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Preface

The research themes soil quality and su  stainable arable farming request  a long time span . It
is impressing that SPNA and the involved stakeholders have been able to run a nine -year
project on organic arable farming base on 100% own nitrogen supply by leguminous plants,
developing and documentin g the system. This repo rt evaluates these nine years and shows
insight in the potency of this system with Cut&Carry fertilizer as essential but not one and only
component of the success.

After nine years there are still questions left, but the most important questions about nitrogen
and soil organic matter are largely answered.

The next step could be the transformation into a regional circular demonstration farm by in-
troducing the input of regional residual organic supplies like compost and bokashi. In that
way, the other plant nutrients beside nitrogen are brought into a more circular system.

There is another argument to maintain this Planty Organic experimental field. It is one of the

few places in the Netherlands where production is realised on pur e plant -based fertilizer ap-
plications. A market for these products is hardly there, but considering the developments in
society a market could come into |life as a 6plusdé on
already a well -documented farm able and will ing to share knowledge and experience, be-

side other initiatives with pure plant -based fertilizers in the Netherlands.

At the moment of publishing this report, it is unknown whether the experiment can be con-

tinued or not. So therefor: offer your assistance to maintain this unique experimental field!
Hero Havenga

Chairman Biowerk Foundation , initiator of Planty Organic.

Thisrep ort is a deliverable fromthe POP3-pr oj ect ©6St i k ,

financed by the EU Brancheorganisatie Akkerbouw  and Fries-

land province via SNN.
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Summary

Methodology

Situated on the SPNA experimental farm Kollumerwaard, from 2012 up to 2020 the Planty Or-
ganic experiment was run: and organi c arable farming system based on 100% nitrogen in-
put by means of leguminous plants. Soil, crops, green manures and Cut&Carry fertilizers

were measured. In 2019 and 2020 six more fields were monitored from the Kollumerwaard
org anic business unit , the Kollumerwaard Conventional business unit and a nearby situated
organic farm, thus enabling system comparisons.

All data were used to create in total 12 field scenarios in the Ndicea App. In case of Planty
Organic, KW Organic and KW Conventional the model sc enarios were good enough to be
transformed into Ndicea scenarios on rotation level. These three scenarios are used to com-
pare results such as input -output, nitrogen losses, nitrogen use efficiency, organic matter dy-

namics and field -internal dynamics.

Reslts

Planty Organic has a high score in N -efficiency and environmental and biodiversity indica-
tors. Productivity is substantially lower than in KW Conventional. The soil organic matter and

the soil organic nitrogen levels are stable in the Planty Organic sy stem. This is a remarkable
result, considering the zero external input in this system.

KW Organic has a middle position. The productivity is in the same order as in Planty Organic,

but beside the arable products grassclover is taken out and manure is broug ht in. This can
be considered as a partly internal flow, enabling animal production elsewhere. The nitrogen
losses (leaching, denitrification, volatilization) are comparable to KW Conventional. KW Or-

ganic is the system in which a small but clear increase i n soil organic matter is realized,

mainly due to the use of solid goat manure.

Hlow-up plans
Itis proposed to continue the trial field, using regional residual streams as inputs to compen-
sate for nutrient runoff with products, with P balance as a guidel ine. Strips will remain unferti-

lized to create sharp contrasts in soil P to enable research on P availability under low or no P

supply.

Nederlands
Dit rapport is ook in het Nederlands beschikbaar, te downloaden van www.spna.nl _ of

www.louisbolk.nl

Deutsch
Dieser Bericht ist auch auf Deutsch verflgbar, zu downloaden von www.spna.nl _oder

www.louisbolk.nl

Summary
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http://www.louisbolk.nl/
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conventional manure in the organic farming practice. The idea came to life to

thin

Introduction

Background , targets and con

t he

ditions

far mer s 0, in2818 thecqueation rasa hoB o redueedhe input of

create on

one of the organic maintained fields of the SPNA experimental farm Kollumerwaard a sepa-

rate rotation based on bio
t he

project OPlanty

input has been broughtin.

The following assumptions are used

The overall question was to explore the potential of such a system

Organi c

logically fixed nitrogen only. This was prepared in 2011 and in 2012

started. Af ter t

. Is it executable,

will soil fertility stay st able, what will be the production level, does it perform better on

environmental parameters and biodiversity, what about the economics of this sys-

tem?

