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By 2050 there will be more than nine billion people on Earth. They 
will all need to be fed. The arable land available today is already 
suffering from climate change, erosion or depletion. Researchers 
agree that digitization and new technologies could revolutionize 
the agricultural sector. Together they have developed a vision that  
combines environmental and climate protection with food security: 
the digital agriculture of the future.

THE DIGITAL  
AGRICULTURE OF THE 

FUTURE 
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The year is 2050. Farmer Meyer inspects his fields. A drone flies above him and 
measures the biomass on his fields. The data advise him on the optimal time to 
harvest. Field robots clear the weeds between the turnips which are growing in 
a hollow. Other autonomous machines fertilize the wheat standing on an adjoi-
ning small slope. Prior to this, they used sensitive sensors to determine exactly 
which nutrients the plants are lacking. The farmer is satisfied. All the plants look 
healthy and strong. In late summer, he will reap a good harvest. 

Meyer is now able to grow up to five crops on a single field. He has also 
created an ecological conservation area, in order to contribute to nature conser-
vation. From the perspective of the drone, the field looks like a colorful patchwork 
carpet. But behind this apparent chaos there is a sophisticated system. Every 
plant grows exactly in the place where its needs are best met. Farmer Meyer has 
used a part of his field, where crops were always stunted in recent years due to 
sandy and nutrient-poor soil, to plant a wildflower strip. Insects hum between 
the daisies , lupins and mallows. The farmer drew up the plan for his crop cul-
tivation this year using a digital system. 

PROTECTION THROUGH DIGITAL MANAGEMENT 

Back to the year 2018. Overfertilization, soil erosion, insect decline or huge 
monocultures – these are some of the problems modern agriculture is facing. 
Climate change and extreme weather events add to these problems. At the same 
time, global population is growing rapidly. In the next 40 years, agriculture 
needs to produce as much food as it has produced in total in the past 8000 years. 
To meet this challenge, researchers from ten scientific institutions under the 
leadership of the Leibniz Centre for Agricultural Landscape Research (ZALF) 
are working on a new concept to revolutionize agriculture. The project is called 
the “Digital Agricultural Knowledge and Information System” (DAKIS) and is 
funded by the Federal Ministry of Education and Research. Its launch is plan-
ned for spring 2019. Digitization is at the heart of DAKIS: Robotics, sensors and 
computer models will be used to produce in a manner that is more economically 
efficient and at the same time more environmentally sustainable.

This requires a shift in thinking. Up until now, the primary goal of agri-
culture has been to achieve the highest possible yields. With the machinery, 
pesticides and fertilizers at their disposal today, farms are maximizing the 
output from their fields. Ultimately, the yield level determines their income.
However, the fact that soils, biodiversity and climate are suffering under this 
economic pressure can no longer be ignored. If the agriculture of the future is 

to feed nine billion people or more, the course must be set today for a resource-
friendly, efficient and flexible cultivation. 

DAKIS aims to bundle and make available the necessary knowledge to 
achieve this. “Our goal is to create a decision-making and support tool for the 
farms”, explains Prof. Sonoko Bellingrath-Kimura, coordinator of the project 
and agricultural scientist at ZALF. “In the future, agriculture will have to address 
many more aspects than it does today”, explains the researcher. The industry 
is confronted with far-reaching decisions. “Many farmers are aware that they 
must not only cultivate the land, but also preserve it”, the scientist points out. 
They also see soil erosion, extreme thunderstorms or species extinction as sig-
nals that need a response. “Farms may do more, but often lack the knowledge of 
the best method, which at the end of the day must also be economically viable.” 

This is precisely where DAKIS comes into play. “Digitization makes it 
possible to describe and solve very complex problems. We must make use of 
these opportunities now”, urges Bellingrath-Kimura. Agricultural research, 
economics, sociology, computer science but also legal studies– more than 30 
researchers are working closely together in order to implement this vision of 
the future. They have already spent three years collecting ideas and fine-tuning 
their research plan. 

Farms must be able 
to help shape the 

future, otherwise we 
will end up with a 

system that  
nobody wants. 

