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Abstract
Damage incurred by agricultural intensification has endangered the ecosystem and sustainable production is needed for future
development. Agroecology is proposed as an alterantive paradigm for such development. Under the umbrella of agroecology,
strip cropping, as a form of intercropping compatible with machinery, integrates the principles of diversification to achieve
sustainability with yield benefit. This study aims to investigate the effect of strip diversification and crop combination on
yield of common crops in the Netherlands. These crops are potato (Solanum tuberosum L.), cabbage (Brassica oleracea var.
capitate), wheat (Triticum aestivum L.), carrot (Daucus carota subsp. Sativus), leek (Allium ampeloprasum var. porrum),
barley (Hordeum vulgare L.). The data used were collected from four experimental locations over two or three years. The
results showed that on the strip level, different strip width (6-meter, 12-meter, 24-meter, and 48-meter) did not have any
effect on dry matter yield of potato and cauliflower/brussels sprouts. Carrot had a higher yield in 24-meter strip but not
significant to the reference(48-meter). Increasing genetic diversity in strip seems to have a negative effect on dry matter yield
on strip level, in which strip with only one variety of crop achieved highest dry matter yield and the most diverse pixel
treatment having the lowest. Complex plant interaction and difficulty in management with diverse crop were possibly the
reason why increasing diveristy showed adverse effect on yield. On the plant level, higher diversity seemed to have little
effect on dry matter yield for potato, cabbage, carrot, and leek with few specific crop combination standing out in yield. For
wheat and barley, the addition of legume had a negative effect on dry matter yield, but likely as a result of outlier situation
with only one year of data. In conclusion, narrower strip width and strip with one variety of crop were tested as feasible
alternative to monoculture. Diversification within the strip needs more calibration to achieve yield benefit. Future studies
with more data points could provide more insights on crop combinations in strip cropping.
Keywords: strip cropping, yield, diversity, crop combination, plant interaction, management

1.Introduction

herbicides, pesticides, and machinery. Agricultural
production following this pattern has inflicted
detrimental effects on the ecosystem including soil
deterioration, greenhouse gases emission,
contamination of groundwater, and loss of biodiversity
(Altieri et al., 1983; Rockström et al., 2017; Stoate et
al., 2001). In the long run, the success in yield of
agricultural intensification is not sustainable.

1.1 The need for agroecology
Agricultural intensification has helped farmers increase
yield of various crops in both the developed and
developing countries since the last century.
Nonetheless, such increase in productivity relies
heavily on inputs such as chemical fertilizers,
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Productivity is likely to plunge as the damage to
ecosystem continues(Isbell et al., 2017).

feasible to farmers as sacrifice in yield can be managed
at an acceptable level (Iverson et al., 2014; Smith et al.,
2008). One example is the use of diversification in
organic agriculture. The yield penalty of converting to
organic from conventional is estimated to be around
20% (De Ponti et al., 2012; Seufert et al., 2012). With
diversification, the gap between organic and
conventional are substantially reduced (to 9 ± 4% and 8
± 5%, respectively) when the methods were applied in
only organic systems (Ponisio et al., 2009). Through
this method, the farmers would still be able to sustain
the farm economically without causing polluting the
environment with the heavy dosage of input.

Therefore, the need to change the current production
scheme is urgent, and agroecology is considered as a
hopeful alternative paradigm for more sustainable
agricultural development that ensures both production
and the maintenance of ecosystems (Foley et al., 2011;
IPES-Food, 2016; Vandermeer and Perfecto, 2017;
Wood et al., 2015). Agroecology employs ecological
concepts and principles in agricultural systems. It also
incorporates the social aspects of agriculture and gives
much attention to traditional practices, food
sovereignty, and the struggles of smallholder farmers
(Altieri et al., 2012; Altieri and Toledo, 2011;
Gliessman, 2015; Wezel et al., 2009). Under the
broader concept of agroecology, sustainable
intensification is a more focused method to solve the
problems in production and ecological conservation
under the scientific discipline (Pearce et al., 2017;
Tittonell et al., 2013). The aim of sustainable
intensification is to generate more production with less
input and the application of ecological intensification
entails the integration of ecosystem services to achieve
the goal (Kremen and Miles, 2012; Tittonell et al.,
2016).

1.3 Intercropping and strip cropping for diversification
Intercropping is common practice for diversification in
Africa, Asia, and South America for centuries
(Letourneau et al., 2011). One general definition for
intercropping is the planting of more than one crops
(species or varieties) together on the field for partial or
the entire growing period (Ofori and Stern, 1987).
Intercropping increases plant diversity through spatial
and temporal diversity in the fields. As a practice of
diversification, intercropping also provides benefits
such as reduction in input, increase in yield, and natural
pest control (Brooker et al., 2015; Martin-Guay et al.,
2018).

1.2 Diversification in agroecology
Diversification in farming is promoted as a means to
maintain and utilize ecological services such as weed
and pest control, crop pollination, provision of water
and soil, nutrient cycling, as well as carbon
sequestration, which are all important for agroecology
(Kremen and Miles, 2012; Steingröver et al., 2010).
Diversification can be achieved through both temporal
and spatial management of species on farm. Cover
crops, crop rotation, flower strips, and intercropping are
practices used for the purpose of diversification
(Kremen et al., 2012; Kremen and Miles, 2012; Wezel
et al., 2014). Diversification helps to increase
biodiversity in the agroecosystem, and such increase in
biodiversity has been proved to benefit agriculture in
multiples ways: natural pest control, crop pollination,
making farms more resilient to climate change (Bianchi
et al., 2006; Isbell et al., 2017; Lin, 2011).

One form of intercropping that has received much
attention in recent years is strip cropping. Strip
cropping can be defined as “the production of two or
more crops within the same field in strips wide enough
that each can be managed independently by existing
machinery; yet narrow enough that the strip
components can interact”(Hauggaard-Nielsen, 2010).
Strip could be diversified in various forms: crops can
be sown as complete mixture in the field; additional
plants can be sown in rows of the main crops; and the
width of the rows can be adjusted in practice. The
underlying mechanism for the different forms of strip
cropping followed the principle of diversification
suggested by Vandermeer (1989). Through
manipulation of diversity within the strip, the dynamic
between inter- and intra-specific competition,
facilitation and niche differentiation are changed, and
higher production could be achieved(Hooper, 1998).

Diversification in farming can also help to sustain or
increase the level of production, implying the potential
to make the conversion to sustainable system more

The positive effects of both intercropping and strip
cropping have been tested through many studies. The
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focus of most studies is on gramineous crops with
mostly legumes or other grain crops as crop pairs.
Other combinations of crops are still underrepresented
in related studies. One important factor that contributes
to the yield increase with legume intercrops is more
nitrogen available from nitrogen fixation by
leguminous plants(Hauggaard-Nielsen et al., 2012;
Kiær et al., 2009; Li et al., 2001; Lowry and Brainard,
2019; Pristeri et al., 2006). However, such yield
benefits are confounded with other natural or artificial
factors: soil condition, microclimate, fertilization,
irrigation, just to name a few. These factors contributes
to the fluctuation of yield ranging from significant
increase to drastic decrease (Knörzer et al., 2010; Yu et
al., 2015). For strip cropping, the yield benefit has been
analyzed based on different strip width, different
design, and different positions of plants in the strip
(edge rows vs. middle rows) through literature review
and experiments. The results of these studies offered
insights on how these different aspects of strip cropping
affects yield (Beaurepere, 2016; Sondhi, 2018; Zhang,
2019). Nonetheless, conclusive result has not been
reached, and research is still needed.

