates of each component species. Please note: 
this method is more labour-intensive and less precise. Equipment for sorting seeds based 
on gravity or colour is also available.  
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Reporting Numeric - Extrapolate to t/ha for each crop species (corrected to 14% moisture content 
for cereals, 12.5% for maize and 14% for legumes (except cowpeas corrected to 9.5%). 

Author/s (for 
questions) 

LPK, OW 

6.5.3 Seed weight (thousand grain weight) 
 

WP1 Priority 1 

WP2 Priority 1 

WP3 Priority  

WP4 Priority 1 

WP5 Priority 1 

WP6 Priority  

Relevant to WPs 1, 2, 4, 5 

General 
description 

Seed weight is an important yield component and is directly related to grain quality and 
seedling vigour. Can be used as an important indicator of plant resource availability and 
environmental stress during grain filling.  

Type Yield and post-harvest 

Plant species All (species specific for each crop) 

Sampling level All treatments per replicate block 

Scale Subsample per plot  

Method Take out a random subsample from each plot harvest. Using a dedicated machine (such 
as the MARViN ProLine), count at least 3 times 100 seeds per species per plot and 
extrapolate to one thousand seeds. Please calibrate machinery before counting to ensure 
accuracy (e.g. count specific number of seeds manually before allowing for a machine 
count: ensure number of kernels correspond).  

Timing At reproductive biomass cuts (see 6.4.1) and post-harvest from plot yields (after seed 
sorting and cleaning). 

Reporting Numeric - Report in grams, extrapolated to thousand-kernel-weight for each crop species 
(corrected to 14% moisture content for cereals, 12.5% for maize and 14% for legumes 
(except cowpeas corrected to 9.5%). 

Author LPK, OW 

6.5.4 Test weight (Hectolitre mass/bulk density) 
 

WP1 Priority 1 

WP2 Priority 1 

WP3 Priority  

WP4 Priority 1 

WP5 Priority 1 

WP6 Priority 1 

Relevant to WPs 1, 2, 4, 5, 6 

General 
description 

Test weight determines flour yields and is an important component for describing grain 
quality. The higher the test weight, the higher the amount of dry matter and flour yield. 
Can be used as an important indicator of plant resource availability and environmental 
stress during grain filling.  

Type Harvest and post-harvest 

Plant species Cereal species 

Sampling level All treatments per replicate block with cereals 
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Scale Subsample per plot 

Method Depending on the country, a number of different devices are available to test hectolitre 
mass (refer to Appendix 8.11 for more details on devices). Hectolitre mass should be 
determined on each device according to the respective manufacturer's operating 
instructions. Additionally, the devices should be operated to prevent any shaking or 
vibration that could disturb the grain in the measuring container. Any movement of the 
instrument, while the measuring container is being filled, will result in compaction of the 
grain and subsequently inaccurate results. 

Timing Post-harvest from plot yields (after seed sorting and cleaning). 

Reporting Numeric - Report in kg/hL (kilograms per hectolitre of grain). 

References Manley et al. (2009). Assessment of variance in the measurement of hectolitre mass of 
wheat, using equipment from different grain producing and exporting countries. 
Biosystems Engineering 103, 176-186. 

Author/s (for 
questions) 

OW 

6.5.5 Grain nitrogen content in seeds (dehulled) 
 

WP1 Priority 1 

WP2 Priority 1 

WP3 Priority 1 

WP4 Priority 1 

WP5 Priority 1 

WP6 Priority 1 

Relevant to WPs 1, 2, 3, 4, 5, 6 

General 
description 

Nitrogen (N) content in seeds is an important indicator of feed quality of legume grains 
and baking/malting quality of cereal crops. It is needed for the assessment of the N 
harvest index and complements the assessment of N use efficiency components in the 
target plants. 

Type Harvest and post-harvest 

Plant species All (species specific per crop) 

Sampling level All treatments per replicate block 

Scale Subsample from reproductive biomass cut assessment (see 6.4.1) 

Method Chemical analysis of fractionated grain by specialised equipment (e.g. CHNS analyser, 
Elementar analyser). For use in determination of nitrogen content, it is advised to avoid 
contaminating the samples (e.g. using latex gloves). Subsamples of threshed grain from 
the fractionated crops taken during reproductive biomass cut should be taken (see 6.4.1, 
steps 11-12). Depending on the specialised equipment for the analysis, the grain should 
be finely ground before analysis (<1mm, if a granularity of only <2mm is possible, then 
samples should be ground twice to ensure a finer granularity suitable for the grain 
nutrient composition analysis see 6.5.6) and sample size should be approximately 50g to 
ensure a representative sample for the plot. Size/weight of subsample needed for the 
analyses determined by specialised equipment. The remaining subsample (left over after 
the N content analysis) for the selected compulsory subset of five treatments will be 
further processed for the grain nutrient composition analysis (see 6.5.6).  

Timing Grain subsamples per species taken during reproductive biomass cuts at BBCH 85-95 (see 
6.4.1). 
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Reporting Numeric - Percentage N of grain and conversion to total amount of N (g g-1) per crop 
species. Additionally, protein content can also be calculated by multiplication of factor 
5.7 for cereals. 

Author/s (for 
questions) 

LPK, OW 

6.5.6 Grain nutrient composition 
 

WP1 Priority 2 

WP2 Priority 1 

WP3 Priority 1 

WP4 Priority 1 

WP5 Priority 1 

WP6 Priority 1 

Relevant to WPs 1, 2, 3, 4, 5, 6 

General 
description 

In order to compare the sole crop and intercrop treatments in terms of nutrient 
acquisition and possible facilitation, the following macro- and micronutrients Al, B, Ca, 
Cu, Fe, K, Mg, Mn, Na, P, S and Zn will be analysed from the grain taken from the 
reproductive biomass cut (see 6.4.1). This analysis will be outsourced to CIRAD and 
partners are asked to prepare the samples accordingly, after which samples can be sent 
to the contact person at CIRAD. 