Nitrogen will be added to the system by
of leguminous plants. The internal nitrog
imply partly an above
means of Cut&Carry fertilizer (see textri

and partly a soil -bound handover by

(Van der Burgt 2012):

means

en flows

-ground redistribution by

ght side)

the root-

mass of the Cut&Carry fertilizer crop and the use

of leguminous catch  crops. The basic

nevertheless is the mineralisation of the

process

present

and continuously supplemented soil organic

matter.
Phosphate, potassium and other plant n

are abundant in this type of soil

utrients

he

Cut&Carry fertilizers

A Cut&Carry fertilizer is a mixture
of leguminous species or
grassclover mixture harvested as
if it were fodder but used as
6green f@rwiitdhaet
through an animal.  From the per-
spective of NUE Nitrogen Use Effi-
ciency this has several ad-

vantages.

, both in topsoil and second layer. This supply is mobi-

lised. Deep -rooting crops and green manures can mobilise nutrients in topsoil and sec-

ond soil layer and bring them in circulation.

The nitrogen present in the system wi

Il be as much as possible be bound in organic mat-

ter to prevent losses due to leaching and denitrification from inorganic nitrogen. To real-

ise this target , fertilization is done with a green herbal fertilizer with almost no mineral ni-

trogen content (the

in time of growing plants and a green cover in winter.

Soi tillage will hinder the functions of the soil life as little as possible. Reduced

inversion tillage enables to maintain the

farm-internal Cut&Carry fertilize r). The aim is a maximum presence

and non -

different soil layer, thus keeping intact the func-

tionality. GPS -based fixed traffic lanes promote the development of a good soil struc-

ture.
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The farming system want to  fulfil the next targets :
1 100% own nitrogen supply by means of clover, alfalfa and gre en manures.
91 No input of manure or compost
1 Enough plant available nitrogen to realise a good yield and quality of sold crops
1 A sustainable crop rotation, related to soil quality and nitrogen supply.
9 At least maintain the soil organic matter and soil organic nitrogen.
1 A crop rotation and crop choice representative for organic arable farming in the re-

gion.

]

As much as possible winter -green fields.
Alternation of more and less demanding crops as starting point for a multifunction al

crop rotation (Vereijken, 1997. Wijnands, 2000) .

1.2 Crop sequence and fertilization
The crop sequence has been in general the same during these nine years. Since 2015 no
chan ges have occurred and the fertilizer strategy is stabilized. This is shown in  Figurel.

A B C

\ V

Year 1 2 3 4 5 6

Figurel. Crop sequence and fertilization

1,2,13: Leguminous crop mixture ; 3: Pumpkin ; 5/6: Wheat /Field bean ; 8: Winter carrot ; 10:
Oats ; 12: Seed potato

4,9: Green manure without leguminous plants ; 7,11: Green manure mixture with leguminous
plants.

A: Cut&Carry fertilizer , about 20%o0 f | ast y eBithesdne sabautc 80% ; C: the same ,
about 50%.

1.3 Measurement scheme and method

To obtain insight in the dynamics of soil organic matter and soil nitrogen a measurement

protocol has been set up.

1 Allyears, all (6) plots, November: general soil fertility measurement: sampling and

anal ysis by Eurofins Agro, bpunedelte6.Obemestingswijzer
All years, all plots: crop yield (by SPNA), analys is nutrient content (by Eurofins Agro)
All years: yield Cut&Carry fertilizer (by SPNA)en analys is N-P-K (sampling and analysis
by Eurofins Agro)

Introduction 7



1 All years, all plots : Mineral nitrogen (N -min) in 0-30 cm, number depending on crop /
plot/ year. Sampling b y SPNA, analysis in moist or dried soil by EurofinsAgro, SPNAor
Louis Bolk Instituut.

M 2019-2020: yield crop residues (SPNA)and analysisof N-P-K (Eurofins Agro )

1 2019-2020: yield green manures (SPNA)and analysisof N-P-K (Eurofins Agro )

1 2019-2020: nitrate analysis in drainwater, about every two weeks if drains were running.
Sampling by SPNA, analysis by Groen Agro Control.