•

What are the effects of different strip
widths on crop yield at the strip level?

•

What are the effects of genetic
diversity (treatment) on crop yield at
strip level?

•

What are the effects of crop
combination on crop yield at the plant
level? Can such effects explain the
effect of genetic on yield at strip level?

2. Methodology
2.1 Experimental sites
The field experiments for this study were conducted in four
locations within the Netherlands: the Droevendaal
Experimental
Farm
in
Wageningen
(51°59’33.06”N,5°39’43.56”E),
the
Broekemahoeve
experimental
farm
in
Lelystad
(52°32’23.70”N,
5°33’44.92”E), the experimental farm in partnership with
Rozendaal in Strijen(51°46’20.68”N, 4°29’14.25”E), and the
experimental
farm managed by the Exploitatie
Reservegronden Flevoland (ERF) BV in Zeewolde
(52°35’58.56”N, 5°49’12.24”E). The overview of the farms
can be found in Table 1.

1.4 Objectives

2.2 Experimental design

The aim of this study was to further ascertain the effect
of strip cropping on yield. The scope of the study was
in the Netherlands, where the experimental fields in
multiple locations have been under the same stripcropping system for two or three years. Strip
diversification were analyzed on strip and/or plant level
for its effect on yield using dry matter yield as the
proxy. The results were analyzed on strip width,
treatment with different genetic diversity, and plant
combination. The crop species that are included in the
studies are potato (Solanum tuberosum L.), cabbage
(Brassica oleracea var. capitate), wheat (Triticum
aestivum L.), carrot (Daucus carota subsp. Sativus),
leek (Allium ampeloprasum var. porrum), barley
(Hordeum vulgare L.). Most of which are vital crop
species in the Netherlands.

2.2.1 Treatments
Seven treatments were tested in the experimental fields. All
seven were present in the experimental field at Droevendaal.
“STRIP”, “STRIP ADD”, “STRIP VAR”, “REF SPACE”,
and “REF TIME” were present at Broekemahoeve. “STRIP”
and “REF SPACE” were present in Strijen. “ROTATION”
was present at ERF but was not analyzed as a treatment in the
analysis. Different strip widths were the de facto “treatment”
for analysis. Table 2 provides general description of each
treatment.

2.2.2 Field design in 2019
The setup of the experimental farms incorporated temporal,
spatial, and genetic diversification through crop rotation, strip
cropping, and crop/variety selection. The maps for each
experimental site can be found in Appendix A. Droevendaal

The main research questions for this study is the effect
of strip diversification on yield. It can be divided into
the following sub questions:
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Table 1. Overview of the farms

Farm
Droevendaal

Type
Organic

Area/ha
6.18

Soil Type
Sandy

Broekemahoeve

Organic

6

Sandy loam

Strijen

Organic

2.7

ERF

Organic

50

Sandy clay
loam
Clay

Crop in rotation
Cabbage,
potato,
wheat,
barley,
sugar beet (failed)
Barley,
cabbage,
carrot,
onion,
potato,
sugar beet,
wheat
Leek,
cabbage,
Potato,
cauliflower,
carrots,
soybean,
oats

Table 2. Overview of treatments in the experiment

Treatment

Description

STRIP

Multi-row strips, in which a single crop species of a single variety is sown.

STRIP ADD
STRIP VAR

PIXEL

REF SPACE
(large-scale
monoculture)
REF TIME
(small-scale
monoculture)
ROTATION

Multi-row strips, sown with the same crop as in STRIP, in which an additional companion crop
(often leguminous) is sown in an additive design during and/or after cropping the season.
Multi-row strips, sown with the same crop as in STRIP, in which a proportion of the original crop is
replaced with a different variety of the same species.
Pixel plots are composed of a grid of 50 x 50 cm subplots (‘pixels’). Each pixel is sown with a
randomly assigned crop, using all species planted in the connected strip experiment at that site. Sowing
densities in the pixels are the same as in the strips and large-scale sole crop reference fields.
Large-scale sole-crop plots (not necessarily following the 6-year rotation), used as references for
comparison of spatially influenced processes.
Small-scale sole-crop plots following the 6-year rotation, used as references for comparison of
temporally influenced processes.
Full combination of all crops in pairs next to each other in one unit that follows the 6-year rotation

has three replicates in three fields and followed the complete
randomized block design. Potato and cabbage were planted in
3-meter strip with four rows within each strip. Wheat and
barley were planted in 3-meter strip with twelve rows within
each strip. Sugar beet was planted in 3m strip with six rows
within each strip. Grass (Lolium multiforum L.) or grass and
clover mixture (Lolium multiforum L., Trifolium pratense L.

and Trifolium repens L.) were also planted in 3m trip. Each
crop pair, namely potato-grass, wheat-cabbage, and barleysugar beet received STRIP, STRIP ADD, and STRIP VAR
treatments. All three treatments for each crop combination
were replicated twice times in each field. ROTATION
treatment was planted in each field including one strip of all
the crops in rotation. REF TIME with the strip width of 9
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meter was planted at one end of the strip-cropping block of
that crop and shorter in length (12 meter).

information on varieties of crops at Droevendaal and
Broekemahoeve was shown in Table 4.

At Broekemahoeve, two fields were used for experiment.
Potato, cabbage, wheat, carrot, onion, sugar beet, and barley
were planted in 3.15-meter strips with four rows in each strip.
The crop combinations are the same as those at Droevendaal,
with the addition of onion and carrot. All combination except
onion and carrot received the same STRIP, STRIP ADD, and
STRIP VAR treatments. All treatments were replicated twice
within the same block. REF TIME with strip width of 9 meters
was planted in the block of the crops and of the same length.
Each field were border by flower strips on the north and the
south to increase biodiversity.

At ERF, oats and soybean were not included in the rotation.
Spinach and second year grass and clover mixture were in the
rotation. The order of rotation from west to east were Spinach,
first year glass and clover mixture, cauliflower, second year
glass and clover mixture, carrot, and potato. One flower strip
was added in first year glass and clover mixture.
At Strijen, The STRIP treatment was replicated two times in
each block. Parsnip (Pastinaca sativa) was planted next to
cabbage with the same experimental design.

2.2.3 Field design in 2017
The detailed information on for varieties of crops for each
treatment at Droevendaal and Broekemahoeve was shown in
Table 3.

Only ERF was under the similar experimental design in 2017.
The order of rotation from west to east were second year grass
and clover mixture, carrot, and potato, first year grass and
clover mixture, brussels sprouts (Brassica oleracea var.
gemmifera.), and spinach. Flower strip were added in first year
grass and clover mixture. The map of the field can be found in
the Appendix A.

At ERF, carrot, grass and clover mixture, potato, cauliflower,
oats, and soybean (Glycine max) were planted following this
order from west to east in strips of 6 (8 rows), 12 (16 rows),
24 (32 rows) and 48 meters (64 rows). The12-meter, and 24meter strips were replicated twice on the field. The 6-meter
strips were replicated three times. The 48-meters strips served
as reference for monoculture. One strip of flower was added
to oats strips of 12, 24, and 48 meters to provide habitat for
natural enemies and increase biodiversity.