Type Harvest and post-harvest 

Plant species All (species specific for each crop) 

Sampling level Subset of 5 compulsory treatments per replicate block  

Scale Subsample of grain taken from the reproductive biomass cut at BBCH 85-95 (see 6.4.1) 
and prepared as per grain N content (see 6.5.5). 

Method Grain harvested from the reproductive biomass cut should be fractionated into the 

separate crop species (see 6.4.1, steps 11-12). The separate crop grain for this analysis 

should be prepared as per the subsamples for the determination of N content (as 

described in 6.5.5, granularity <1mm and sample size of approximately 50g). The 

remaining subsample after the grain N content analysis for the selected subset of 5 

compulsory treatments (1-5) should be packed into appropriate storage containers and 

labelled accurately including treatment number and replicate block numbers (plot IDs), 

as well as crop species identification. All samples should then be appropriately packed 

and posted to the contact person at CIRAD. 

Timing Samples prepared from the reproductive biomass cut at maturity (BBCH 85-95) (see 
6.4.1) from the same ground sample prepared for the grain N content analysis (see 6.5.5).  

Reporting Numeric - Percentage of various macro- and micronutrients of from the grain sample and 
conversion to total amount of each specific element (g g-1) per crop species. 

Author/s (for 
questions) 

OW 
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6.6 Non-crop biodiversity 

6.6.1 Weed biomass 
 

WP1 Priority 2 

WP2 Priority 1 

WP3 Priority  

WP4 Priority 1 

WP5 Priority  

WP6 Priority  

Relevant to WPs 1, 2, 4 

General 
description 

Weed biomass is an important quantitative measure, being inversely related to the weed 
suppression ability by the crop stand and potential yield loss due to competition.  

Type Non-crop biodiversity 

Plant species All weed species (combined weed biomass) 

Sampling level Subset of 5 compulsory treatments per replicate block 

Scale Total cut area per plot of 0.5m2divided into two subplots of 0.25m2 either as 1) a quadrat 
(0.5m x 0.5m) or 2) the same area calculated according to the length of a row (e.g. 1m 
row x 0.25m row distance =0.25m2). Two cuts to be made per plot (total area cut = 0.5m2) 

Method See protocols on vegetative biomass cuts (see 6.2.7). Additionally, subsample of weed 
biomass taken at the first biomass cut (BBCH 25-29) to be analysed for nitrogen content 
(see 6.3.1). 

Timing Weed biomass cut to be taken at all biomass cuts together with both crop species. 

Reporting Numeric - Extrapolate both fresh and dry weight biomass for total weed biomass to g per 
m2. 

Author/s (for 
questions) 

LPK, OW 

6.6.2 Main weed species identification 
 

WP1 Priority 2 

WP2 Priority 2 

WP3 Priority  

WP4 Priority 1 

WP5 Priority  

WP6 Priority  

Relevant to WPs 1, 2, 4 

General 
description 

Identification of the main (most prevalent) weed species noted during the ground cover 
assessment  

Type Non-crop biodiversity 

Plant species Non-crop species 

Sampling level All treatments per replicate block 

Scale Subplot: defined by a total area of 2m2 to be recorded per plot 

Method Identification of main weed species noted during the ground cover assessment (see 
6.2.2). At each visual quadrat assessment, the dominant weed species should be 
recorded. 

Timing During ground cover assessment (at cereal BBCH 25-29) 
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References https://ahdb.org.uk/knowledge-library/the-encyclopaedia-of-arable-weeds – for weed 
species identification. 

Reporting Character – the botanical name for the two most prevalent weed species identified 
during ground cover assessment   

Author/s (for 
questions) 

LPK, OW 

6.6.3 Foliar disease severity and identification in wheat  
 

WP1 Priority 2 

WP2 Priority 1 

WP3 Priority  

WP4 Priority 1 

WP5 Priority  

WP6 Priority  

Relevant to WPs 1, 2, 4 

General 
description 

Disease or symptoms of cereal foliar pathogen infection quantified by visual assessment 
(pathogen identification and severity) 

Type Non-crop biodiversity 

Plant species Cereal species only 

Sampling level All treatments (which include cereals) per replicate block 

Scale Subplot (10 cereal plants per plot) 

Method Disease severity recorded as proportion non-green leaf area (NGLA %) per leaf layer. Leaf 
layer 1 corresponds to the top/youngest fully expanded leaf. Disease scoring is mostly 
interesting for leaf layers that have at least some green area (completely brown or 
senescent leaves should not be assessed), generally 4 leaf layers if possible. Often one or 
several leaf layers have no symptoms (mostly early in the season), which makes scoring 
quick for these leaf layers. With less than 3 leaf green layers the interest of scoring 
disease is often limited. Foliar disease severity assessment should be performed a 
minimum of 3 times during the season (see timing for more information). 
 
For visual assessment of disease severity, the exercise is to estimate the proportion of 
the leaf which is covered by symptoms (this means we need to be able to recognize 
symptoms – pathogen identification). Per plot, 10 plants (randomised selection pattern 
across the entire plot) are selected with a minimum of 3 individual/separate leaf levels 
(top, second and third leaf layer) to be examined. Per leaf layer, the proportion of non-
green leaf area (%), as well as identification of main and secondary (if present) pathogen 
should be noted. Should the pathogen symptoms not be clear (e.g. older symptoms with 
no sporulation making identification difficult), then the non-green leaf area should be 
assessed and pathogen should be noted as „NA“. Senescence can also be noted as non-
green leaf percentage and identified as „NA“ if disease symptoms are not clearly 
identifiable (generally occurs later in the season) or when several diseases are present 
with a high pressure and symptoms are difficult to distinguish.  
Plant height/length of both the assessed cereal plant and directly neighbouring legume 
plant (see 6.2.5) should be measured for each assessed cereal plant per plot. 
Please find visual keys in Appendix 8.12 to help in visual assessment of disease severity. 
Additionally, aids for cereal pathogen identification can be found in the same appendix 
section, in the reference suggestions of this protocol and on the collaborative platform.  

https://ahdb.org.uk/knowledge-library/the-encyclopaedia-of-arable-weeds
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Timing The first foliar disease assessment should coincide with the first vegetative biomass cut 
(cereal BBCH 25-29) and occur at 2/3 week intervals after the first initial assessment date. 
E.g. Second assessment date at cereal BBCH 35-45, third assessments date at cereal BBCH 
55 (heading) and the next to coincide with the second vegetative biomass cut (BBCH 65). 
In addition to the foliar disease assessment, plant height of both the cereal plants and 
neighbouring legume plant (10 per plot) should be measured.  