M October 2019: sampling for soil life analys isby Bioclear Earth.

In 2019-2020 this research was partof the POP3 -pr oj ect o0Sti kstof Telend (Growi
Beside the Planty Organic plots measurements were don e, though less intensive, on two or-
ganic (KW Org) and two conventional (KW Conv) cultivated fields of Kollumerwaard , and
two fields of the adjacent farm Bakker Bio, project partner. This extension enables to a cer-

tain extend a system comparison between Planty Organic, KW Org and KW Conv.
Together with statistical analysis of soil and crop measurements the App Ndicea (Van der
Burgt et al, 2006) was used to require insight in the organic matter and nitrogen dynamics.

From the six Planty Organic and the six added 2019  -2020 fields. Ndicea field scenarios are
created , serving two targets. First, building a quantitative overv iew of the organic matter
and nitrogen dynamics and check the reliability by means of mineral N and organic matter
measured data. Second, create, base d on the field scenarios, a general crop rotation sce-
nario in Ndicea with average input data from the field scenarios. The Planty Organic crop

rotation scenario is the instrument for system evaluation and comparison with those from the

KW Org and KW Conv sy stem.

14 Readersd instruction
In chapter 2 the six Planty Organic field scenarios are presented and quantitatively as-
sessed. After that the other six field scenarios are presented. These are based on
much less measurements and for these the assessment is mere ly qualitative. In the as-
sessment the mineral N and the organic matter measurements play a central role.

1 In chapter 3 the development of the soil is shown and related to a possible relation
with the nutrient content of the crops.

1 Inchapter 4 the crop rot ation scenarios from Planty Organic, KW Org and KW Conv
are described. Also a hypothetical future -oriented scenario is introduced in which the
Planty Organic system is modified by addition of compost base on P -equilibrium.

1 Chapter 5 is aboutthe comparis on of the three systems based on criteria such as in-
put/output, nitrogen use efficiency NUE and field internal processes . Out of this follows
a hypothetical explanation of the high NUE of the Planty Organic system.

1 Inchapter 6 the consequences on the farm economics of a choice for a 100% farm -

own nitrogen input by means of Cut&Carry fertilizer, green manures and leguminous

Evaluation Planty Organic 2012 -2020 & Plant-based fertilizer: nitrogen and organic matter organic matter



crops is briefly described. This analysis is based on the Planty Organic system including
compost input as a mimicry for regional nutri ent cycling

1 Chapter 7 finishes this report with con  clusions and recommendations.

Introduction
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2 Ndicea field scenarios

2.1 General remarks

We used the Ndicea versi on 6 as it can be downloaded from www.ndicea.nl . All the model

default parameter values were used except for two. The first adaptation is the parameter

determining the relation between soil mineral N level and the amount of N -fixation by legu-

minouscrops, i n Ndi c e af inxanteido B tNasabroughtelowd fromI15 to 5 based

on experiences in much other scenarios ((expert judgement G.J. van der Burgt, G. Oomen).

By doing this, the preference for soil -N uptake compared to fixation is increased. The s econd
deviation from the default parameter val uberse-i
duced tillaged. Already after a few years in

results. This is discussed in chapter 4.

The initial values of the three model soil organic matter pools are, in case of the Planty Or-

ganic field scenarios, based on the results of a short Ndicea scenario of the previous years. For

the other field scenarios he Ndicea default values are used. These field scenarios start in 2011
(KW Organic) and in 2016 or 2017 (KW Conventional and Bakker Bio). So, in these scenarios

there are at least two years preceding the measurements in 2019 -2020. This reduces the influ-
ences of uncertainties in the initial values of soil organic matter in the results of 2019 -2020.

All measured data from crops and Cut&Carry fertilization are used. If absent, the Ndicea de-
fault values are used. Measurements of crops and fertilizer can be found in Appendix 1;

those of the soil in Appendix 2.

Local precipita tion data are used. For temperature and evapotranspiration data from the

near by weather station dLauwersoog6 are used.

Topsoil is set at 0-30 cm, and so are the mineral N measurements. Second soil layer is set at

30-60 cm, which is elsewhere discussed

2.2 Con ditions for judgement

For the judgement of the model p erformance several criteria are used:

1 The degree of similarity betwee n measured and simulated values of mineral nitrogen

0-30 cm. For this the RMSE(Wallach and Goffinet, 1989)  has been used .

