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SUSTAINABLE DEVELOPMENT GOALS

17 »Sustainable Development Goals« are the centerpiece of the Agenda 2030, 
approved in 2015 by the United Nations (UN). The Agenda lays a foundation 
for global economic development in accordance with social justice and within 

the ecological boundaries of planet earth. 

MORE INFO:

https://sustainabledevelopment.un.org/sdgs

The research projects presented in this issue address the following                                         
Sustainable Development Goals:

NO POVERTY GOOD HEALTH 
AND WELLBEING

INDUSTRY, INNOVATION AND 
INFRASTRUCTURE

CLIMATE ACTION LIFE BELOW WATER LIFE ON LAND
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TITLE STORY

The snow-covered Kilimanjaro, herds of elephants in national parks 
or impressive savannah landscapes – these are the pictures many 
people think of when they hear the name Tanzania. But the African 
country also has another side that tourists rarely get to see. In many 
rural areas people are suffering from malnutrition – there is a lack 
of vitamins and trace elements, the infant mortality rate is high. 
Since 2015, nutritionist Dr. Constance Rybak and her team have been 
developing solutions that could be exemplary for large parts of 
Africa. The first signs of success are already visible.

BAGS FULL OF HOPE 
FOR TANZANIA
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Dr. Rybak remembers her first trip to the rural areas around the capital Dodoma 
well: “It had rained the night before. Two bridges had been washed away.” Instead 
of crossing them, the experienced driver drove the jeep through a shallow part 
of the river. “We closed the windows and hoped that the water would not be 
too deep. Somehow we got to the other side”, says the scientific coordinator of 
the project, laughing in hindsight. Nonetheless, this first experience with Tan-
zanian infrastructure was certainly unsettling. 

NO HUNGER, BUT INSUFFICIENT NUTRIENTS 

The province of Dodoma is one of two pilot regions in Tanzania which resear-
chers from the Leibniz Centre for Agricultural Landscape Research (ZALF) have 
visited regularly over the past three years. What is rather an exceptional situation 
for the researchers is part of everyday life here for the people in the villages, far 
from the tourist destinations. There are no paved roads and the majority of the 
houses have no electricity or running water. Life is simple and hard. Although 
most of the people cultivate fields and keep livestock, their harvests are poor. 
There is a lack of fertilizer and agricultural machinery. Droughts during the dry 

season, which lasts about nine months, and flooding during the rain season make 
life difficult for the farmers. But hunger is not the most pressing problem. Millet, 
rice or maize are bought as staple foods, giving the people enough to fill their 
stomachs. What is missing, however, is dietary diversity. Healthy vegetables can 
only be grown for a few months of the year, shortly after the rainy season. The 
consequence: Many people are malnourished. They do not get enough vitamins 
or trace elements. Research has also observed this development in other parts 
of the world, and it is being exacerbated by climate change. Currently, about 815 
million people are malnourished – and the number is increasing. In addition to 
the fight against hunger, disease and poverty, the elimination of malnutrition is 
a key factor for stability and growth, especially in rural areas of Africa.

However, it is not by chance that Tanzania has moved into the research 
focus of Brandenburg’s agricultural experts. ZALF has been present in East Africa 
since 2007 and carried out 14 projects. “Initially these were only exchange pro-
grams, but then the projects gradually became more extensive”, says Dr. Stefan 
Sieber, head of the working group “Sustainable Land Use in Developing Coun-
tries” at ZALF. “Over the years, we have learned  that research which affects so 
many of the local population can only be sustainable and successful if it is based 
on trust. A particularly important element here is that scientific partners from 
the target countries are involved.” Today, the research questions that interest 
researchers in developing countries extend far beyond traditional agriculture: 
“Helping people to help themselves encompasses many issues, such as: How can 
we help to protect the countries from strong fluctuations in food prices? How 
can they better adapt to climate change? What improvements are needed in the 
education system? What policy instruments work on the ground?” 

AWARENESS RAISING TO COMBAT FEARS 

The main objective of the current research project “Scale-N”, which is funded by 
the German Federal Ministry of Food and Agriculture (BMEL), is to improve 
the nutritional situation of the people in Tanzania’s rural areas. The researchers 
from Muencheberg are working closely with local partners such as Sokoine Uni-
versity, the leading institution for agricultural research in Tanzania, as well as 
local farmers’ associations and are pursuing a special research approach: “Our 
work is transdisciplinary. In other words: We define the research questions right 
from the start together with the local communities and accompany the process 
until a solution has been found that will stand the test of time”, Sieber explains. 
This is not always easy. In Dodoma and Morogoro – the second research region 

Working with local schoolchildren proved to be the key to success for the “Scale-N” project. The young 
people get to know innovative solutions, such as the sack gardens, while working in the school garden. 
From there, they effectively transfer these to their family households.
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in the Tanzanian province – the research and medical teams investigated the 
nutritional status of the local women and children. However, many locals were 
uncomfortable with tests that involved taking blood samples. People were afraid 
of being stigmatized. “A lot of awareness raising was required”, says Rybak. But 
finally the 650 mothers and their children overcame their anxiety and gave their 
blood for the scientific tests. This challenge shows how important it is to build 
trust with the local villagers. 