2.3 Data collection
2.3.1 Yield from 2019
2.3.1.1 Fresh Yield

At Strijen, two fields were used for the experiment. Leek,
glass and clover mixture were planted in 3-meter strip with
four rows in each strip. Cabbage was planted in 3-meter strip
with six rows in each strip. The crop combinations are leek –
grass clover and cabbage – grass clover. The STRIP ADD
treatment was replicated four time in each block. Four square
-shaped monoculture blocks of leek and cabbage were planted
close to their strip block as reference.

The harvesting process differs in crops type and location. The
detail harvesting scheme based on the harvesting protocols can
be found in Appendix B. Crops harvested were removed of its
nonmarketable part and /or cleaned of debris. The fresh yield
was collected by weighing the roughly processed crops. Most
of the data used for the analysis were collected on a row level
(four rows per strip). Potato under different strip treatments at
Broekemahoeve, barley and wheat at Droevendaal were
harvested with the edge and middle rows combined, so the
data available were on position level (2 position points per
strip). Potatoes and cabbages at Droevendaal were harvested
per row, and the yield per row was collected using a portable
car scale or a pull scale on site. The fresh yield in kilogram per
square meter was calculated by dividing the yield per row by
area of that row. For crops whose yield per row cannot be
weighed directly, subsamples of these crops were used to
estimate the yield. Sample were collected per row following
the harvesting scheme and the weight of these samples was
noted and used to calculate the yield per row. The fresh yield
in kilogram per square meter is calculated by dividing the
yield per sample over the sampled area. The data collected in

2.2.3 Field design in 2018
The field design in 2018 was largely similar to that of 2019.
The maps for each experimental site can be found in Appendix
A. The differences of the experimental design were described
below.
At Droevendaal, sugar beet and barley were not present in
2018. Grass and clover mixture and leek were the third crop
pair. ROTATION treatment had the same crop components as
STRIP VAR treatment in field 1 and STRIP in field 2 and 3.
At Broekemahoeve, only field 10 were used for the
experiment. Sugar beet, barley were not present. The detailed
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Table 3. Information of crop species and varieties used in experiment farms at Droevendaal and Broekemahoeve in 2019

Farm

Crop

Varieties/Added species
REF SCPACE/
STRIP
REF TIME

Potato
Grass

Agria
Ryegrass

Agria
Ryegrass

Cabbage

Rivera

Rivera

Wheat
Barley
Sugar
beet
Potato
Grass
Cabbage

Kelvin
Irina
Annarosa

Kelvin
Irina
Annarosa

Kelvin
Irina
Annarosa

Ditta

Ditta

Ditta

Rivera

Rivera

Rivera

Wheat
Barley
Sugar
beet
Onion
Carrot

Quintus
Irina
Annarosa

Quintus
Irina
Annarosa

Quintus
Irina
Annrosa

Hylander
Nerac

Hylander
Nerac

Hylander
Nerac

Droevendaal

Broekemahoeve

STRIP ADD

Agria
Ryegrass/Red
clover
Rivera

STRIP VAR

Agria/Alouette/Carolus
Rygrass/Timothy
Rivera/ Christmas
Drumhead
Kelvin/Julius
Irina/Laureate
Annarosa/Myrtile
Ditta/ Twinner
Rivera/ Christmas
Drumhead
Quintus/Lennox/Lavett
Irina/Laureate/ Milford
Annarosa/Myrtile
Hylander/Hytech
Nerac/Romance

Table 4. Information of crop species and varieties used in experiment farms at Droevendaal and Broekemahoeve in 2018

Farm

Crop

Potato
Droevendaal

Varieties/Added species
REF
STRIP
SPACE/
REF TIME
Agria
Agria

Grass

Ryegrass

Ryegrass

Cabbage

Rivera

Rivera

Wheat
Potato
Grass

Lennox
Ditta
Ryegrass

Lennox/Fave
Ditta
Ryegrass

Cabbage

Rivera

Rivera

Wheat
Onion
Carrot

Lennox
Hylander
Hylander

Lennox/Pyramid
Hylander
Komarno

Broekemahoeve

7

STRIP ADD

Agria
Ryegrass/Red
clover
Rivera
Lennox/Lavette
Ditta
Ryegrass/Red
clover
Rivera
Lennox/Lavette
Hylander
Komarno

STRIP VAR

Agria/Alouette/Car
olus
Rygrass/Fescue
Rivera/ Christmas
Drumhead
Lennox/Lavette
Ditta/ Carolus
Rygrass/Fescue
Rivera/ Christmas
Drumhead
Lennox/Lavette
Hylander/Hytech
Komarno/Yara
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2019 were: potato at Droevendaal, Brokemahoeve, and ERF;
cabbage at Droevendaal, Brokemahoeve, and Strijen; carrot at
Broekemahoeve and ERF; barley at Droevendaal; wheat at
Droevendaal; sugar beet at Broekemahoeve; leek at Strijen.

the Appendix B. The data used included potato, carrot, and
brussels sprouts (Brassica oleracea var. gemmifera).

2.3.1.2 Dry Matter Ratio and Yield

General linear mixed-effect (GLMMs) models were used to
evaluate the effect of treatments on dry matter yield. GLMMs
were applied on the dry matter yield with Normal or Gamma
distribution. Data on dry matter yield of each year were
combined per crop and analyzed for the multi-year analyses.
Dry matter yield was the response variable so that water
content cross different crops was not concerned. Treatments
were selected as the fixed effect for analysis on strip level at
Droevendaal, Broekemahoeve, and Strijen; stirp width was
used as the fixed effect for analysis at ERF; plant combination,
formatted as “main crop | accompanying crop(s)” was used as
the fixed effect for analysis on plant level. Location, field,
block, line, and position were selected as nested random effect
to account for the variation within and among different
experimental sites. Year was added as an independent random
effect for multi-year analysis. GLMMs were used when
residuals of the fit were normal, and normality was assessed
by Shapiro-Wilk Normality Test (Shapiro and Wilk, 1965).
Dry matter yield per treatment, strip width, or plant
combination were generated after the fitting of models and
compared with the Tukey’s method as a post-hoc test. The
relative yield was calculated as the ratio between dry matter
yield per specific treatment, strip width, or plant combination
over the dry matter yield of the reference from the fitted
model. For treatment, REF SPACE was used as reference
when available, if not, then REF TIME was used. For strip
width, 48M was used as the reference. For plant combination,
“main crop| main crop” was used as the reference. Relative
yield higher than 1.0 indicates that that dry matter yield of
certain treatment, strip width, or plant combination provide
higher yield than reference (monoculture).

