Mixed
cropping
works better
Large fields of one crop: the ideal in arable farming. But
growing a variety of crops in strips or rows leads to fewer
diseases and pests, as well as a more attractive landscape.
‘When I first heard that farmers were getting higher yields
with mixed cropping, I didn’t believe a word of it.’
TEXT MARION DE BOO PHOTOS GUY AKKERMANS INFOGRAPHIC JORRIS VERBOON

I

n the crop farming of the future, noisy, heavy tractors
will make way for light, clean driverless transporters
with which you can position all sorts of little field
robots to do the harrowing, sowing, planting or
harvesting. They run on solar power or local biofuel,
propelling themselves on four swivelling castors along
rows between the beds, guided in part by GPS signals. In
the spring you can use them to transport sowing seed,
fertilizer or plant material, and in the autumn to
transport the harvest. The little carts the robots are on
are transported from the shed to the field and back on a
carrier on rails. Storage, loading and unloading, sowing,
harvesting and other jobs are all done completely
autonomously. ‘These little machines have time on their
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side,’ says mechanical engineer Wim Steverink from
Tollebeek in the Flevo polder. ‘They work day and night,
so they can get a lot of work done in 24 hours, small as
they are.’
But things are not that far yet. So far on Steverink’s
website, this Lasting Fields concept only appears in an
animation film, but he has already registered his design
as a brand name. Last year Lasting Fields came in for an
encouragement prize from the Innovation Fund.
Steverink sees all sorts of advantages. ‘Instead of large
fields of monocultures you will soon be able to grow
crops in narrower strips. Mixed cropping leads to a
reduction in diseases and pests, higher yields and a
more attractive landscape. What is more, there is
>
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‘In strips we find 16 natural
enemies per 5 square metres;
in a monoculture, 4’

MONOCULTURE
A monotonous landscape

No natural
barriers for
diseases

Little shelter
available to
useful insects

less pressure on the soil with light machinery, causing
less damage to the structure. And it is energy-saving.
On average it saves 200 litres of diesel oil per hectare
per year.’
Most of the machinery parts in Lasting Fields are
components Steverink has previous experience of
building. ‘The technology is no problem, I reckon.
The main issue will be to organize the automatization
properly and take lots of safety precautions. There
could be children playing, or a dog could get into the
field, for instance. But if we can drive on the
motorway in driverless cars in 10 or 15 years’ time,
we can do this too!’
As a first step, Steverink is now working on a special
plough, which follows set tracks through the fields. He
is doing this within the SMARAGD research programme
for smart and sustainable technology and robotization
in crop farming. In this public-private collaborative
project in the Agrifood top sector, Wageningen Plant
Research is working with agriculture and horticulture
organization LTO Noord and about 15 private partners,
including Bayer, SuikerUnie and Rabobank.
BUZZING BEES
With small-scale autonomous machines, the crop
farming of the future will look quite different.
Monotonous monocultures will make way for colourful
mixed cropping. Dirk van Apeldoorn of the Farming
Systems Ecology chair group is experimenting with this
on the Droevendaal organic experimental and teaching

36

WAGENINGENWORLD

Heavy tractors and
machines ruin the soil
structure, causing loss
of yield

farm in Wageningen. Thanks to the lovely warm spring
the winter oilseed rape is in full bloom and the bees and
hoverflies are buzzing around us cheerfully. ‘This place
is full of partridges and pheasants,’ says Van Apeldoorn
with satisfaction. He crouches down among the plants.
Little spiders with big black jaws run over his hands. ‘It
is crawling with soil life here. Beetles, woodlice, you
name it… the more biodiversity, the more stable the
ecosystem and the fewer diseases and pests you get. In
winter the soil fauna all hide in the ground, in the winter
oilseed rape, the clover or in strips planted with ‘green
manure’ (crops grown to be ploughed in). In the
growing season a specially developed strip of flowers
provides food and shelter for ichneumon wasps,
hoverflies and other useful natural enemies. In wheat
grown in strips we find 16 natural enemies per five
square metres; in a monoculture of wheat, only four.’
One of Van Apeldoorn’s findings was that there are
always fewer cases of the potato blight Phytophthora in
strip cropping than in a large field. ‘Year in, year out, for
six whole years. Healthy plants can go on growing
longer and produce more tubers.’
This spring, the organic farm ERF and several
Wageningen research groups started an experiment on
45 hectares. You can see it along the A6 motorway near
the Almere Buiten junction. There are no vast fields of
potatoes or beets stretching to the horizon here, but a
colourful variety of many different crops next to each
other. Van Apeldoorn: ‘The company wants to get away
from the old-fashioned idea of organic farming with
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FUTURE SCENARIO FOR MIXED CROPPING
Better use of sunlight.
Better developed root
system. Higher yields
as a result