1 The degr ee of over estimate or underestimate of simulate  d mineral nitrogen com-

pared to measured values.

The number of crops or green manures with a simulated nitrogen shortage.

The degree of similarity between sim ulated and measured values for soil organic nitro-

ge n and soil organic matter.

1 The degree of similarity between a measured increase or decrease of mineral nitro-

gen 0 -30 cm and the simulated changes in mineral nitrogen. This is a qualitative

judgement .

1 The degree of similarity between simulated and measured changes in soil organic

mat ter and soil organic nitrogen.

Evaluation Planty Organic 2012 -2020 & Plant-based fertilizer: nitrogen and organic matter organic matter

S
t

t he
hi s

cho

proj


http://www.ndicea.nl/

Preceding the final judgement three model explorations are done on the six Planty Organic
field scenarios. The first was an increase of maximum rooting depth from 60 cm to 90 cm. This
resulted in marginal changes, and not always with better results. The second was the cali-
bration of a set of soil parameters based on the difference between simulated and meas-

ured mineral nitrogen and soil organic matter (measured once every year). This resuled in
substantial changes in model outcome. Related to RMSE of mineral nitrogen the differences

were small. Related to the change in soil organic matter a big discrepancy showed up; see

next paragraph. The third was the difference between thetillage choic e 6r educed?d
tillaged. For the RMSE of mineral nitrogen th
RMSE of measured and simulated level of soil organic matter the choice for éno tillage 6

compared to 0r e desultes ch fouriodt of sixg eceénarios in a better outcome and
inonealessgoodresult .The choice for O6reduced6 compared
stronger decrease of soil organic matter than what is shown by the measurements.

As a result of these explorations the judgement has been done with the sc  enarios 0-60 cm
maxi mum rooting depth, without calibration and
fect although the tillage was best c¢har atertier i z

and maybe model adaptation.

2.3 Judgement of Planty Organic scenario s

2.3.1 Based on soil organic matter and total N

If the objective is to show that an arable system based on 100% nitrogen fixation as input is
feasible , the soil organic matter and soil N -total may not decrease. Considering the margin
of errors in the analysis, a long -year sequence is needed. In Planty Organic this is realized:

nine years with six plots being pseudo -repetitions. Because of the importance of this, the or-
ganic matter an nitrogen are separately shown and discussed here below, Table 1 and Ta-

ble 2. Other soil parameters are discussed further dow  n.

Table 1. Soil organic matter (%)

A B C D E F Average

2012 March *1,8
2012November 1,6 16 1,8 1,8 18 1,8 1,7
2013November 1,8 19 21 19 19 21 2,0
2014November 2,4 19 20 20 18 20 2,0
2015November 1,8 19 20 20 22 22 2,0
2016 November 1,7 19 20 19 18 16 1,8
2017 November 2,1 19 19 19 22 21 2,0
2018 November 2,0 20 20 24 21 23 2,1
2018 November 1,6 1,8 16 20 16 1,7 1,7
2020November 1,9 21 11 11 16 1,0 1,5
2021 January™ 1,8 20 22 20 20 20 2,0

*One sample from A - F
*»* New sampling and analysis, loss on ignition instead of NIRS

Ndicea field scenario s
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Table 2. Soil total -N (mg/kg)

A B C D E F Average

2012 March *710
2012 November 1200 1250 1260 1270 1300 1250 1255
2013 November 990 930 1030 890 1040 1070 992
2014 November 1180 1030 1040 1120 970 1110 1075
2015 November 920 910 1100 960 1170 1170 1038
2016 November 1010 1240 1190 850 960 860 1018
2017 November 970 880 1100 910 1010 1070 990
2018 November 1020 1090 1290 1070 1200 1080 1125
2019 November 1140 850 910 1030 1240 830 1000
2020 November 1140 970 660 670 910 650 833
2021 January** 1010 1070 1140 1060 1050 1090 1070