Repetition Repeated measurements with intervals of 2/3 weeks starting with the first vegetative 
biomass cut at cereal BBCH stage 25-29 (see section above). 

Reporting Integer (0-100 %). Report NGLA % per leaf layer per cereal plant (10 per plot). Character 
- Latin name of identified main and potentially secondary foliar pathogen per leaf level 
and per plant. Numeric - report plant height to nearest centimetre (up to end of tiller not 
including spikes/awns at later growth stages for cereals) for each cereal and directly 
neighbouring legume plant (10 per species and plot). 

References https://ahdb.org.uk/knowledge-library/encyclopaedia-of-cereal-diseases - for foliar 
pathogen identification. 
https://www.youtube.com/watch?v=AbL7j7OkWE0 - How to score disease symptoms in 
wheat 
James, W.C. (1971). An illustrated series of assessment keys for plant diseases, their 
preparation and usage. Canadian Plant Disease Survey, 51: 2. https://phytopath.ca/wp-
content/uploads/2014/10/cpds-archive/vol51/CPDS_Vol_51_No_2_(39-65)1971.pdf 
See Appendix 8.12 for further visual aids on leaf layers and estimating non-green leaf 
values depending on pathogen symptoms 

Author/s (for 
questions) 

ML, TV, OW 

6.6.4 Herbivory (Sitona lineatus – pea leaf weevil) 
 

WP1 Priority 2 

WP2 Priority 1 

WP3 Priority  

WP4 Priority  

WP5 Priority  

WP6 Priority  

Relevant to WPs 1, 2 

General 
description 

Herbivory has a considerable negative impact on crops worldwide and results from the 
feeding of a wide range of herbivores. Herbivory in the form of grazing by arthropods 
results in full or partial loss of leaf area, which can affect photosynthesis and growth.  

Type Non-crop biodiversity 

Plant species Legume species only 

Sampling level All treatments (which include legumes) per replicate block 

Scale Subplot (10 legume plants per plot) 

Method In order to estimate leaf herbivory of the pea leaf weevil (Sitona lineatus), the number of 
„U-shaped“ notches per leaf layer per plant at BBCH 13 (3 leaves unfolded) should be 
counted. Please note that the pea leaf weevil, despite its name, is also active in faba bean 
and other legumes. 

Timing Early in the season at BBCH 13 for legumes. 

Reporting Numeric - Report mean number of counted notches per leaf level (3 leaf levels) per plot 
(mean number of notches for each leaf level from 10 assessed plants). 

https://ahdb.org.uk/knowledge-library/encyclopaedia-of-cereal-diseases
https://www.youtube.com/watch?v=AbL7j7OkWE0
https://phytopath.ca/wp-content/uploads/2014/10/cpds-archive/vol51/CPDS_Vol_51_No_2_(39-65)1971.pdf
https://phytopath.ca/wp-content/uploads/2014/10/cpds-archive/vol51/CPDS_Vol_51_No_2_(39-65)1971.pdf
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References https://www.alberta.ca/pea-leaf-weevil-overview.aspx - General information on the pea 
leaf weevil 
http://prairiepestmonitoring.blogspot.com/2017/05/weekly-update-may-18-2017-wk-
03-pea.html - Visual reference to damage (also available in Appendix 8.13) 
https://academic.oup.com/jee/article/114/4/1597/6280946?login=true – for threshold 
level discussion in faba bean 

Author/s (for 
questions) 

OW 

6.6.5 Herbivory (Cydia nigricana - pea moth, Bruchus pisorum - pea weevil and 
Bruchus rufimanus - faba bean weevil) 

 

WP1 Priority 2 

WP2 Priority 1 

WP3 Priority  

WP4 Priority  

WP5 Priority  

WP6 Priority  

Relevant to WPs 1, 2 

General 
description 

Herbivory has a considerable negative impact on crops worldwide and results from the 
feeding of a wide range of herbivores. Herbivory in the form of adult grazing or larval 
feeding by arthropods results in losses of grain yield and grain quality.  

Type Non-crop biodiversity 

Plant species Legume species only 

Sampling level All treatments (which include legumes) per replicate block 

Scale Subsample of the harvested legume grain 

Method In order to estimate the severity of damage by the following legume pests Cydia 
nigricana (pea moth), Bruchus pisorum (pea weevil) and Bruchus rufimanus (faba bean 
weevil), the number of damaged legume grains from a subsample of 100 grains (from the 
plot harvest) are counted in order to calculate the proportion of damaged grains (%). 
Please note that for pea, damage by pea moth and pea weevil should be identified 
separately. For faba bean, only damage by the faba bean weevil is to be recorded (see 
Appendix 8.14 for identification of damage by the different pests).   

Timing Post-harvest 

Reporting Integer (0 -100 %). Report the percentage of damaged legume grains (number of 
damaged grains/100) for either pea or faba bean. Please note that for pea, damaged 
grains from both the pea moth larvae or pea weevil should be reported separately. 