PROF. DR. SONOKO DOROTHE A  

BELL INGRATH-KIMURA
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DATA FOR THE FUTURE 

Now things are starting to get serious. The first task is to collect a vast amount 
of data. With the help of satellites and drones, the research teams will identify, 
for example, which landscape structures are surrounding fields and pastures 
or which topographical features are present. Sensors on tractors determine soil 
characteristics and its nutrient content, other devices measure soil moisture. 
Using these and a lot more other data, the team learns about the ecological con-
dition of the land. It develops models to predict how environmental parameters 
or productivity will change under different types of cultivation. 

In the coming months, the researchers will start their investigations in 
two very different test regions. One lies in the Bavarian market town of Ruhstorf 
an der Rott, the other in Brandenburg’s Uckermark. With the help of the local 
agricultural community, the research team will calculate the economic costs 
of specific farming methods, determine the wishes and needs of the population 
through workshops and determine what incentives are necessary in order to 
establish a new approach to agriculture. “Farmers must be able to help shape 
the future, otherwise we will end up with a system that nobody wants”, empha-
sizes Bellingrath-Kimura. 

All this data eventually flows into a huge database: Every farm should 
ultimately be able to make use of it to make important decisions. To this end, 
the goal of land management must first be defined. Instead of simply produ-
cing food as cheaply as possible, it might make more sense to prioritize climate 
protection or biodiversity on some of the land. If, for example, there is a water 
body with rare plants and animals near a field, the amount of fertilizer applied 
might be reduced in order to protect it. Yields may be reduced, but freshwater 
pearl mussels or brown trout can only survive in clean and clear bodies of water. 

THE PRICE OF DIVERSITY 

“How much would we be willing to pay for this?” Bellingrath-Kimura asks this 
crucial question. “If society says: ‘We would like more bees’, then we must also 
offer something in return”. This is also a task for the DAKIS research: creating 
new business models for agriculture. 

The autonomous robots of the “BoniRob” platform, developed in cooperation 
between industrial manufacturers and research institutes, can already selectively 
remove weeds and communicate with drones. 

Digitization offers new ways of  
describing and solving very  

complex problems in  
agriculture.

PROF. DR. SONOKO DOROTHE A  

BELL INGRATH-KIMURA

DIGITAL AGRICULTURE
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Experts refer to “ecosystem services” as the benefits that humanity derives 
from its environment, if it is intact. These include clean drinking water filtered 
through the soil, the pollination of fruit trees and vegetable crops, and protec-
tion against flooding. Without these services, human life on Earth would not 
be possible. In a 1997 study, scientists valued ecosystem services at 33 trillion 
US dollars per year – a 14-digit figure. 

In their vision of the agriculture of the future, the research team is also 
looking at how existing land can be used even more efficiently. “It’s not about 
turning whole fields into flower beds”, smiles Bellingrath-Kimura. Having grown 
up in Japan, the scientist also knows another type of agriculture in which smaller 
fields are cultivated more intensively. Sustainable intensification is the keyword 
for the future. This includes small autonomous agricultural machines that ferti-
lize, water or weed as needed, as well as adapted cultivars and new crop rotations. 

AGRICULTURE WITH APPS AND ROBOTS 

Before the vision of a new agriculture can take shape, there is still a lot for science 
to do. But one thing is clear: In 30 years’ time, Farmer Meyer will farm very dif-
ferently than his father today. He will probably plan his cultivation by app, based 
on sensor technology that measures his fields down to the tiniest detail and on 
analyses that mathematically determine the best cultivation concept according 

to market prices, climatic conditions and protection aspects. Throughout the 
year, the app will provide him with suggestions and decision-making aids for 
optimizing cultivation – after all, it will also be using real-time measurements 
that are continuously fed into the system. 

The concepts of organic and conventional cultivation will no longer 
play a role in the world of Farmer Meyer. Because for him and his colleagues,  
farming that protects ecosystem services in his fields and in the environment is 
a matter of course. And for his customers it is also a matter of course to reward 
him for this. 

PROF. DR. SONOKO DOROTHEA 
BELLINGRATH-KIMURA

studied agriculture at the University of 
Agriculture and Technology in Tokyo 
(Japan). She has been working at the Leibniz 
Centre for Agricultural Landscape Research 
since 2015 and is Co-Head of Research Area 
2 “Land Use and Governance”.  Additionally, 
she is Professor of Land Use Systems at the 
Humboldt Universität zu Berlin. 