A varied landscape
Small field
robots which
perform tasks
such as sowing
and harvesting
24 hours a day

Driverless
wagons on rails

Slower
spreading of
diseases

Light machines and
therefore less damage
to the soil structure

Continuous
shelter for
useful insects

your hands tied – with any spraying or intervention no
go – to an active approach geared to working with nature
in an efficient way. And strip cropping is an interesting
option.’
Besides ERF, the organic crop farm De Graanrepubliek
in North Groningen is trying strip cropping this season.
Four more organic farms will follow suit next year. Van
Apeldoorn: ‘We have got the go-ahead for an EU project
(DiverImpact) in which we are going to set up and
monitor a practice group. We are starting with
60 farmers who expressed interest in working with this
at the organic farming fair Biobeurs in February.’
INTERMINGLED PLANTING
For thousands of years, farmers intermingled different
crops in one field. And small farmers still do so in
Africa, India and China, where labour is cheap. In
western agriculture, however, widespread use of
mechanization, artificial fertilizer and pesticides since
the Second World War has led to upscaling and
monoculture. ‘So we are coming up against our limits,’

‘A lot of young farmers
are open to innovation’

says Wijnand Sukkel, a researcher in sustainable
agriculture at Wageningen Plant Research. ‘In a
monoculture, diseases and pests spread at lightning
speed. If you grow five hectares of potatoes all together,
a potato blight such as Phytophthora goes through the
field like wildfire, with nothing to stop it. And once the
potatoes are harvested, all you are left with is a bare
desert. All the useful insects such as spiders and beetles,
which live on the ground and eat destructive aphids, die
because they cannot find food or shelter on the bare
field.’
In mixed cropping, when one crop is harvested, useful
soil dwellers can take refuge in the other crop and then
in strips with green manure crops, so there is always
somewhere to take refuge. ‘They very soon find their way
to them. A ground beetle easily covers 10 metres a day
and if it’s hungry, 15,’ says Sukkel. ‘Mixed cropping
makes crops more resilient. For organic farmers, who
have far fewer options for combatting diseases and
pests, the need is greater. But even in conventional
agriculture, the need to grow healthy crops is increasing,
because half of all the pesticides currently in use are due
to be taken out of circulation. What is more, everyone
agrees that the trend to use ever heavier machinery has
gone quite far enough. The machines of the future will
be lighter, smaller, and do less damage to the soil
structure.’
Smart combinations of crops are important. The carrot
fly can’t stand the smell of onions, and the onion fly
doesn’t like the smell of carrots. The pea aphid stops >
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in its tracks as soon as it encounters a wheat plant, while
the wheat aphid is not at all interested in peas. Finding
the best combinations of crops is a science in itself.
SET TRACKS
The most practical option for the time being, Sukkel
argues, is strips three to six metres wide, so that the
farmer can work with a standard tractor with a ‘working
width’ of three metres. ‘Nowadays every farmer has a
tractor with GPS, with which some farmers already
follow set trajectories. That makes it less of a step to sow
and tend the crop in strips. Heavy machinery spoils the
soil structure. Years of soil compaction on sandy soils in
the Netherlands is already causing harvest losses of
10 percent. With strip cropping and a system of fixed
tracks, at least the soil on the strips between the tracks
will not be further compacted.’
The ground is not completely ploughed over but lightly
tilled to a shallow depth, to minimize disturbance to the
soil life. A healthy soil life helps make it possible to nip a
lot of diseases and pests in the bud. Sukkel: ‘If you turn
over the soil to a depth of 30 centimetres every year, you
bury the soil life.’
Instead of planting in strips you could also alternate
crops in each single row, or even intermingle then at
random. ‘Many small farmers in developing countries
grow their crops in rows,’ explains researcher Tjeerd-Jan
Stomph of the Centre for Crop Systems Analysis at
Wageningen University & Research. ‘They still weed and
harvest everything by hand. In the mechanized
agriculture of the west you only see mixed cropping with
crops that are harvested mechanically at the same time,
such as a mix of clover and grass, grown as fodder for
cows.’
This kind of mix has several advantages. When different
species of plant grow together, they influence each
other. ‘Interactions come about in the capturing of light
and the uptake of water and nutrients,’ says Stomph’s
colleague Wopke van der Werf. He supervises five
Chinese PhD candidates. Mixed cropping is very
common in north-western China. Van der Werf: ‘When I
first heard people saying that farmers got higher yields
than with monocultures, I didn’t believe a word of it. But
it turns out to be true.’
Recent PhD graduate Fang Gou was the first to conduct
a field experiment under Dutch conditions. For two
years in Wageningen, she grew a crop combination of
six rows of summer wheat interspersed with two rows of
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‘In a monoculture a
disease spreads through
a field like wildfire’