References https://www.agric.wa.gov.au/pest-insects/management-pea-weevil – quick reference 
on pea weevil 
https://link.springer.com/chapter/10.1007/978-94-011-1490-5_23 – quick reference on 
the pea moth 

Author/s (for 
questions) 

OW 

 
  

https://www.alberta.ca/pea-leaf-weevil-overview.aspx
http://prairiepestmonitoring.blogspot.com/2017/05/weekly-update-may-18-2017-wk-03-pea.html
http://prairiepestmonitoring.blogspot.com/2017/05/weekly-update-may-18-2017-wk-03-pea.html
https://academic.oup.com/jee/article/114/4/1597/6280946?login=true
https://www.agric.wa.gov.au/pest-insects/management-pea-weevil
https://link.springer.com/chapter/10.1007/978-94-011-1490-5_23
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6.6.6 Pollinators (flower visitors) 
 

WP1 Priority 2 

WP2 Priority 2 

WP3 Priority  

WP4 Priority  

WP5 Priority  

WP6 Priority  

Relevant to WPs 1, 2 

General 
description 

Visitation and activity rates of insects (bees, flies, butterflies etc.) in dicot flowers are 
important indicators of pollination potential.  

Type Non-crop biodiversity 

Plant species Legume and weed species  

Sampling level All treatments (may include weed flower visits) per replicate block 

Scale Subplot (total area of 1m2) 

Method In each plot, a 1 m x 1 m area is demarcated clearly (see Appendix 8.15) and observed for 
a defined period (e.g. five minutes). An observer sits or stands in a comparable position 
right next to each area and records all insects visiting flowers within it. Observations are 
assigned to insect groups, and if possible, also the visited crop or weed species (please 
find an example of a monitoring sheet in Appendix 8.16). Record date, time, and weather 
conditions during the assessment. Observations should be restricted to calm, wind-less 
days which are warm (>17 ˚C) and sunny (less than 50 % cloud cover) conditions.  

Timing During peak flowering of the legume species (BBCH 65) 

Reporting Integer - Report the number of flower visitors per insect visitor group per plot. 

References See example of monitoring sheet in Appendix 8.16. 

Author/s (for 
questions) 

OW 
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7. Field calendars 
 
Please find the full field calendars for both WP2 only and WP2+WP3 on the collaborative platform 
(WP2/Protocol Handbook). 

7.1 WP2 
 

Category Timing Assessment name 
Protocol 
chapter 

Technical 
management and 
other information 

Information on 
experimental site 

Field name 

3.1 

Personnel involved in experiment 

Geolocation of experimental field 

Experimental design incl. no. of replicates 

Management system 

Pre-sowing 
 

Type of preceding crop (main preceding crop) 

3.2 

Date of preceding crop residue incorporation 

Type of organic residues of preceding main crop 
incorporated  

Date of amendment/fertilizer applications for 
preceding main crop  

Type of amendment/fertilizer applied to preceding 
main crop 

Amount of fertilizer applied to preceding main crop 

Type of preceding cover crop 

Sowing date of preceding cover crop 

Type of amendments/fertilizer for preceding cover 
crop 
Amount of fertilizer/amendments for preceding cover 
crop 

Date of preceding cover crop incorporation 
Type of organic residues of the cover crop 
incorporated 

07 
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Mixing of seeds, crop/IC-specific treatment of seeds 

Adjustment of sowing machine for the specific crop/IC 
Soil parameters Before sowing Soil characterisation 5.1.1 

Technical 
management and 
other information 

At sowing 

Date of sowing  

3.3 

Depth of sowing (cm) 

Sowing density (germinable seeds per m2) 

Germination rate 

Thousand grain weight at sowing 

Inter-row distance (cm) 

Row orientation  
Sowing pattern (within-row, alternate row, strip 
cropping etc.) 
Type of crop species 

Additional operation (if any) for sowing IC 

Soil parameters 

Before sowing 
and between 
sowing and 
emergence 

Soil texture (5 fractions) 5.3.3 

Stone and gravel (%) 5.2.5 

Soil bulk density 5.2.5 

CaCO3 5.3.4 

Soil organic C + N 5.3.5 

Soil CEC 5.3.7 

Soil pH 5.3.6 

Soil water/moisture content 5.3.1 

Soil Nmin (NO3 + NH4) 5.3.2 

Soil Olsen P  5.3.8 

Soil available K, Mg 5.3.9 

Morphology 
After sowing 

Plant count (emergence) 6.2.1 

Non-crop diversity Herbivory by (Sitona lineatus (L.) - pea leaf weevil) 6.6.4 

Morphology 

After winter 

Plant count (overwintering of legumes) 6.2.1 

Soil parameters 
Soil Nmin (NO3 + NH4) 5.3.2 

Soil water/moisture content 5.3.1 

Technical 
management and 
other information 

Dependent on 
crop species  

Fungicide/pesticide application date 

3.4 

Fungicide/pesticide product (active ingredient) 

At fertilization/ 
irrigation 

Date of N fertilization 

Date of fertilization with other nutrients  

Amount of N-fertilizer for each treatment  

Amount of additional nutrient application 

Type of N-fertilization  

Type of additional fertilizer  

Localization of N fertilizer 

Localization of additional fertilizer amendments  

In case of fert-irrigation  
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Date of irrigation (see case of fert-irrigation above) 

Amount of water for each date of irrigation (mm)  

Type of irrigation  

Non-crop diversity 

Before weeding/ 
during cereal 

tillering 

Main weed species identification 6.6.2 

Morphology 
Ground cover (crops and weeds) 6.2.2 

Vegetative biomass cuts (cereal, legume and weeds) 
6.2.7 + 
6.6.1 

Physiology Biomass nitrogen content (destructive)  6.3.1 

Soil parameters 
Soil water/moisture content 5.3.1 

Soil Nmin (NO3 + NH4) 5.3.2 

Non-crop biodiversity Cereal foliar disease assessment 6.6.3 

Morphology Plant length 6.2.5 

Technical 
management and 
other information 

At weeding 

Herbicide application date 

3.4 

Herbicide product (active ingredient) 