How do consumers, society or  
politicians reward farmers who 
reap lower yields or produce more  
expensive crops but in return tackle 
climate change or protect species? 

www.zalf.de/feld/en

It’s not about  
turning whole fields  

into flower beds.

PROF. DR. SONOKO DOROTHE A  

BELL INGRATH-KIMURA
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Extreme weather conditions continue to occur more often. Hot, 
almost precipitation-free summers alternate with unusually heavy 
rainfall. Hail, storm, new pests and diseases destroy entire harvests. 
Throughout the world, agriculture is trying to adapt to changing 
climatic conditions. A survey spanning Europe now shows: More 
diversity in the fields can protect – and even increase yields. 

AGRICULTURE IN  
CHAOTIC WEATHER 
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The agricultural researcher Dr. Ahmad Hamidov is well aware of the devas-
tating effects climate change can have on agriculture from his home country 
Uzbekistan. A large proportion of the fields are intensively irrigated there. For 
decades, agriculture has therefore not only been struggling with declining water 
levels in lakes and rivers, but also with saline soils. As temperatures rise, the 
problem increases, because the more water evaporates, the more salt remains 
in the upper soil layers. To prevent further damage to the soil, new cultivation 
methods must be adapted to the changing climatic conditions. Not only in 
Uzbekistan, but all over the world. 

At the Leibniz Centre for Agricultural Landscape Research (ZALF), Hamidov 
is researching the consequences of this adaptation with a focus on European 
agriculture, because here too the effects of climate change have become more 
acute in recent years. The focus of his research, funded by the EU and the Fede-
ral Ministry of Education and Research in the MACSUR project, is on the soil. 
What is the effect of farms cultivating and planting their fields differently in 
order to safeguard their harvests? “We still know very little about this”, exp-
lains Hamidov. “Science is looking more and more closely at the direct conse-
quences of climate change, such as increased soil erosion or drought. But the 
indirect consequences resulting from a change in land use have hardly been 
considered so far.” 

Yet it is precisely these processes that are so important for our future, 
says Hamidov. We are talking about food security for almost nine billion peo-
ple. And about the sustainability goals of the United Nations, which aim to end 
hunger, combat climate change, conserve natural resources and stop the dete-
rioration of soil fertility by the year 2030. These goals can hardly be achieved 
without responsible soil management. 

As a result of unsustainable irrigation management, the salinisation of cultivated land 
is very widespread in Uzbekistan, often leading to crop losses and declining yields.  
Here is a cotton field in the Khorezm Region. 

There is no  
simple solution. 

DR. AHMAD HAMIDOV

SOIL SOIL
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Hamidov and his team are analyzing the research results from 20 different stu-
dies across Europe to find out which strategies for adapting to climate change 
have a positive impact on the soil and which are more likely to harm it. A healthy 
soil purifies water, stores nutrients, is a habitat and gene pool, and provides food, 
raw materials and biomass. It also acts as a climate protector by storing vast 
amounts of organic carbon as humus. If the sensitive soil structure is disturbed 

– for example by salinisation, erosion or compaction – then all of these functions 
are impaired. The studies evaluated range from Italy to Norway, from Spain to 
Romania. They reveal a diverse picture. The climate is generally more humid in 
Scandinavia and drier in southern Europe. The respective challenges – and the 
necessary strategies for adaptation – are accordingly different. 

In addition, the climate models make different predictions for the indi-
vidual regions. Whereas more precipitation is expected in northern Europe, it 
will become even drier in the south. The Scandinavian farms will have to drain 
their soil; the Spanish or Greek farmers will have to irrigate more or rely on 
drought-resistant plants. In some areas it will be necessary to convert arable 
land into grassland in order to achieve the sustainability objectives and improve 
soil health. The fertilization of the crops and the cultivation of the soil must also 
be adapted individually. “There is no simple solution”, emphasizes Hamidov.

IT’S THE DIVERSITY THAT COUNTS 

No matter how different the effects of the climate may be on agriculture in 
Europe, the analyses clearly show that the most promising adaptation strate-
gies are those that focus on changed crop rotations and new crops. The farms 
that bring more diversity to their fields minimize the risk of losses and suppress 
diseases. Diversity makes the systems more resistant. 