2.4 Statistical Analysis

Subsamples for all crops at different locations were collected
following the harvesting scheme and used to determine the dry
matter ratio (DMR). The weight of the subsamples was
measured after cleaning. The subsamples were cut into small
pieces and dried in the oven at 70°C for 2 days until fully
dried. The weight of the subsamples was measured again. The
DMR was determined by the dividing the weight before
drying over the weight before drying.
𝐷𝑟𝑦 𝑀𝑎𝑡𝑡𝑒𝑟 𝑅𝑎𝑡𝑖𝑜 =

𝐷𝑟𝑦 𝑊𝑒𝑖𝑔ℎ𝑡 (𝑔)
𝐹𝑟𝑒𝑠ℎ 𝑊𝑒𝑖𝑔ℎ𝑡 (𝑔)

(1)

The dry matter yield in kg per square meter was calculated by
multiply the fresh yield in kilogram per square meter with the
dry matter ratio.
𝑘𝑔
𝐷𝑟𝑦 𝑀𝑎𝑡𝑡𝑒𝑟 𝑌𝑖𝑒𝑙𝑑 ( ⁄𝑚2 )
𝑘𝑔
= 𝐹𝑟𝑒𝑠ℎ 𝑌𝑖𝑒𝑙𝑑 ( ⁄𝑚2 )
∗ 𝐷𝑟𝑦 𝑀𝑎𝑡𝑡𝑒𝑟 𝑅𝑎𝑡𝑖𝑜
(2)
2.3.2 Yield from 2018
2018 was the first year of the same experiments on strip
cropping at Drovendaal, Broekemahoeve, and Strijen;
therefore, data from last year were used for multi-year
analysis. Data on fresh yield and dry matter ratio from 2018
were obtained from data sheets shared by students/researchers
on OneDrive for strip-cropping project. The harvesting
schemes from this year can be found in Appendix B. The data
used for analysis included: potato at Droevendaal,
Broekemahoeve, and ERF; cabbage at Droevendaal,
Broekemahoeve, and Strijen; carrot at Broekemahoeve and
ERF; cauliflower at ERF; leek at Strijen.

Statistical analyses of this study was performed on program
R, version 3.6.1 (R core team, 2019) with the Ime4 package
(Bates et al., 2015). Statistical models used in analyses are
included in Appendix E.

3. Results

2.3.3 Yield from 2017

3.1 Strip width

The same experimental design was carried out at ERF in 2017;
therefore, the yield data collected was used to compile the
multi-year data set for analysis. Data on fresh yield and dry
matter ratio from 2017 were obtained from data sheets shared
by students/researchers on OneDrive for strip-cropping
project. The harvesting scheme from this year can be found in

Only the middle rows were used in the analysis to eliminate
the effect of different plant neighbors on dry matter yield. The
effect of strip width for potato on dry matter yield is not
significant. No significant difference was found between the
dry matter yield of different strip widths. For carrot, the effect
of strip width on dry matter yield was significant. The dry
matter yield of 24-meter strip was significantly higher than
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3.2 Genetic diversity

that of 6-meter and 12-meter. However, no strip width was
significant different from the 48-meter strip (the reference) in
terms of dry matter yield. For cauliflower/brussels sprouts, the
effect of strip width on dry matter yield was not significant.
No significant difference was found between the dry matter
yield of different strip width.

For potato, the dry matter yield of PIXEL was also
significantly lower than that of all other the treatments. The
dry matter yield of STRIP was significantly higher than that
of all other the treatments. The dry matter yield of STRIP was
significantly higher than that of STRIP VAR and ROTATION

3.2 Genetic diversity
Table 5. Effects of different strip width on dry matter yield (kg/m2) for potato, carrot at ERF from year 2017- 2019, and
cauliflower/brussels sprout at ERF from year 2017- 2018. Means (± standard error) followed by same letter in same column are not
significantly different, Tukey HSD, p < 0.05 at 0.95 confidence level. Anova test on the effect of strip width was performed and p-Values
were derived from Type II Wald chi-square tests

Strip width

Dry matter yield (kg/m2)
Potato

Carrot

Cauliflower/Brussels sprout

6M

0.58 ± 0.04a

0.60 ± 0.06a

0.20 ± 0.07a

p value

0.78

0.57

0.17

12M

0.56 ± 0.04a

0.59 ± 0.06a

0.21 ± 0.07a

p value

0.95

0.51

0.32

24M

0.55 ± 0.04

p value

0.62

a

0.74 ± 0.06

b

0.014 *
a

0.58
ab

0.23 ± 0.07a

48M

0.57 ± 0.04

p value

5.7e-05 ***

1.7e-03 **

0.16

0.87

9.4 e-03 **

0.51

p value for all
strip width

0.62 ± 0.06

0.22 ± 0.07a

Figure 1. Relative yield of potato, carrot, cauliflower/brussels sprouts of different strip width. The dry matter yield
of 48M strip is the reference 1.0. Different letters indicate significant differences. Standard error was calculated and
presented by error bar
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The effect of treatment on dry matter yield was significant.

For wheat, the dry matter yield of STRIP ADD was
significantly lower than that of all other treatments. The dry
matter yield of STRIP was significantly higher than that of
STRIP VAR, ROTATION, and REF TIME. The effect of
treatment on dry matter yield was significant.

For cabbage, the dry matter yield of PIXEL was significantly
lower than that of all other treatments but STIRIP ADD and
STRIP VAR. The dry matter yield of REF TIME was
significantly higher than the aforementioned three treatments.
The effect of treatment on dry matter yield was significant.

For barley, the dry matter yield of REF TIME was
significantly lower than that of all other treatments but that of
STRIP ADD. The dry matter yield of STRIP VAR was
significantly higher than that of all other treatment but STRIP.
The The dry matter yield of STRIP and ROTATION were
significantly higher than that of STIRP ADD. The effect of
treatment on dry matter yield was significant.

For carrot, REF TIME had the dry matter yield significantly
lower than that of STRIP VAR. The effect of treatment on dry
matter yield was significant.
For leek, the effect of treatment was not significant.

Table 6. Effects of different treatment on dry matter yield (kg/m2) for potato and cabbage at Droevendaal and Broekemahoeve from year
2018 to 2019, carrot at Broekemahoeve from year 2018 to 2019, leek at Strijen from year 2018 to 2019, wheat and barley at Droevendaal
in year 2019. Means (± standard error) followed by same letter in same column are not significantly different, Tukey HSD, p < 0.05 at
0.95 confidence level. Anova test on the effect of strip width was performed and p-Values were derived from Type II Wald chi-square
tests.

Treatment

Dry matter yield (kg/m2)
Potato

Cabbage
bc

REF SPACE

0.78 ± 0.06

p value

< 2e-16 ***
bc

0.30 ± 0.06

Carrot

Leek

bc

0.23 ± 0.03

0.03 *

Barley

0.08 ± 0.02b

0.06 ± 0.01a

5.5e-04 ***

1.7e-04 ***

0.02 *
c

0.81± 0.31

a

REF TIME

0.75 ± 0.07

p value

0.67

0.44

0.23

STRIP

0.82 ± 0.07c

0.30 ± 0.06bc

0.90 ± 0.31ab

0.25 ± 0.02a

0.10 ± 0.01b

0.09 ± 7.0e-03bc

p value

0.29

0.71

0.12

0.27

0.68

3.16e-04 ***

STRIP ADD

0.73 ± 0.06bc

0.23 ± 0.06a

0.03 ± 5.0e-03a

0.06 ± 7.0e-03a

p value

0.29

4.6e-04 ***

1.7e-03 **

0.92

STRIP VAR

0.70 ± 0.05b

0.27 ± 0.06b

0.96 ± 0.31b

0.09 ± 0.01b

0.10 ± 7.0e-03c

p value

0.11

0.11

8.3e-03 **

0.87

2.21e-06 ***

ROTATION

0.63 ± 0.05b

0.29 ± 0.06bc

0.07 ± 0.01b

0.07 ± 0.02b

p value

0.01 *

0.44

0.61

0.08 .