Herbicide spraying pattern  

Date/s of mechanical/manual weeding 

Tools/machinery used for mechanical/manual 
weeding 
Depth of mechanical/manual weeding (cm) 

Mechanical/manual weeding pattern 

Additional operation (if any) for weed control in IC 

Non-crop biodiversity 

During cereal 
elongation 

Cereal foliar disease assessment 6.6.3 

Plant length 6.2.5 

At heading 

Date of heading 6.1.2 

Cereal foliar disease assessment 6.6.3 

Plant length 6.2.5 

Morphology 

At cereal/legume 
flowering 

Lodging 6.2.8 

Vegetative biomass cuts (cereal, legume and weeds) 6.2.7 

Physiology Biomass nitrogen content (destructive)  6.3.1 

Soil parameters 
Soil water/moisture content 5.3.1 

Soil Nmin (NO3 + NH4) 5.3.2 

Non-crop biodiversity 

Cereal foliar disease assessment 6.6.3 

Plant length 6.2.5 

Flower visitors (pollinators) 6.6.6 

Morphology 

Pre-harvest 
(cereal maturity) 

Canopy height 6.2.6 

Lodging 6.2.8 

Reproductive biomass cuts (cereal, legume and 
weeds) 

6.4.1 

Physiology 

Grain nitrogen content (destructive) 6.5.5 

Biomass nitrogen content (destructive)  6.3.1 

Grain nutrient composition 6.5.6 

Biomass residue nutrient composition 6.3.2 
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Soil parameters 
Soil water/moisture content 5.3.1 

Soil Nmin (NO3 + NH4) 5.3.2 

Technical 
management and 
other information 

At harvest 

Date of harvest 

3.5 Criteria for harvest decision 

Additional operation (if any) for harvesting IC 

Yield and post-
harvest 

Post-harvest 

Grain yield 6.5.1 

Seed sorting 6.5.2 

Seed weight (thousand grain weight) 6.5.3 

Hectolitre mass (Test weight) 6.5.4 

Non-crop diversity Herbivory (post-harvest damage to legumes) 6.6.5 

Technical 
management and 
other information 

Additional operation (if any) for post-harvest handling 
of IC 

3.6 
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7.2 WP2 + WP3 Task 3.1 and 3.2 
 

Category Timing Assessment name 
Protocol 
chapter 

Technical 
management and 
other information 

Information on 
experimental 

site 

Field name 

3.1 

Personnel involved in experiment 

Geolocation of experimental field 

Experimental design incl. no. of replicates 

Management system 

Pre-sowing 

Type of preceding crop (main preceding crop) 

3.2 

Date of preceding crop residue incorporation 

Type of organic residues of preceding main crop 
incorporated  

Date of amendment/fertilizer applications for 
preceding main crop  

Type of amendment/fertilizer applied to preceding 
main crop 

Amount of fertilizer applied to preceding main crop 

Type of preceding cover crop 

Sowing date of preceding cover crop 

Type of amendments/fertilizer for preceding cover 
crop 
Amount of fertilizer/amendments for preceding cover 
crop 

Date of preceding cover crop incorporation 
Type of organic residues of the cover crop 
incorporated 

Mixing of seeds, crop/IC-specific treatment of seeds 

Adjustment of sowing machine for the specific crop/IC 

Soil parameters 
Before sowing 

Soil characterisation 5.1.1 

GHG emissions GHG chambers setting 5.1.2 

Technical 
management and 
other information 

At sowing 

Date of sowing  

3.3 

Depth of sowing (cm) 

Sowing density (germinable seeds per m2) 

Germination rate 

Thousand grain weight at sowing 

Inter-row distance (cm) 

Row orientation  

Sowing pattern (within-row, alternate row, strip 
cropping etc.) 

Type of crop species 

Additional operation (if any) for sowing IC 

Soil parameters Soil texture (5 fractions) 5.3.3 
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Before sowing 
and between 
sowing and 
emergence 

Stone and gravel (%) 5.2.5 

Soil bulk density 5.2.5 

CaCO3 5.3.4 

Soil organic C + N 5.3.5 

Soil CEC 5.3.7 

Soil pH 5.3.6 

Soil water/moisture content 5.3.1 

Soil Nmin (NO3 + NH4) 5.3.2 

Soil Olsen P  5.3.8 

Soil available K, Mg 5.3.9 

Soil infiltrability 5.2.3 

VESS analysis 5.2.4a 

Macrofauna 5.2.4b 

Soil POXC 5.3.10 

GHG emissions Dynamic N2O measurements 5.1.2 

Morphology 
After sowing 

Plant count (emergence) 6.2.1 

Non-crop diversity Herbivory by (Sitona lineatus (L.) - pea leaf weevil) 6.6.4 

Morphology 

After winter 

Plant count (overwintering of legumes) 6.2.1 

Soil parameters 
Soil Nmin (NO3 + NH4) 5.3.2 

Soil water/moisture content 5.3.1 

Technical 
management and 
other information 

Dependent on 
crop species 

Fungicide/pesticide application date 

3.4 

Fungicide/pesticide product (active ingredient) 

At fertilization/ 
irrigation 

Date of N fertilization 

Date of fertilization with other nutrients  

Amount of N-fertilizer for each treatment  

Amount of additional nutrient application 

Type of N-fertilization  

Type of additional fertilizer  

Localization of N fertilizer 

Localization of additional fertilizer amendments  

In case of fert-irrigation  

Date of irrigation (see case of fert-irrigation above) 

Amount of water for each date of irrigation (mm)  

Type of irrigation  

Non-crop diversity 

Before weeding/ 
during cereal 

tillering 

Main weed species identification 6.6.2 

Morphology 
Ground cover (crops and weeds) 6.2.2 

Vegetative biomass cuts (cereal, legume and weeds) 
6.2.7 + 
6.6.1 

Physiology Biomass nitrogen content (destructive)  6.3.1 

Soil parameters 
Soil water/moisture content 5.3.1 

Soil Nmin (NO3 + NH4) 5.3.2 
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Non-crop biodiversity Cereal foliar disease assessment 6.6.3 