maize. The wheat was sown in March and harvested in
June or July. The maize was only planted in April or May
and was harvested in September or October. The wheat
plants around the edges of the field get off to a
particularly flying start because they get more sunlight
and can take root better. The young maize plants are
somewhat overshadowed by the wheat at first but they
catch up once the wheat has been harvested. ‘The
sunlight doesn’t just reach them from above but from
the sides as well,’ says Van der Werf. ‘And they also form
a much better root system, with which they take up more
water and nutrients. The roots develop fast underneath
the wheat. And the wheat plants, which sense this
competition, start forming better roots of their own in
turn.’ In a year with a nice warm late summer with
plenty of rain, 100 hectares of maize and wheat can
produce as much as 120 hectares with monocultures of
the crops grown separately.
VIABLE
The biggest hindrance to introducing intensive mixed
cropping, in which crops might be alternated every
second row, is the current mechanization system, which
is geared to monocultures. Low labour costs are crucial
in arable farming and robots will therefore need to
provide a way of making mixed cropping profitable. And
that robotization is now getting off the ground. There is
a four-armed robot which looks at individual plants
through a small camera and sprays a tiny amount of
herbicide on them if it spots a weed. This spray robot
costs about 50,000 euros, whereas a conventional
driverless spraying machine costs at least five times that
much – to say nothing of the big savings in pesticides
and labour costs. The second difficulty in introducing
intensive mixed cropping concerns the varieties
available. For the past 100 years, modern varieties have
been developed to thrive in monocultures, with heavy
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nitrogen fertilization and ploughed soil, and they only
perform well under those conditions. For mixed
cropping, the question arises of which root types are
most compatible. Do you need deep root systems or
shallow ones? Combinations that include fruit trees or
other trees might be of interest too.
Experiments with strip cultivation have been going on at
Wageningen Plant Research in Lelystad since 2012. No
robots are needed for this. You can work a three metrewide strip with an ordinary tractor. In the first instance,
they cultivated six strips with six different crops, but it
has now become clear that a less complicated scheme
can work just as well. The study is looking at the best
order to grow the crops in. ‘We don’t want crops getting
infected with pests and diseases coming from harvest
waste left behind on the land,’ says Sukkel.
According to Sukkel, there is a lot of interest among
farmers. ‘A few years ago the farming population was
aging but now a new generation of highly educated,
ambitious young farmers has appeared on the scene.
They are open to innovation. Needless to say, we first
want to see whether it works and how it works. So as a
first step we are trying to promote strip cultivation. It
makes the landscape more attractive. It increases
biodiversity and it will attract more birds. In hilly areas,
strip cultivation has the added advantage that you get
less erosion.’
TURNING A TRUCK
On the organic arable farm NZ27 near Zeewolde, the
Monsma family is experimenting with strip cultivation
for the third year running. ‘We have a large farm of
275 hectares, two of which we have sown in strips,’ says
Douwe Monsma. ‘In the first year we had strips of six
metres wide, in the second year we made them 12 metres
wide, and this year we are going for 24 metres. We grow
the same crops as we have on the rest of the farm:
potatoes, onions, sweetcorn, grass with clover, and
carrots. The biggest issue was the mechanization. We
have very large, wide tractors and that makes those
narrow strips very impractical. You have to work on
different crops at different times. And you’ve got to be
able to turn around that heavy tractor, your potato
harvester or your tipper truck. Inadvertently, you do a lot
of damage when you do that. You have no room for
manoeuvre, so you have to drive over the same bit over
and over again. And that is exactly how you damage the
soil.’ The appropriate length and breadth of the tracks

Researchers in a trial field in Wageningen with a mixed crop of wheat and maize.

and crop strips is the subject of further research within
the SMARAGD project.
The incidence of disease in Monsma’s crops was not as
good as hoped. This was probably because of the alder
hedge surrounding the field, from which a lot of
destructive insects crawled into the crops. Monsma;
‘Our cabbage was really decimated by caterpillars and
aphids; they descended on it from all directions.’
But Monsma still stands by the principle. ‘It is good to
provide shelter for useful insects. A ground beetle is a
real predator and cleans up caterpillars, thrips and
aphids. You benefit a lot from that.’ He expects that it
will be more worthwhile to invest in advanced, smart,
small machines for more intensively farmed crops such
as outdoor vegetables than for cereal crops. ‘I would
quite like to have a few robots working autonomously
here, instead of those heavy harvesters. But then you do
have to be able to rely on them. In the US and Australia,
driverless tractors are already in use which can do the
harrowing and sowing autonomously. Who knows, that
may come here too. Then we can all go off to the theatre
and have fun.’ W
wur.eu/intercropping
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