In Brandenburg, the soybean is one such new crop cultivar that is gradu-
ally finding its way onto the local fields. “It is a completely new, promising crop 
that is finding the conditions here increasingly favorable as a result of climate 
change”, says Hamidov. With its deep root system, it can tap water and nutrient 
resources that are inaccessible to other plants. In addition, the plant uses nitro-
gen from the air by forming a symbiotic relationship with nodule bacteria. Both 
factors make the soybean for agriculture more and more attractive, especially 
since the demand for the protein-rich legumes is high. Other leguminous crops 
such as beans, vetches or lupins have similar properties, but are less marketable. 

Hemp grown for fiber could also be a plant of the future. It is a true all-
rounder among crop plants. Natural fiber is already being used as an insulating 
material today. The seeds provide valuable oil for the cosmetics and food indus-
tries. And it has “a wonderful root system”,  says Hamidov. 

In Spain we will see more irrigation systems in the future, such as this drip irrigation for 
more effective water use (left). In Northern Europe, on the other hand, it is necessary 
to provide overly moist fields with drainage ditches (right). 

SOIL SOIL
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INITIAL OVERVIEW

In its meta-study, the ZALF team led by Hamidov merged the knowledge from 
various studies and provided an overview of the consequences of adapted agri-
culture in Europe for the first time. In the coming years, the focus will now be 
on developing strategies and new value chains together with decision-makers. 
The farms should receive the best possible support in order to be well prepared 
for climate change and at the same time be able to protect the soil. “Most of 
them are also willing to do it”, says Hamidov. 

There is still a lot to do on the research side as well, as the soil has not 
yet revealed all of its secrets. We do not yet know enough about its biodiversity. 
Not only do earthworms and moles live in it, but millions and millions of bac-
teria, fungi and micro-organisms populate every cubic centimeter. They play 
a decisive role in determining how healthy and productive a soil is. Yet how 
exactly they do this is still largely misunderstood. 

Business as usual – that much is clear for Hamidov – is certainly not an 
option in the face of climate change. Adapted agriculture is not only necessary 
to prevent future losses in food production. “Successful adaptation”, he explains, 

“even has the potential to increase agricultural production.” 

Hemp grown for fiber is a true all-rounder, which can be used in the cosmetics and food 
industries, among others. In addition, its compact growth protects the soil very effec-
tively against erosion and suppresses weeds.

Business as usual is  
not an option. 

DR. AHMAD HAMIDOV

www.zalf.de/feld/en

SOIL SOIL
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WHAT ARE THE BENEFITS OF 
DIGITIZING AGRICULTURE? 

Landscapes provide us with an abundance of services. Agricultural production is 
a crucial part of the overall system as it directly or indirectly influences all other 
services. It is therefore important to have a detailed understanding of the causes 
and effects of changes in landscapes. This is where digitization opens up new 

possibilities. 
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LANDSCAPE DATA IS RECORDED 

In the »DAKIS« project, a landscape monitoring system is being set up in two 
research regions in northern and southern Germany. Sensors in soil, water, air 
and space monitor landscape parameters in real time. This data is combined 
with market information to form an intelligent decision support system 

(DAKIS). 
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LANDSCAPE DATA IS RECORDED 
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Agricultural 
research results
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MORE SUSTAINABLE LANDSCAPES THROUGH 
NETWORKED AGRICULTURE

DAKIS networks data, information and actors and provides recommendations 
for the adaptation of agriculture. These take into account interactions with 
other services provided by landscapes and combine economic productivity with 

environmentally friendly agriculture. 

Agricultural 
research results

How can I reduce 
the use of 
pesticides?

Legal, 
political and 

social demands

Which fruit 
should I grow and when 
should I harvest them?

How can I save 
water and 
fertilizer?

Where do robots 
need to pull out weeds?

Which new 
technologies can I 
use to improve my 
cultivation system?

DAKIS-SYSTEM
Digital Agricultural

Knowledge and
Information System

MORE SUSTAINABLE LANDSCAPES THROUGH 
NETWORKED AGRICULTURE
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Based on plant waste a substrate is produced that increases soil 
fertility and crop yields. Biochar was already used as a fertilizer in 
South America thousands of years ago. The black substrate not only 
improves plant growth, but also acts as a carbon sink. This “miracle 
coal” could become a sought-after resource in the coming years, 
especially in the cultivation of legumes or wherever fertilizer  
is too expensive. 