Morphology Plant length 6.2.5 

Technical 
management and 
other information 

At weeding 

Herbicide application date 

3.4 

Herbicide product (active ingredient) 

Herbicide spraying pattern  

Date/s of mechanical/manual weeding 

Tools/machinery used for mechanical/manual 
weeding 

Depth of mechanical/manual weeding (cm) 

Mechanical/manual weeding pattern 

Additional operation (if any) for weed control in IC 

Non-crop biodiversity 

During cereal 
elongation 

Cereal foliar disease assessment 6.6.3 

Plant length 6.2.5 

At heading 

Date of heading 6.1.2 

Cereal foliar disease assessment 6.6.3 

Plant length 6.2.5 

Morphology 

At 
cereal/legume 

flowering 

Lodging 6.2.8 

Vegetative biomass cuts (cereal, legume and weeds) 6.2.7 

Physiology Biomass nitrogen content (destructive)  6.3.1 

Soil parameters 
Soil water/moisture content 5.3.1 

Soil Nmin (NO3 + NH4) 5.3.2 

Non-crop biodiversity 

Cereal foliar disease assessment 6.6.3 

Plant length 6.2.5 

Flower visitors (pollinators) 6.6.6 

Soil parameters Soil bulk density 5.2.5 

GHG emissions Dynamic N2O measurements 5.1.2 

Morphology 

Pre-harvest 
(cereal maturity) 

Canopy height 6.2.6 

Lodging 6.2.8 

Reproductive biomass cuts (cereal, legume and 
weeds) 

6.4.1 

Physiology 

Grain nitrogen content (destructive) 6.5.5 

Biomass nitrogen content (destructive)  6.3.1 

Grain nutrient composition 6.5.6 

Biomass residue nutrient composition 6.3.2 

Soil parameters 

Soil water/moisture content 5.3.1 

Soil Nmin (NO3 + NH4) 5.3.2 

Soil infiltrability 5.2.3 

VESS analysis 5.2.4a 

Macrofauna 5.2.4b 

Soil POXC 5.3.10 

Soil pH 5.3.6 
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Soil Olsen P  5.3.8 

Soil available K, Mg 5.3.9 

Soil bulk density 5.2.5 

GHG emissions Dynamic N2O measurements 5.1.2 

Technical 
management and 
other information 

At harvest 

Date of harvest 

3.5 Criteria for harvest decision 

Additional operation (if any) for harvesting IC 

Yield and post-harvest 

Post-harvest 

Grain yield 6.5.1 

Seed sorting 6.5.2 

Seed weight (thousand grain weight) 6.5.3 

Hectolitre mass (Test weight) 6.5.4 

Non-crop diversity Herbivory (post-harvest damage to legumes) 6.6.5 

Technical 
management and 
other information 

Additional operation (if any) for post-harvest 
handling of IC 

3.6 Type of follow-on crop 

Date of sowing (follow on crop) 

Sowing density (germinable seeds/m2) 

GHG emissions Follow-on crop Dynamic N2O measurements 5.1.2 
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8. Appendix 

8.1 Beerkan method for soil infiltrability 
  

a. Graphical abstract of the method (see section 5.2.3 for more details) 
  
Principle: determining soil water infiltration rate (mm of water infiltrated per hour) at soil saturation 
(corresponding to the slowest infiltration rate) 

  

ü What is actually measured with this method?  

 
 

  

ü What are the main steps in the field? 
  

 

 
Step 1: cylinder set up 
 
- Insert the cylinder into soil (at about 1 cm-depth) 

- Remove dead litter within the cylinder 

- Look for any lateral leaks 

08 
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Step 2: repeated infiltration duration measurements 
 
- Pour the bottle on a plastic-protected surface 

- Remove the plastic and start the timer 

- Note the time taken for all water to infiltrate Repeat until 

getting 3 times the same value 

 

ü How to deduce soil infiltrability from the data collected? 
 
See the excel calculation file available on the following Alfresco folder: WP2/Protocol Handbook. 
 

Soil infiltration rate (mm . h-1) = 
  ȢȢ
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b. Template measuring sheet (to be printed) 
 

Plot ID#1  Plot ID#2 

Date of 
measure 

Quantity of water infiltrated Infiltration duration  
Date of 

measure 

Quantity of water infiltrated Infiltration duration 

Water 
bottle n° 

Volume 
infiltrated 

(cL) 

Water height 
infiltrated 

(mm) 
minutes secondes  

Water 
bottle n° 

Volume 
infiltrated 

(cL) 

Water height 
infiltrated 

(mm) 
minutes secondes 

  

1 31.4 10      

  

1 31.4 10     

2 31.4 10      2 31.4 10     

3 31.4 10      3 31.4 10     

4 31.4 10      4 31.4 10     

5 31.4 10      5 31.4 10     

6 31.4 10      6 31.4 10     

7 31.4 10      7 31.4 10     

8 31.4 10      8 31.4 10     

9 31.4 10      9 31.4 10     

10 31.4 10      10 31.4 10     

Infiltration duration at constant 
regime 

     
Infiltration duration at constant 

regime 
    

             

             

Plot ID#3  Plot ID#4 

Date of 
measure 

Quantity of water infiltrated Infiltration duration  
Date of 

measure 

Quantity of water infiltrated Infiltration duration 

Water 
bottle n° 

Volume 
infiltrated 

(cL) 

Water height 
infiltrated 

(mm) 
minutes secondes  

Water 
bottle n° 

Volume 
infiltrated 

(cL) 

Water height 
infiltrated 

(mm) 
minutes secondes 

  

1 31.4 10      

  