PIXEL

0.21 ± 0.02a

0.16 ± 0.07ab

p value

7.71e-10 ***

7.0e-03**

1.48e-10 ***

3.46e-11 ***

1.0e-03 **

< 2.2e-16 ***

p value for all
treatment
combined

0.32 ± 0.06

Wheat
a

0.01 *
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Figure 1. Figure 1. Relative yield of potato, cabbage, carrot, leek, wheat, and barley of different treatments of increasing genetic
diversity from left to right. The dry matter yield of REF SPACE is the reference 1.0 for potato, cabbage, and leek. The dry matter
yield of REF TIME is the reference 1.0 for carrot, wheat, and barley. The point in the center is the relative yield of crop per
treatment. Standard error was calculated and presented by error bar

3.3 Crop combination

For leek, the effect of crop combination on dry matter yield
was not significant.

Potato with potato of different varieties as neighbors had
significantly lower dry matter yield than three other crop
combinations, which were potato with potato of same variety
as neighbors potato with grass and potato of same variety as
neighbors, and potato with grass, potato of different varieties
as neighbors The effect of crop combination on dry matter
yield was significant.

For wheat, the dry matter yield of wheat with wheat of the
same variety as neighbors was significantly higher than that of
all other crop combinations but wheat with wheat of the
different varieties. The dry matter yield of wheat with
cabbage, wheat of the same variety, and fava bean as
neighbors was significantly lower than that of wheat with
cabbage and wheat of the same variety as neighbors and the
two aforementioned combinations. The effect of crop
combination on dry matter yield was significant.

For cabbage, the dry matter yield of cabbage with sugar
beet and cabbage of different varieties as neighbors was
significantly higher than all other crop combinations. The
effect of crop combination on dry matter yield was significant.

For barley, the dry matter yield of barley with barley of
different varieties as neighbors was significantly higher than
that of all other crop combination but barley with barley of
same variety as neighbors. The dry matter yield of barley with
sugar beet, barley of the same variety, and pea as neighbors
was significantly lower than all other crop combinations
except barley with barley of the same variety and pea as
neighbors. The effect of crop combination on dry matter yield
was significant.

For carrot, dry matter yield of carrot with carrot of different
varieties as neighbors was significantly higher than that of
carrot with grass clover, and carrot of same variety as
neighbors. The dry matter yield of carrot with potato and
carrot of the same variety as neighbors was significantly lower
than that of carrot with soybean and carrot of the same variety
as neighbors and carrot with carrot of the same variety as
neighbors. The effect of crop combination on dry matter yield
was significant.
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Table 7. Effects of crop combination on dry matter yield (kg/m2) for potato, cabbage, carrot, leek, and wheat. Means (± standard error)
followed by same letter in same column are not significantly different, Tukey HSD, p < 0.05 at 0.95 confidence level. Anova test on the
effect of strip width was performed and p-Values were derived from Type II Wald chi-square teststests.

Main crop
potato

Accompanying crops
potato
variety potato
cauliflower & potato
carrot & potato
grass & potato
spinach & potato
cabbage & variety potato
sugar beet and variety potato
variety grass & variety potato
grass & clover & potato

Dry matter yield (kg/m2)
0.71 ± 0.12b
0.58 ± 0.08a
0.86 ± 0.20ab
0.73 ± 0.15ab
0.71 ± 0.12b
0.70 ± 0.15ab
0.50 ± 0.15ab
0.68 ± 0.17ab
0.71 ± 0.12b
0.65 ± 0.10ab

Crop combination potato
cabbage
cabbage
variety cabbage
flower & cabbage
grass & cabbage
wheat & cabbage
grass & variety cabbage
sugar beet & variety cabbage
grass & clover & cabbage
variety wheat & variety cabbage
wheat & fava bean & cabbage
Crop combination cabbage
carrot
carrot
variety carrot
onion & carrot
potato & carrot
soybean & carrot
grass & clover & carrot
variety onion & variety carrot
Crop combination carrot
leek
leek
grass & clover & leek
Crop combination leek
wheat
wheat
Variety wheat
cabbage & wheat
wheat & fava bean
cabbage & variety wheat
cabbage & wheat & fava bean
Crop combination wheat
barley
barley
sugar beet & barley
variety barley

0.24 ± 0.05a
0.28 ± 0.05a
0.20 ± 0.05a
0.15 ± 0.07a
0.27 ± 0.05a
0.19 ± 0.08a
0.43 ± 0.06b
0.23 ± 0.05a
0.26 ± 0.05a
0.23 ± 0.05a
0.79 ± 0.20c
0.85 ± 0.20bc
0.76 ± 0.20abc
0.65 ± 0.20ab
0.85 ± 0.20c
0.60 ± 0.20a
0.84 ± 0.20bc
0.25 ± 0.03a
0.25 ± 0.03a
0.13 ± 0.02c
0.13 ± 0.02c
0.05 ± 3.5e-03b
0.04 ± 2.3e-03a
0.03 ± 2.2e-03a
0.03 ± 1.90e-03a
0.10 ± 7.8e-03cd
0.08 ± 7.8e-03bc
0.11 ± 7.8e-03d

12

p value
1.0e-09 ***
8.3e-05 ***
0.13
0.90
0.92
0.90
0.27
0.82
0.99
0.08
5.9e-03 **
0.02 *
0.01 **
0.26
0.06459 .
0.01 **
0.45
9.1e-07 ***
0.73
0.12
0.33
8.5e-07 ***
0.05 .
0.37
0.66
4.5e-04 ***
0.27
1.4e-08 ***
0.41
1.6e-08 ***
0.06 .
0.93
0.93
2.8e-12 ***
0.96
< 2e-16 ***
< 2e-16 ***
< 2e-16 ***
< 2e-16 ***
< 2.2e-16 ***
5.5e-05 ***
0.02 *
0.06 .
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0.08 ± 7.8e-03c
0.07 ± 7.8e-03ab
0.05 ± 7.8e-03a

sugar beet & variety barley
barley & pea
sugar beet & barley & pea
Crop combination barley

0.92
9.1e-04 ***
1.7e-05 ***
8.3e-14 ***

Figure 3. Relative yield of potato, cabbage, carrot, leek, wheat, and barley with different crop combination. The dry matter yield of
the crop combinations of main crop and accompanying crop being the same is the reference 1.0. Each color represents one main
crop. Standard error was calculated and presented by error bar. N represents the number of data points for each crop combinations

4. Discussion

of Beaurepère (2016) based on literature research where he
found that relative yield tended to be 1 with increasing strip
width and the variation in yield stabilized when the strip width
is over 4 meters. Another recent study based on the simulated
model of wheat and maize intercropping system also proposed
that the most optimal strip width is less than 1 meter in order
to obtain all benefit of intercropping on yield (van Oort et al.,
2020). Another study also support the overyielding effect at
narrower strip width (Nassiri Mahallati et al., 2015). The

4. 1 Strip width
The results on the experimental field at ERF showed no
difference between the dry matter yield of narrower strips and
that of the reference strip (48-meter-wide) for all three crops
analyzed. This is in accordance with the result from the study
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narrowest strip at the experimental field was 6 meters;
therefore, the absence of overyielding effect was not
surprising. Looking from another perspective, crops planted in
strips on such a big scale experiment did not suffer from yield
loss comparing to the reference (monoculture), which implies
that switching to strip cropping system on a large-scale farm
is possible in practice without reducing production.

environment and yield benefits were not easily achieved
(Baxevanos et al., 2017; Hauggaard-Nielsen and Jensen,
2001; Watiki et al., 1993). When adding legumes in strips,
faster growth of roots of legumes in less optimal conditions
might have given a competitive edge to legumes in an
intercropping setting (Guiducci et al., 2018). Root competition
from legume could also reduce the N available to cereal in
environment where resources are scarce (Tofinga et al., 1993).
Still, little is certain on how exactly the plant interactions
works in a diverse cropping system.