COAL FOR  
THE FIELDS 
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Their flowers are attractive, their seeds protein-rich and nutritious for humans 
and animals, but what is really special about them is hidden beneath the earth: 
Leguminous plants such as lupins, peas or soybeans have small spherical  
nodules at their roots. Millions and millions of bacteria live within them, forming 
a symbiosis with the plant from which both sides benefit. The micro-organisms, 
also known as nodule bacteria, provide the plants with a valuable nutrient. They 
fix nitrogen from the air and thus make it available to the plant. In return, the 
plant provides its tiny roommates with food. 

Without this symbiosis, the plants develop stunted growth. The soil bacteria 
supply them with a large part of their nitrogen requirement. The plants, however, 
are selective: Each species only forms a connection with very specific bacteria. 
While beans or peas easily find their partners in the local soil, it is more difficult 
for the soybean because corresponding nodule bacteria are not indigeneous in 
Central Europe. Anyone growing soybeans in Germany must therefore intro-
duce suitable soil bacteria into the soil together with the seed. 

BIOCHAR AS A SURVIVAL CAPSULE FOR MICROBES 

Agricultural researcher Dr. Dilfuza Egamberdieva has been studying this close 
symbiosis between plants and bacteria for a long time. And she knows that in 
some years it is not possible to combine soybeans and nodule bacteria success-
fully. In these years, the plants remain small and the yields low. The reason 
for this: “If it is very dry before the bacteria can form a symbiosis, they die”, 
explains the researcher. If it does not rain after sowing, the fate of the micro-
organisms is sealed. 

If it is very dry,  
the soil bacteria die. 

DR. D ILFUZA EGAMBERDIE VA

BIOCHAR BIOCHAR
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One type of biochar is not the same as another. Whether wood, straw, maize, 
manure or digestate from biogas plants – the nutrient content and properties vary 
depending on the source material. 



However, the researcher has found a way out of this dilemma. Using experi-
ments in the field and in the greenhouse, she looked for a substrate in which the 
bacteria could better survive droughts. She found what she was looking for: If 
biochar was added to the soil, the organisms survived. 

Biochar is produced by a process that experts call pyrolysis. Plant resi-
dues, organic waste or even manure are heated to between 300 and 800 degrees 
Celsius in the absence of air. After half an hour, the material has turned into a 
deep black substrate reminiscent of charcoal. Research has been working inten-

sively on this topic for about ten years. Biochar exhibits numerous positive pro-
perties in the soil. This was already known to native South American cultures, 
which created an extremely fertile soil, called „Terra Preta“, thousands of years 
ago. Charred materials are an important component of this black earth. Like a 
sponge, they store water and nutrients and releases them gradually to the plants. 

“Biochar has microscopically small pores in which the bacteria can settle 
and where they are protected from drought and changing temperatures”, explains 
Egamberdieva. The substrate acts like a survival capsule in which the micro-
organisms survive during unfavorable conditions. If the seeds of the soybean 
germinate, the nodule bacteria are already waiting to colonize the roots. “More 
root nodules are formed with the help of biochar”, emphasizes the researcher. 
This means that the plants are larger and the yields higher because the plant is 
better supplied with nitrogen.

Biochar has 
microscopically  

small pores in which 
the bacteria can  

settle. 

DR. D ILFUZA EGAMBERDIE VA

BIOCHAR BIOCHAR
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For the field trials Dr. Dilfuza Egamberdieva applied a  
mixture of soil bacteria, ground biochar and soybean seeds 
in the fields. 



HIGHER SOIL FERTILITY WITH COAL 

But biochar can do much more. Because the substrate is degraded very slowly 
in the soil, it is an effective carbon sink. This is another reason why it is so inte-
resting for research. Other soil properties are improved as well. The microbial 
activity and the nutrient content rise, the proportion of organic components 
increases. In the long term, Egamberdieva expects soil fertility to increase – and 
with it the yield of other crop plants such as cereals or vegetables. This could also 
make the process interesting beyond the cultivation of legumes. 