1 31.4 10     

2 31.4 10      2 31.4 10     

3 31.4 10      3 31.4 10     

4 31.4 10      4 31.4 10     

5 31.4 10      5 31.4 10     

6 31.4 10      6 31.4 10     

7 31.4 10      7 31.4 10     

8 31.4 10      8 31.4 10     

9 31.4 10      9 31.4 10     

10 31.4 10      10 31.4 10     

Infiltration duration at constant 
regime 

     
Infiltration duration at constant 

regime 
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8.2 Visual Evaluation of Soil Structure (VESS) - Analysis Scoring Sheet 
 

Date:    Assessor:         Location:     Site details: 
 

Sample 
number 

Treatment Replicate 
Overall 
block 

depth (cm) 

Depth of 
1st (top) 

layer (cm) 

Sq score of 
1st layer 

Depth of 2nd 
layer (cm) 

Sq score of 
2nd layer 

Depth of 3rd 
(bottom) 

layer (cm) 

Sq score of 
3rd layer 

Overall Sq 
score for 

block* 
Notes** 

                        

                        

                        

                        

                        

                        

                        

*Block score = ((thickness of first layer) x (score of first layer)/overall block depth) + ((thickness of second layer) x (score of second layer)/overall block depth) + 
((thickness of third layer) x ((score of third layer)/overall block depth). 
**Notes include comments on the structure, the crop, residues or soil moisture.
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8.3 Bulk density with the water method 
  

a. Graphical abstract of the method (see section 0.b for more details) 
  
Principle: determining soil bulk density (g. cm-3) by digging a small cavity (about 10 cm diameter and 15 
cm height) in the layer of interest. The exact volume of the cavity is deduced from the water volume 
needed to fill the cavity. Soil bulk density is thus calculated as the ratio between the dry soil mass 
excavated from the pit (g dry soil), and the cavity volume (cm3). 

  

ü What are the main steps in the field? 
 
  

 
Step 1: Template set up 

- Select a representative soil surface 

- Remove vegetation and/or dead litter; flatten the surface by 
scrapping 

- Set the template (10 cm inner ø); check the flatness of the 
template with a level, then secure it with nails 

 

Step 2: Digging the cavity 

- Dig a cavity as regular as possible, homogeneously in depth 

- Collect all the soil excavated in a labelled sample bag, without 
losing any soil in the process 

- Weight the total weight of soil excavated with a field scale 

- Subaliquot about 20-30 g of soil in a labelled, hermetically sealed 
bag for water content analysis in the lab 

 Step 3: measure the volume of the cavity 

- Apply a plastic bag so that it presses against the cavity walls 

- Pour water with a graduated cylinder into the cavity, until the 
surface level 

- Note the total volume of water poured to fill the cavity 

- Check the lower and upper depth of the cavity, note it on the field 
datasheet 
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ü What are the main steps in the laboratory? 
  

 

Step 1: Separate and weight the two fractions 

- Sieve the total soil mass sampled in the field at 2 mm, while being 
careful to not lose any soil, to separate the stones fraction (which 
did not pass through the 2 mm sieve) from the fine soil fraction (< 2 
mm). 

- Clean the stones with water, dry both fractions in a ventilated oven 
at 105°C until a constant mass is reached (after at least 48h, see the 
section 2.3.3.1 for more details). Weight the two fractions. 

 

 

Step 2: Assess the stones density 

- Take a representative subset of stones, weigh them. 

- Fill a burette with a known volume of water, note the initial volume 
poured 

- Immerse the stones in the burette, note the new water volume 
after the immersion of stones. 

ü How to deduce soil bulk density from the data collected? 
 
See the excel calculation file available on the following Alfresco folder: WP2/Protocol Handbook 
 

Soil bulk density fine soil (g . cm-3) = 
      

      
  

  Ȣ

                  

 

where stone density is estimated on the subset immersed in the burette as: 

Stones density (g . cm-3) =  
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b. Template measuring sheet (to be printed) 
 

Sample ID Field measurement 
Soil dry mass determination in the 

laboratory 

Stone density determination in the 
laboratory 

Sampling 
date 

Depth 
sampled 

Plot ID 
Water volume 

poured cavity (mL) 

Fine soil (< 2 mm) 
dry mass (g) 

Stones fraction (> 2 
mm) dry mass (g) 

Stone mass (g) 

Water volume moved 
after stones immersion 

(mL) 
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8.4 Identifying adult and juvenile earthworms 
  
Adult earthworms have a clearly developed saddle (reproductive ring), and juveniles do not. You may 
need to rinse worms with water to determine if a saddle is present. Size is not a good indicator of maturity 
as adult earthworms typically range in size from 2 cm to 15 cm, depending on species. 
 

 

8.5 BBCH growth stages 
 
The growth stages for all crop species run from 0 (dry seed) to 99 (harvested product). Here a quick 
overview of the major growth stages and their representative coding. Please find the entire BBCH 
monograph on the collaborative platform for all crop species. 
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8.6 Plant count (field emergence and overwintering) 
 
Here an example of plant counting after winter to estimate overwintering in the legume crop (pea) in an 
intercrop. The plant count method using a ruler within row has been used and only the number of pea 
plants are to be counted. 
 

 
 

Here the plant count within the legume (pea) sole crop treatment. The legumes are already quite long 
and the individual plants have already branched, so pay special attention to ensure that you are 
counting single plants and not individual branches on a plan (see following photo). 
 

 

© OW 

© OW 
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Here an illustration of how the legume plants may already have branched, so ensure that only single 
plants are counted. Additionally, the legumes may be quite long and may need to be disentangled to 
ease counting. 

 

 

8.7 Ground cover 
 
Assessing ground cover at cereal BBCH 25-29 using a specially made quadrat. The additional wires across 
the quadrat divide the quadrat into four, each representing 25%. This may help the assessor to make a 
more accurate assessment. Ground cover of both crop species and weeds should be included in the 
assessment. 
 