Difference in crops on the effect of strip width were present
from the results. For potato and brussels sprouts/cabbage, strip
width had no effect on dry matter yield. However, for carrots,
strip width had a significant effect on dry matter yield from
analysis and the differences in dry matter yield were more
pronounced comparing to the other two crops. Interesting, 24meter strip had the highest dry matter yield consistently for 3
years. The reason why the 24-meter strip has been doing the
best is not fully investigated. The two replicates of 24-meter
strips were only separated by one replicate of 6-meter strips
and had the least amount of distance between them comparing
to others strip width. However, from a year to year
perspective, the location of crops in 24-meter strips also
changed the most comparing to other strip width. The
contrasting topographical features of the 24-meter strip could
have added unexpected variabilities that have not been
accounted for in the design, and that interacting with certain
characteristic of carrot growth pattern could be a possible
reason for the observed phenomenon.

Another likely contributor for such a decrease in yield to take
place was the difficulty in designing and managing system
when higher diversity was present in the field. Regarding
PIXEL treatment, the small size of the pixel plot made it more
susceptible to impacts from mismanagement. Disturbance
from traffics on field, difficulty in weeding because of the
proximity of crops, lack of irrigation all possibly contributed
to the yield loss. Adjustment in designing and managing the
PIXEL treatment is called for to exploit the benefits on
diversity. To achieve positive results from complementarity
and facilitation with legumes, management such as sowing
time, sowing density, and fertilization also plays a huge role
as competitive relationship could be formed without the right
calibration (Duchene et al., 2017; Hauggaard-Nielsen and
Jensen, 2005; Mariotti et al., 2009). Barley also was sown late
in 2019, and the infestation of Chenopodium was severe where
soil N was low, resulting much yield loss for barley without
an efficient way of weeding. For wheat, fava bean was also
evidently more dominant in growth and shading wheat in field
because spring wheat was sown instead of winter wheat.
Similar phenomenon has been observed in another study with
potato and fava bean in which yield of potato decreased from
lower light interception (Gitari et al., 2018). For cabbage
under STRIP ADD treatment in 2019, the absence of the
fertilization during the head formation this year could explain
partially the lower dry matter yield from mismanagement.
Calcium deficiency was also observed in cabbages under the
STRIP ADD treatment and likely to cause yield loss (Choden,
2020). Hence, the effect of diversity was further complicated
with the outside influence of management. With more
knowledge and failed experience, mismanagement could be
avoided so that the effect of diversity is better accounted for
when applied in field.

4.2 Genetic diversity
Looking from a holistic perspective (combining all the crops
together), greater genetic seems to have a negative effect on
the performance of yield. The least diverse treatment STRIP
had the best performance in yield and the most diverse
treatment PIXEL the worst performance. Nonetheless, this
trend was more produced in some crops than other. Cardinale
et al (2007) has shown that even though more diversity is said
to produce higher biomass, only a small portion of polyculture
is more productive than single most productive species.
One of the possible reasons why diversity had a general
negative impact on yield could be the complication incurred
from most complex plant interaction. Overall, with a higher
number of species in the surroundings, plant interactions
above and below ground will be more complex. Benefits from
facilitation and complementarity could be replaced by
drawbacks from competition without adequate knowledge on
how different species interacts in a very diverse environment
(Brooker et al., 2008). With more varieties of one crop in field,
the interactions between plants got more complex and the
effect on yield became more unpredictable (Kiær et al., 2009).
Studies also showed that underlying process for added
benefits were specific to the interaction of variety traits and

Diversity did work out in certain cases. STRIP treatment had
the best performance as none of the STRIP treatment had
significantly lower dry matter yield than the reference (REF
SCALE/SPACE or REF TIME) and some even significantly
higher dry matter yield, which agrees with previous studies on
the yield benefit of strip/intercropping cropping (Bedoussac et
al., 2015; Li et al., 2014, 2013, 2011). With the added value
on increased biodiversity and ecosystem services from strip
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resistance to late blight and their robustness (“Agrico,” n.d.).
In reality, these varieties were not such productive as the main
varieties in practice and the resistance against disease and
suboptimal environment did not make up for loss from adding
these varieties instead of the main ones. Linking this back to
the analysis on strip level, the unpredictability of plant
interaction also occurred at the plant level with more
varietiesin this study.

cropping system (Isbell et al., 2017; Kremen and Miles, 2012;
Letourneau et al., 2011), STRIP treatment makes a strong case
for the adoption of strip cropping. Besides, the dry matter yield
of STRIP ADD treatment for potato was not significantly
different than other treatments, which supported the viability
of plant-based fertilizing scheme with grass and clover.

4.3 Crop combination

For wheat and barley, the trend was that higher diversity had
a negative effect on dry matter yield, the same as the general
trend in crop level. For both wheat and barley, the best
neighbor for yield was the same crop (same variety or not).
The most diverse crop combination for wheat and barley all
incorporated legumes in the crop combination. Some studied
have also shown decrease in yield of wheat when intercropped
with fava bean due to resource competition as a crop pair
(Agegnehu et al., 2008; Fan et al., 2006). This interspecific
competition might have caused the lower yield of in a cereallegume intercropping pair (Baxevanos et al., 2017). Overall, it
seemed that added legume in the cereals caused yield loss
rather than facilitation of resource acquisition. Nonetheless, it
should be noted that the data used for analysis was only of one
year, which was subjugated to singularity due to climate,
water availability, management, and other confounding
factors. Meta analyses on cereal and legume intercrops have
showcased more positive results on yield with cereal-legume
combination (Daryanto et al., 2020; Raseduzzaman and
Jensen, 2017; Xu et al., 2020).

In the analysis of genetic diversity, the effect was confounded
as the strip were analyzed as a whole, but the edge and middle
are often on different level of diversity. Other studies have
shown that crop on the edge rows were more likely to fluctuate
and influence yield of crops(Brooker et al., 2015; Li et al.,
2001). In the analysis of crop combination, the edge and
middle were separated and the effect of diversity in term of
having different neighboring plants offered some insights to
the analysis of diversity within the entire strip.
For potato, cabbage, and carrots, no general trend was
observed in the analysis. More diversity in the neighboring
plants did not seem to have either a positive or negative effect
on the dry matter yield of the crops. This result agreed with
the analyses from other studies in which they found the effect
of diversity on yield in agriculture varies much as complex
interactions were formed between plants above and below
ground (Fan et al., 2006; Li et al., 2011; Stomph et al., 2019).
The results on these four crops did not further prove the trend
observed on the strip level as most combinations did not differ
very much. One noticeable outlier in the graph of relative yield
was cabbage with sugar beet, and cabbage of different
varieties as neighbors. It had much higher dry matter yield
than the rest combinations. With its middle placing in the
diversity rank, the extra space and less competition of resource
was likely the reason for a much higher dry matter yield of
cabbage (Stoffella and Fleming, 1990).

The results on crop combination did not conform to that of
genetic diversity. However, looking on the plant level, the
results on adding other species and legumes to diversity had
corroborated the theory that complex plan interaction is likely
to be the reason for undesirable outcome for increasing
diversity. For farm practitioners, some combinations with
higher diversity and comparable yield to monoculture from the
analysis in this study, such as carrot and onion, potato and
grass, and cabbage and wheat, have also had good yield
peformance in other experiments and could be promoted in
practice (Blazewicz-Woźniak and Wach, 2011; Bouws and
Finckh, 2008; Khan et al., 2014).