However, not all issues have yet been clarified. Whether biochar has a 
positive effect on all plants and soils, or whether it can also be disadvantageous, 
requires further investigation. In the coming years Egamberdieva will inves-
tigate how biochar influences different crops and which type of biochar has a 
particularly positive effect. 

The researcher is already able to conclude today that the use of biochar 
is worthwhile for both the climate and the soil. Agriculture in developing coun-
tries in particular could benefit from the approach. Fertilizer is expensive here 
and the environmental conditions for crop production are often unfavorable. 

Several types of biochare are easy to produce and the necessary raw materials 
are available almost everywhere. However, this will require long-term approa-
ches on the part of politics and agriculture, as it will take several years for bio-
char to sustainably improve the soil. After all, the fertile terra preta soils of the 
Amazon did not grow overnight either. 

In pot experiments the researcher added some bio-
char to the soil substrate (left). In both approaches 
the plants with the carbon supplement grew better – 
especially when it was dry (right). 

www.zalf.de/feld/en

BIOCHAR BIOCHAR
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How unmanned aerial vehicles support  
landscape exploration 

DRONES USED  
IN RESEARCH 

Mr. Wehrhan, you work at ZALF as a drone 
pilot. Why does research need such aerial 
vehicles? 

If we want to collect comprehensive data in a 
landscape area, for example on vegetation or 
soil properties, we are currently dependent on 
satellite imagery. But despite technological pro-
gress, the resolution is too low to address some 
of our research questions. We have no control 
over the timing of the images and:  
Satellites cannot yet see through clouds. The 
only alternative so far has been surveys by air-
plane, but this is very costly and time-consu-
ming. Advances in drone technology now allow 
us to close this gap. Ever lighter and  
cheaper sensors and flight systems allow us to 
take much more flexible images, with a  
resolution of less than ten centimeters. 

How does a flight like this work with a 
drone? 

Our drone system “Tron” looks like a small  
glider with two small propeller engines. For 
most missions it flies at an altitude of up to 
200 meters at around 80 km / h. So far, such 
operations have only been permitted within 
the pilot’s field of vision, i.e. within a radius of 
around 600 meters. Flight times of approx.  
one hour and area coverage of approx. 100 hec-
tares are possible with this constellation. The 
flight route is first planned on the computer and 
then transferred to the autopilot. The flight is 
fully automatic. I’m on site with a remote con-
trol system, but I only intervene in emergencies. 

Could drones like these also be used in  
agriculture in the future? 

It is possible, but it depends on the task at hand. 
Drones like ours are suitable for wide-area sur-
veys of entire landscape sections. In order to be 
able to observe at the level of individual plants, 
quadrocopter drones are used that can fly much 
lower and more slowly. Heavy-duty drones, 
which can transport up to 500 kg, and robots 

on the ground then process this information, 
for example to apply pesticides or fertilizers 
only very locally and thus in an environmen-
tally friendly way – this would be a possible 
future scenario. 

What research question are you trying to 
answer from the air? 

We are currently using the drone in the  
CarboZALF 2.0 project to find out how much 
extra carbon agricultural land could store by 
adapting cultivation methods. This storage 
potential offers a great opportunity to capture 
a part of the global CO2 emissions in soils and 
at the same time increase soil fertility. Using 
the Tron, we determine the current degree of 
carbon saturation of the soil on the one hand 
and the carbon input into the soil via the crop 
plants on the other. In this way, we can identify 
the underutilized storage potential of the soils 
and adapt our land management accordingly. 

MARC WEHRHAN 

is a Geography graduate and has been working 
at ZALF since 2004 as a remote sensing specialist. 
In the Landscape Pedology working group he is  
concerned with the derivation of vegetation and 
soil properties from drone and satellite images as 
well as methods for land use classification. 

INTERVIEW
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The number makes you take notice: Since 2009, rice production in Pakistan 
has fallen by 30 percent. The reason for this lies in the rising temperatures. The 
country, one of the poorest in the world, is suffering from climate change. Heat, 
drought or flooding also affect other important crops such as wheat, cotton or 
millet. Dr. Muhammad Arshad wanted to know more about it and spent four 
months travelling the country of his birth with a team of four researchers. For 
his doctoral thesis, which was supported by the Higher Education Commission 
Pakistan and the German Academic Exchange Service, he visited 240 farms 
in 16 villages and eight different agro-ecological zones. He drove an off-road 
vehicle more than 2500 kilometers through mountains and lowlands, through 
humid and dry landscapes, in order to learn more about the living conditions 
of the farmers living there. 