 

© OW 

© OW 
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8.8 Lodging 
 
Example of lodging in a field pea sole crop treatment 
 

 
 

Lodging in wheat during the ripening stages. 
 

 

© LPK 

© OW 
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8.9 Harvesting of subplots for biomass cuts 
 
Harvested subplot of faba bean for vegetative biomass assessment, using an open metal frame, cutting 
at ground level and also removing all weed plants.  
 

 
 

Harvesting wheat in a sole crop treatment using a ruler/measuring stick of a given length and cutting a 
number of rows to reach the determined area to be harvested. The plants are cut as close to the ground 
as possible (ca. 1.5cm) 
 

 

© LPK 

© OW 
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8.10  Equipment for seed sorting of plot samples 
 
Threshing machine for small-scale threshing of manually harvested material (reproductive biomass cuts).  
 

 
 
Sample cleaner to remove debris from seed material.  
 

 
 

  

© CS 

© CS 
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Small-scale air screen cleaner used for fractionation of mixed seed lots. 
 

 
Example fractionation of mixed pea and barley seeds using various sieve sizes and shapes. 
 

 
  

© LPK 

© Westrup A/S 
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8.11  Test weight 
 
Description of the various equipment available to assess test weight (see Manley et al. 2009). 
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8.12  Foliar disease in wheat (severity and identification)  
 
Illustration of the various cereal leaves and abbreviations to be used when assessing foliar disease 
severity. Later in the season as senescence occurs, fewer leaves can be assessed. A minimum of 3 leaves 
per plant should be assessed at each date (F, F-1 and F-2). 
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Some examples of assessing severity of foliar pathogens in percentage as non-green leaf area. Please note 
that depending on the pathogen, symptoms may differ making severity assessment more challenging (see 
James, 1971). 
 

 
 
 
 



 
 
 
 
 
  
 

 

106 

 

 

 
 
Rust severity estimation on leaves (Roelfs et al. 1992). 
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Main wheat foliar pathogens 
 
Here typical symptoms on wheat caused by stripe or yellow rust Puccinia striiformis. For more examples 
on wheat foliar diseases, please refer to the references in the protocol (see 6.6.3). 
 

 
 

Below the typical symptoms caused by brown leaf rust Puccinia triticina on wheat (left), barley (middle) 
and rye (right). See the AHDB Encyclopaedia of cereal diseases for more photos and information (see 
6.6.3). 

 
 
 
 
 
 
  

© OW 
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Typical symptoms caused by Blumeria graminis f. sp. tritici  (wheat and triticale) or commonly known as 
powdery mildew. See the AHDB Encyclopaedia of cereal diseases for more photos and information (see 
6.6.3). 
 

 
 
Symptoms caused by Zymoseptoria tritici (teleomorph Mycosphaerella graminicola) – formerly known 
as Septoria tritici or Septoria blotch. 
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Typical lesions caused by Pyrenophora tritici-repentis (Drechslera tritici-repentis), commonly known as 
tan spot. See the AHDB Encyclopaedia of cereal diseases for more photos and information (see 6.6.3). 

 
  



 
 
 
 
 
  
 

 

110 

 

8.13  Herbivory by the pea weevil – Sitona lineatus 
 
Assessment for damage by the pea weevil should be performed at legume BBCH 13 in all legume species 
(depending on whether weevil is present in partner country). 
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8.14 Herbivory in legume grain - pea moth, pea weevil and faba bean 
weevil 

 

 
 

 
 

 
 
  

Typical symptoms of 
herbivory by the pea moth 

Typical symptoms of 
herbivory by the pea weevil 

Typical symptoms of 
herbivory by the faba bean 
weevil 
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8.15  Monitoring pollinators 
  
Demarcation of a 1m x 1m area for insect observation, using two a carpenter’s ruler assembled with 
adhesive tape. 
 

 
 

  

© JB 
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8.16  Monitoring sheets for flower visitors 
 
Example combining information on visitor species and plant (crop or weed) species, which can be adapted 
depending on partner site:  
 

Plot (e.g. A1): Date: Time:  Weather:   

(see plot numbering 

on Design sheet) 

           

 Flo wers 

 

  

 

Visitor 

groups 

 

 
 

 

 

Plant species Cover 

(%) 

Number Syrphidae 

(Hoverfly) 

Brachycera 

(Flies) 

Coleoptera 

(Beetles) 

Lepidoptera Heteroptera Vespinae 

(Wasps) 

Wild Bee Honey 

Bee 

Bumble 

Bee 

Vicia faba            

Triticum 

aestiuvm 

           

Pisum sativum            

Hordeum 

vulgaris 

           

Amaranthus 

hybridus 

           

Anagallis 

arvensis 

           

Atriplex patula            

Brassica napus            

Capsella bursa-

pastoris 

           

Chenopodium 

album 

           

Chenopodium 

polyspermum 

           

Cirsium arvense            

Daucus carota            

Echinochloa 

crus-galli 

           

Equisetum 

arvense 

           

Euphorbia 

exigua 

           

Fallopia 

convolvulus 

           

Fumaria 

officinali 

           

Galinsoga ciliata            

Galinsoga 

parviflora 
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Galium aparine            

Lamium 

purpureum 

           

Matricaria 

chamomilla 

           

Matricaria 

inodora 

           

Myosotis 

arvensis 

           

Persicaria 

maculosa 

           

Phacelia 

tanacetifolia 

           

Plantago major            

Poa annua            

Polygonum 

aviculare 

           

Polygonum 

lapathifolium 

           

Raphanus 

raphanistrum 

           

Senecio vulgaris            

Solanum nigrum            

Sonchus asper            

Sonchus 

oleraceus 

           

Stellaria media            

Trifolium repens            

Triticum 

aestivum 

           

Veronica persica            

Viola arvensis            



 
 
 
 
 

 
 
 
  

 

 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 

 
 
 
 

 