* One sample from A - F together

** New sampling and analysis

Printed in red the values which are questionable with actual knowledge as reference.
1 The measured values of N -total in 2012 are remarkable higher than in all following
years while the organic matter content is in line with the other years. This results in a
very low C/N in 2012 (8 on average). In 2013 itis 10 on average and comparable with
the following years. In 2019 a new analys is was done on the 2012 samples. This resulted
in much lower values of N -total (on average 900 compared to 1255 in the original
analysis) and comparable values for organic matter (on average 1.6 compared to 1.7
in the original analysis
1 In 2019 and 2020 a n umber of measurements from both organic matter and N -total
are below or far below  what could be normally expected, even when taking the mar-
gin of error into account. Because of this , new samples have been gathered and ana-
lysed in January 2021, both by Eurofins. Organic matter has been analysed by Loss On
Ignition instead of NIRS , and N has been analysed according Dumas. In these results
both organic matter and nitrogen are for all six fields in the same range, as expected
in pseudo -repeti tions, and in line with the years before.
The organic matter and nitrogen data are analysed statistically in Gensta t 19.1, regression
analysis. For nitrogen the 2012 data were excluded. For nitrogen and organic matter, the

November 2020 data are excluded a nd the January 2021 data included, Table 3.

Table 3. Results of regression analysisTotal-N (mg/kg) and Organic matter (%)

Parameter TotalN OM

p-value 0.502 0.33¢
Intercept -8684. -18.z
Slope 4.82 0.010C
Result NS NE

NS = not significant

Taking into account the remarks about the measurements and the results of the sta-
tistical approach we conclude that the level of organic matter and total -N is stable.
This is used asinput for the Ndicea modelling and the interpretation of the results,

shown in the next paragraph.

Evaluation Planty Organic 2012 -2020 & Plant-based fertilizer: nitrogen and organic matter organic matter



2.3.2 Based on mineral N me asurements

The graphical representation of the model results of the six plots is shown in Appendix 3.
Table 4 summarizes the assessment of the six plots.

Table 4. Judgement of model results

1 2 3 4 5 6 7 8
Field n RMSE# Sim>=Ob# Sim<Obs# deficiency Delta N Delta OM Pattern
A 34 17 12 22" 1/14 -1 -88
B 36 22 14 22" 1/19 4 33
C 35 27 15 20 0/16 -5 -291
D 34 20 13 21" 3/17 -9 -234
E 30 23 13 177 1/14 -7 -371
F 34 29 17 17 0/15 -1 -87
sum 203 84 119
% 41% 59%
average 23 -3 -173
Explanation :
Column 1: number measurements mineral N 0-30 cm
Column 2: RMSEof simulated and observed values mineral 0-30 cm (kg/ha)
Column 3:  Number of measurements in which the simulated value isequal to or higher than
the measured value
Column 4: Number of measurements in which the simulated value is lower than the measured
value
Column 5:  Number of crops with simulated N -shortage / total crop number
Column 6: Calculated decrease in soil  -N, kg jaar 1
Column 7: Calculated decrease in soil organic matter , kg jaar 1
Column 8: Qualitative judgement of the pattern of increase or decrease of soil mineral nitro-
gen: does t he simulation follow the changes in measured values? . Green = satis-

factory, oran ge = mediocre .

In two out of six fields the RMSE Column 2) is <= 20 , which is proposed as maximum value for
acceptable model result  (van der Burgt et al., 2006).

The model has a tendency to underestimate the available nitrogen (column 3 and 4).

The number of crops with a simulated nitrogen shortage (Column 5) is low. In most cases

this shortage is not much bigger than the supposed model margin of error (20 kg).

The as good as stable simulated soil organic matter (column 6) resembles the results of the
statistical analysis of total -N, paragraph 2.3.1.

The simulated small decrease of soil organic matter resembles the results of the statistical
analysis of soil organic matter, paragraph 2.3.1. Two things are remarkable. The decrease in
organic mat ter (carbon) is bigger than the decrease in total -N, resulting in a small decrease
of C/N (too small to be measurable). Also remarkable is the difference between field B with

a small calculated increase and field E with a decrease. All fields are pseudo re petitions, but
apparently small differences in applied organic matter (Cut&Carry fertilizer, crop residue,

root mass, green manures) are substantial enough to result in such a difference.

Our ove rall conclusion is: the simulation resembles the observation s well enough to

justify the use of the simulation as base for system comparison.

Ndicea field scenario s
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