Equipped with questionnaires, the research team wanted to find out 
how people‘s incomes are changing as a result of climate change. The team was 
therefore not only interested in the yields from the fields, but also in the effort 
required of the farms in order to achieve these yields. 

SMALL FARMS ARE PARTICULARLY VULNERABLE 

“The harvest alone is not an adequate indicator for assessing the economic 
consequences of climate change”, explains Prof. Harald Kächele. At ZALF, he 
supervises five young researchers from South Asia. They are investigating how 
climate change affects the lives of people in the South Asian region, which is 
one of the most agriculturally productive in the world. The aim of their research 
is to improve the living conditions of small producers in countries such as  
Pakistan, Iran and India. 

In Pakistan, the fields are often small and are managed by family farms. 
They cultivate their fields mostly in a simple, traditional way: Instead of using 
motorized agricultural machinery, they harness oxen in front of the plough. 

“The markets are also poorly regulated, the transport system is crumbling and 
many farms are dependent on intermediaries who pocket most of the profits”, 
Arshad describes the local difficulties. There are hardly any financial buffers to 
compensate for larger losses. Small farms, which account for 80 percent of farms 
but use only 20 percent of Pakistan‘s agricultural land, are particularly vulne-
rable to the risks of climate change. Back in Germany, Arshad used a statistical 
model to calculate the extent to which climate variables influence the economic 
efficiency of farms. He used weather data from 1980 to 2011 to determine on 
how many days the temperature in the growth phase of rice and wheat rose to 
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Climate change causes not only sea levels and temperatures to rise. 
In some regions of the world, climate models predict declining yields 
in agriculture. This will affect the world‘s poorer countries the most. 
One of these is Pakistan. The researcher Muhammad Arshad has 
investigated how the climate of the South Asian country has  
changed in recent decades and how this affects farms. 

LESS RAIN,  
LESS INCOME 

PAKISTAN
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STRATEGIES TO ADAPT TO THE CRISIS 

The data shows clearly: When temperatures were often above the limits, farms 
harvested less. The profitability of cultivation also declined with the yields. This 
loss could only be offset by further investments – more fertilizer, additional irri-
gation, expensive high-performance varieties or modern technologies. For many 
local people this is a threat to their livelihood. They lack the means to react to 
rising costs and often also knowledge about adaptation strategies: “The know-
ledge about cultivation is traditionally passed on from father to son”, explains 
Kächele. “If you hold on to this, although circumstances are changing, you’re 
trapped, because adaptation is needed.” Further training is becoming more and 
more important. Those who know early-flowering cultivars, that ripen before 
the great heat, would be able to cushion some of the losses. 

“Wheat and rice are the most important crops in Pakistan”, stresses 
Arshad. This will not change in the near future. However, the researcher sees 
an opportunity in additional market niches. Wheat farmers could also keep 
poultry or grow vegetables to supplement their income. 

Arshad also sees responsibility lying with the government: “Small busi-
nesses need subsidies so they can react to climate change.” First steps in this 
direction have already been taken: They have to pay lower taxes for energy and 
fuel. The state has also launched a major well construction program for addi-
tional irrigation. 

Arshad published the results of his research in the scientific journal 
Ecological Indicators. “It hit like a bolt out of the blue”, the scientist was happy 
to say. Not least because the authors shed light on the efficiency of cultivation 
and did not limit their research to only the yields. But visibility in the scientific 
community is not the most important thing. “The results only acquire relevance 
if they are also perceived at the political level”, says co-author Harald Kächele. 

“That’s what we’ll be working on in the coming years.” 

degrees that damaged the plants. Both plants are particularly sensitive during 
flowering: If it is too hot, they do not form grains. “Sometimes only a few hours 
of heat is enough”, Arshad explains. Things become critical for wheat from 35.5 
degrees Celsius, for rice from 34 degrees Celsius. 