An interesting point to look at was the effect of different
varieties, which varied much from plant to plant. For cabbage,
the variety Christmas Drumhead was intended to act as a
sacrifice to draw pests (Altieri and Nicholls, 2005). When
analyzed on a plant level, the yield performance on the main
Rivera with that sacrifice variety was better than the Rivera
with same variety as neighbors, which was not the case when
analyzed on a strip level. It is likely that such benefit was
overcast when both the edge and the middle were included on
strip level. Carrot also seemed to benefit in term of dry matter
yield with the presence of carrot of different variety as
neighbors. Potato, however, did not perform better in dry
matter yield when the neighboring plants were potato of
different varieties. The dry matter yield of this combination
was the only one that was significantly lower than some other
combinations. Some varieties were chosen based on their

4.4 Limitation and future recommendation
Yield, represented by dry matter yield, was the focus of this
study. The statistically analysis provided results with the
intention to show the effects of strip width, genetic diversity,
and crop combination on yield. However, data on other factors
that could have impacted the effect of the three factors
analyzed on dry matter yield were not used and analyses on
these factors were outside of the scope of this study.
Therefore, this study had limited power to explain the
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underlying mechanisms that contributed to the effects of the
three factors on yield. Inferences and assumption were made
to expound the trends of results, and concrete analysis could
be added to substantiate these explanations. A study of a
bigger scope and longer time for data collection and analysis
could attempt to make such connections and provide more
veritable explanations to the underlying mechanisms.

strip width, but largely due to the anomaly 24-meter strip. No
strip width was significantly lower than the reference,
showcasing that switching to strip cropping system from
monoculture does not render yield loss. Higher genetic
diversity on strip level had a negative effect on yield in
general. Using simply one variety in strip resulted in yield
better or comparable to the monoculture reference for all crops
in the experiment. Higher genetic diversity from adding
legumes or other varieties showed more complicated results in
which some crops did equally well or better with
diversification in terms of yield, but others suffered
considerable yield loss. The most diverse treatment PIXEL
had the lowest yield. Unpredicatable plant interaction with
increasing diversity and difficulties in management were
likely reasons for the overall negative impact on yield. On a
plant level, diversity in neighboring crops neither improved
nor reduced yield for potato, cabbage, carrot, or leek. For
wheat and barley, adding legume as neighbors negatively
affect yield, contrary to many studies on cereal legume
combination, but the results were based on one-year data
which is subjected to much variations.

In terms of data collection, the hastiness of some of the
harvesting contributed to lack of data for some crops. The
labor involved in harvesting was limited and data points
collected for analysis had to decrease. The communication
between researchers and farmers tending the experimental
fields also needs improvement so that data for research could
be obtained without errors. The inconsistency of the design
between year 2018 and 2019 also caused difficulties in data
analysis. In future studies, it would be helpful to keep the
design more consistent in terms of what crop is included in
each treatment. Special attention needed to be paid to the
management of the field with higher diversity as
mismanagement could possibly have substantial effect on the
performance of crops. Farmers who intend to adopt strip
cropping system should learn from the mistakes from the
experiment as well.

The results on yield of different strip width and STRIP
treatment have proved the feasibility of strip cropping in
practice as the scale of the experimental field was comparable
to some real farms. The diversification within the strip have
not delivered satisfactory results as the case in one variety per
strip. More information and calibration in management from
experience are needed for diversification to work in favor of
production. Further research and analysis on crop combination
would be essential for a better design and achieve the goals of
sustainable intensification. In short, it is worth investing time
and resource to carry out studies on strip cropping experiment
as such studies help to provide tools for the realization of
agroecological principles.

Regarding data analysis, a more complete and accurate data
collection on all treatments/strip width would further reduce
the discrepancy in sample sizes and even render clearer
results. Clearer communication between researchers would
also help to avoid mistakes in data collection. On the analysis
of crop combination, the number of data point for each
combination varies much and combinations on the edge had
much lower numbers. Extreme numbers tended to come from
lower number of data points. A more consistent experimental
design (minimal changes across years) and more data points
from future years are possible ways to solve this problem and
give more coherent results in future research. The emphasis
should be on collecting more point from the edge as most plant
combinations comes from the edge. This could help build a
better linkage between the strip and plant level when
analyzing diversity.
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5. Conclusion
Based of the biggest strip cropping experiment in Europe, this
study has investigated the effect of spatial and specific
variation on crop yield. Strip width, genetic diversity, and crop
combination were three factors selected for the analysis which
incorporated multi-year data. The results showed that strip
width did not influence yield for potato and
cauliflower/brussels sprouts. Yield of carrots was affected by
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Appendices
Appendix A. Experimental layout
Droevendaal 2019

Figure A1. The incomplete block experimental design with three replicates in 6.18ha field in Droevendaal in the year of 2019–
representation of fields, blocks and strips of crops with their respective treatments

Droevendaal 2018

Figure A2. The incomplete block experimental design with three replicates in 6.18ha field in Droevendaal in the year of 2018–
representation of fields, blocks and strips of crops with their respective treatments
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Broekemahoeve 2019

Figure A3. The incomplete block design in 6ha field in Broekemahoeve, Lelystad in the year of 2019

Broekemahoeve 2018

Figure A4. The incomplete block design in 1.84ha field in Broekemahoeve, Lelystad in the year of 2018
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ERF 2019

Figure A5. The complete block experimental design for with 2 replicates in 50ha farmland in ERF BV, Zeewolde in 2019 – representation
of blocks and strips of crops of different widths 6, 12, 24m (Strip Stretching treatments) and 48m (monoculture control)

ERF 2018 & 2017

Figure A6. The schematic representation of differences in crops planted between 2017, 2018, and 2019
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Strijen 2019

Figure A7. The complete block experimental design in 2.7ha field at Strijen in the year of 2019

Strijen 2018
Figure A8. The complete block experimental design in 2.7ha field at Strijen in the year of 2018
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Appendix B. Harvest Schemes for 2017 – 2019
Table B1: Overview of harvesting and sampling for yield determination of each crop at different locations at 2017

Location

Crop

Treatment/Str
ip Width

Harves
t
method

Harves
t size

Harvest
level

Subsample
method

Subsample
size

Subsample level

ERF*

Potato
Brussels
sprouts
Carrot

All
All

Hand
Hand

Per strip
Per row

Hand
Hand

6m
8 head

Per strip
Per row

All

Hand

6m
3*8
plants
3*6m

Per row

Hand

5-10 kg

Per row

* At ERF, three rows were harvested for carrots at 6, 12, and 24 M strip. These rows were the two edges and one center row. 2 middle rows
were harvested for 28M. For Brussels sprouts, two middle rows harvested for 6, 12, and 24 M strip and four middle rows for 48M.
Table B2: Overview of harvesting and sampling for yield determination of each crop at different locations at 2018

Location

Crop

Treatment

Harvest

/Strip

method

Harvest size

Harvest

Subsamp

Subsample

Subsample

level

le

size

level

Width
Drovendaal

method

Potato

All

Machine

Entire row

Per row

Hand

5-10 kg

Per row

Cabbage

All

Hand

Entire row

Per row

Hand

2 heads

Per row

Wheat

All

Hand

6*0.5m*0.5m

Per two

Hand

6*0.5m*0.5m

Per two

rows

rows

(North and

(1,2 and 3,4)