In Pakistani small farms, agricultural work is often still manual work, 
such as weeding (left). Muhammad Arshad spoke with the respective 
heads of the family farms (right) in his interviews on yields and cultiva-
tion methods. Oxen are also used in field work (below). In many parts 
of Pakistan, they are useful not only for soil management, but also for 
pumping up groundwater or for transport purposes. www.zalf.de/feld/en
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NEWSNEWS

PROJECT LAUNCH 

MORE INSECTS IN  
AGRICULTURAL LANDSCAPES 

What is the impact of agriculture on insects and what 
do insect-friendly land use systems look like? Resear-
chers in the “FInAL – Facilitating insects in agricultural 
landscapes through renewable resources” project have 
been addressing these questions since October 2018. The 
joint project, funded with around five million euros by 
the German Federal Ministry of Food and Agriculture 
(BMEL) and coordinated by the Thünen Institute, is the 
first to examine large landscape areas in order to find 
out how the diversity and functionality of insects can 
be effectively increased. ZALF is providing a landscape 
laboratory in the Havelland Luch, northwest of Berlin. 
A total of three areas, representing the typical agricul-
tural environments of Germany, are to be researched. 

RESEARCH

SATELLITES OBSERVE AGRICULTURE 
IN GERMANY 

Researchers at the Humboldt Universität zu Berlin, 
and ZALF have used “machine learning” to design 
a method that makes it possible to identify currently 
cultivated arable crops from satellites. With this data, 
simulation models for a better understanding of the 
interactions between the climate, humans, plants and 
soil will become even more efficient in the future.

OPEN SCIENCE

DATA PUBLISHED FOR FREE  
SUBSEQUENT USE 

The effects of climate change and cultivation systems 
have been documented in the the agricultural and 
soil sciences for decades using long-term field trials. 
The “V140” trial has been running since 1963 at the 
ZALF site in Müncheberg, about 50 km east of Berlin. 
It is one of the few still active long-term field trials on 
sandy soil (https://dfv-karte.bonares.de/). Since Octo-
ber 2018, the resulting data have been freely available 
online in a standardized form: https://doi.org/10.20387/
BonaRes-BSVY-R418. 

RESEARCH

EXCELLENT RESEARCH USING 
ROBOTS

One of the major challenges in agricultural research 
is that of increasing crop production despite the limi-
ted amount of land available while at the same time 
reducing the ecological footprint . To achieve this, 
new methods and technologies are being researched in 
“PhenoRob – Robotics and Phenotyping for Sustainable 
Crop Production”, a Cluster of Excellence to observe, 
analyze, better understand and treat plants more pre-
cisely. “PhenoRob” was one of 57 projects selected for 
funding as part of the nationwide Excellence Strategy. 
ZALF is an associated partner in the project run by the 
University of Bonn and Forschungszentrum Jülich. 

EVENT: REVIEW 

ZALF AT THE INTERNATIONAL 
GREEN WEEK 

ZALF was presenting itself at the International Green 
Week in Berlin from January 18-27, 2019 with its 
research on the topic of “Agriculture and Climate 
Change”. Its main exhibit was the unmanned aerial 
vehicle “Tron”. The drone is used for the remote sensing 
of agricultural areas. At the special show of the Federal 
Ministry of Food and Agriculture (BMEL) interested 
visitors could undertake a virtual flight with the drone 
using VR glasses and learn about ZALF’s research. 



The Leibniz Centre for Agricultural Landscape Research (ZALF)  
investigates solutions to challenges in agriculture - locally, regionally and  
internationally: food security for a growing world population, reduced  
environmental footprint of agricultural land use, transformation of agrifood  
systems in compliance with the Sustainable Development Goals and conservation of   
biodiversity and ecosystem services. The work of the research centre orients 

itself along three dimensions:

A novel research infrastructure provides the necessary  
interdisciplinary  excellence:

LAND USE AND GOVERNANCE
How can we sustainably develop and shape intensively used  
agricultural landscapes?

LANDSCAPE RESEARCH SYNTHESIS
What will future agricultural landscapes look like?

LANDSCAPE FUNCTIONING 
How do agricultural landscapes function?

RESEARCH PLATFORM »DATA«

RESEARCH PLATFORM »MODELS & SIMULATION«

EXPERIMENTAL INFRASTRUCTURE PLATFORM
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