South)
Broekemahoeve

Potato

All

Machine

Entire row

Per two

Machine

5-10 kg

rows

Per two
rows

(1,2 and
3,4)
Cabbage

All

Hand

10 cabbages

Per row

Hand

2 heads

Per row

Wheat

All

Hand

6*0.5m*0.5m

Per two

Hand

6*0.5m*0.5m

Per two

rows

rows

(North

(North edge,

edge,

Middle,

Middle,

South edge)

South
edge)
Carrot

All

Machine

3*1m

Per row

Machine

1m

Per row

Onion

All

Machine

Entire row

Per two

Machine

5-10 kg

Per two

rows

24
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(1,2 and
3,4)

ERF*

Strijen

Potato

All

Hand

6m

Per row

Hand

6m

Per row

Cauliflower

All

Hand

6m

Per row

Hand

2 heads

Per row

Carrot

All

Hand

2*3m

Per row

Hand

5-10 kg

Per row

Cabbage

All

Hand

6m

Per row

Hand

2 heads

Per row

Leek

All

Hand

6m

Per row

Hand

1 kg

Per row

Parsnip

All

Hand

6m

Per row

Hand

5-10 kg

Per row

* At ERF, three rows were harvested for all crops at all strip width. These rows were the two edges and one center row.

Table B3: Overview of harvesting and sampling for yield determination of each crop at different locations at 2019

Location

Crop

Treatment

Harvest

/Strip

method

Harvest size

Harvest

Subsamp

Subsample

Subsample

level

le

size

level

Width
Drovendaal

method

Potato

All

Machine

Entire row

Per row

Hand

5-10 kg

Per row

Cabbage

All

Hand

Entire row

Per row

Hand

2 heads

Per row

Wheat

All

Machine

Half row

Per

Machine

Half row

Per position

position

(2 rows)

(2 rows)
Barley

All

Machine

Half row

Per

Machine

Half row

position

Per position
(2 rows)

(2 rows)
Broekemahoeve

Potato

REF

Hand

6m

Per row

Hand

5-10 kg

Per row

Machine

Entire row

Per row

Machine

5-10 kg

Per position

SCALE,
REF
STRIP,
REF
STRIP
6M
STRIP,
STRIP

(2 rows)

ADD,
STRIP
VAR,
REF
TIME
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Cabbage

All

Hand

5 cabbages

Per row

Hand

2 heads

Per row

Carrot

All

Machine

5m

Per row

Machine

1.5- 3kg

Per row

Potato

All

Hand

6m

Per row

Hand

6m

Per row

Carrot

All

Hand

2*3m

Per row

Hand

2*3m

Per row

Cabbage

All

Hand

6m

Per row

Hand

2 heads

Per row

Leek

All

Hand

6m

Per row

Hand

2 plants

Per row

* At ERF, three rows were harvested for the 6, 12, and 24-meter strip of carrots and potato. These rows were the two edges and one center
row. For 48-meter strip of carrot, the middle six rows were harvested. For 48-meter strip of potato, the two edges and middle four rows
were harvested.
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Appendix C. Graphs of raw data from data collection

Figure D1. Distribution of the dry matter yield of potato, carrot, cauliflower/per strip width
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Figure D2. Distribution of the dry matter yield of potato, cabbage, carrot, leek, wheat, and barley per treatment
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Appendix D. Graphs of raw data and fitted values of each crops of different crop combination

Figure E1. Distribution of dry matter yield of potato per crop combination ranking from least to most diverse (left to right) with the fitted
value connected by lines

Figure E2. Distribution of dry matter yield of cabbage per crop combination ranking from least to most diverse (left to right) with the fitted
value connected by lines
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Figure E3. Distribution of dry matter yield of carrot per crop combination ranking from least to most diverse (left to right) with the fitted
value connected by lines

Figure E4. Distribution of dry matter yield of leek per crop combination ranking from least to most diverse (left to right) with the
fitted value connected by lines
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Figure E5. Distribution of dry matter yield of wheat per crop combination ranking from least to most diverse (left to right) with the fitted
value connected by lines

Figure E6. Distribution of dry matter yield of barley per crop combination ranking from least to most diverse (left to right) with the fitted
value connected by lines
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Appendix E. Nested Mixed-Effects Models for Statistical Analysis in R
The fixed and random effects included in the models were listed in the Methodology. For coding purpose, treatment was
rewritten as “treatment_R”, strip with as “strip_width”, and crop combination as “plant_combination”.
Models selection was based on the Akaike Information Criteria (AIC)

A. Strip Width
Cabbage: lmer(DM_yield_kg_m2 ~ strip_width + (1|year), data = brassica_1718_sw_m)
Carrot:

lmer(DM_yield_kg_m2 ~ strip_width + (1|year) + (1|line), data = carrot_1819_sw)

Potato:

lmer(DM_yield_kg_m2 ~ strip_width + (1|year), data = potato_171819_sw_m)

B. Treatment
Barley:

lmer(DM_yield_kg_m2 ~ treatment_R + (1 |field/position), data = X2019_Droevendaal_barley)

Cabbage: lmer(DM_yield_kg_m2 ~ treatment_R + (1|year) + (1|location/field), data = cabbage_1819)
Carrot:

lmer(DM_yield_kg_m2 ~ treatment_R + (1|year), data = carrot_1819)

Leek:

lmer(DM_yield_kg_m2 ~ plant_combination + (1|year), data = leek_1819)

Potato:

glmer(DM_yield_kg_m2 ~ treatment_R + (1|location), data = potato_1819, family = Gamma)

Wheat:

glmer(DM_yield_kg_m2 ~ treatment_R + (1|field), data = X2019_Droevendaal_wheat, family = Gamma)

C. Crop combination

Barley:

lmer(DM_yield_kg_m2 ~ plant_combination + (1|field/line), data = X2019_Droevendaal_barley)

Cabbage: lmer(DM_yield_kg_m2 ~ plant_combination + (1|year) + (1|location/block), data = cabbage_PC)
Carrot:

lmer(DM_yield_kg_m2 ~ plant_combination + (1|year), data = carrot_1819)

Leek:

lmer(DM_yield_kg_m2 ~ plant_combination + (1|year), data = leek_1819)

Potato:

glmer(DM_yield_kg_m2 ~ plant_combination + (1|location), data = potato_PC, family = Gamma)

Wheat:

glmer(DM_yield_kg_m2 ~ plant_combination + (1|field/line), data = X2019_Droevendaal_wheat, family =

Gamma)

Glossary of variable terms:
“strip_width”: width of strip, 4 different strip width at ERF
“treatment_R”: the different manipulations of crops within the strip as experimental design
“plant_combination”: representation of one main crop with its neighboring plants
“year”: the year in which data was collected
“location”: the different experimental field as Droevendaal, Brokemahoeve/Lelystad, Strijen, and

ERF (see Appendix A).

“field”: patches of land within a location. There were 5 fields in Droevendaal, 2 in Lelystad, 1 in Strijen and ERF
“block”: patches of land within a field with a certain crop combination. There were 3 blocks in Droevendaal, 4 in Lelystad
and ERF, 1 in Strijen.
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“line”: a set of rows of a crop alternating with another strip of another crop. Number of lines varied with treatments and
locations.
“position: The location of crop within a strip. 2 positions (middle or edge) per strip in all locations.
“DM_yield_kg_m2”: The dry matter yield of the crop in kilogram per square meter
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