The results confirmed what the research teams suspected: the people in 
Dodoma and Morogoro have too little iron, zinc and vitamin A in their blood. 
Many children are too small for their age – an indication of chronic malnutrition. 
The investigations also revealed that the nutritional status of people in Dodoma 
Province is better than that in Morogoro. With the help of questionnaires in 
which the scientists asked for detailed information about the food produced, 
its processing, storage and dietary habits, they soon found out why: “The millet 
here is not peeled”, explains Rybak. As a result, valuable nutrients from the peel 
are not lost. In addition, the villagers of Dodoma eat more green leafy vegeta-
bles, which they collect in the surrounding area or cultivate in small kitchen 
gardens, and the fruits of the papaya trees growing in the area. 

Paradoxically, the people of Morogoro are not only severely malnouris-
hed. At the same time they are struggling with a second nutritional problem: 
Around one third of the women are overweight. Nutritionists refer to this phe-
nomenon, which occurs in numerous developing countries, as a “double burden”. 
“People consume too many calories in their staple foods, but at the same time 
they are malnourished because important nutrients are missing”, says Rybak. 

LEAFY VEGETABLES FOR IRON AND VITAMINS 

How can these problems be solved? With bag gardens for example. “These are 
a wonderful instrument and easy to set up”, says Rybak. “Even for people who 
don’t have much space of their own and have little water available.” No sooner 
said than done. In waist-high, wide sacks, the villagers filled earth and manure 
– resources that are available in the village communities. They cut planting 
holes into the sides. With the seeds contained in the free starter pack, they grew 

the first plants in these “bag gardens”, which get by with little water because of 
their design. In particular, fast-growing green leafy vegetables such as Chinese 
cabbage or spinach, which are rich in iron and pro-vitamin A, were harvested 
after only a short time by the villagers, thus enriching their diet. They used solar 
dryers, which were made available to the village through project funding, to 
preserve the vegetables for a long time. 

Sack gardens enable households that lack resources such as water and space to grow 
vegetables. The building materials are also easy to get hold of in rural areas.

TANZANIA
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GARDENS AND EDUCATION 

The green plant bags were a first, visible success. But the researchers knew that 
the bags alone would not be able to sustainably improve the population’s diet. 
They worked together with the local communities to initiate further innovations 
at many levels: Compost systems, school gardens, an app for more transparent 
market or large rainwater cisterns to collect precious water during the rainy 
season.  At the heart of the project, however, are newly built nutrition centers in 
the villages. In the “Nutrition Upscaling Center” people learn how to eat more 
healthy and sell home-grown vegetables or seeds for the kitchen garden. Farmers 
learn how to refine their products and thereby achieve higher prices. Nutrition 
becomes the topic of discussion in the village – and that for the long term. In 
the meantime, the residents of the neighboring villages visit the center to find 
out about healthy nutrition as well as the cultivation, marketing and profitable 
sale of vegetables. 

After two years, new studies indicated that the first successes are taking 
shape. In Morogoro, where people were very overweight and yet still malnouris-
hed, the blood test results of mothers and children have improved significantly. 
“Anemia has almost halved”, Constance Rybak says happily. Recently she visited 
Tanzania again and was pleased to see that people are continuing to cultivate 

the bag gardens. Ryback was also delighted about the fact that healthy nutri-
tion has become an issue in everyday village life. The knowledge with which 
the village population creates new value chains is concentrated above all in the 
nutrition centers. The researchers are convinced that the facilities could also be 
trendsetting for other regions. Together with policymakers, business and local 
communities they are currently working on new concepts to establish these 
institutions as centers of innovation. 

THE TEAM

Project coordinator Dr. Constance Rybak 
works together with group leader Dr. 
Stefan Sieber in the working group  

“Sustainable Land Use in Developing Coun-
tries” at ZALF.

Blood samples provide information on the nutritional status of the vil-
lage population and thus on whether the project is really achieving the 
desired results. However, many people in Tanzania’s rural regions are 
unaware of blood sampling and are often skeptical about it. Information 
campaigns to promote acceptance and understanding are therefore all 
the more important.

To the »Scale-N« video



14 15

1110

For two years, ZALF researchers observed amphibians in a habitat 
in which one would usually not expect them: in the field. The results 
show that intensively used agricultural landscapes are also impor-
tant habitats for the animals. However, the more intensive the work 
on the fields, the more frequently agriculture and nature come into 
conflict. The increasing use of glyphosate seems to exacerbate the 
situation. However, the ZALF team shows that there are ways to 
better protect amphibians.

THE FIELD AS AN 
AMPHIBIAN THEATRE
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AMPHIBIANS

Dr. Gert Berger and his team are particularly taken with the Firebellied Toads 
and Great Crested Newts. These species, which are strictly protected, each have 
a striking pattern on their belly. The Firebellied Toad decorates itself with bright 
orange-red spots, the Great Crested Newt with yellow ones. What is particularly 
fascinating for the researcher, however, is that this pattern is different for each 
individual animal. Both the toad and the newt carry their unique fingerprints 
on their belly. This is an advantage for Berger‘s research. He observed the mig-
rations of the animals in an extensive field study and was even able to follow the 
routes of individual animals using photographs of the belly patterns.

Gert Berger and his team spent two years on selected fields around 
Muencheberg, Brandenburg, looking for toads, frogs and newts. The spaw-
ning waters of the animals are often surrounded by arable land. “26 percent 
of all Brandenburg’s small water bodies are in the middle of fields, another 27 
percent lie directly next to a field” says the researcher. On their journey bet-
ween their summer habitats in the water and their winter quarters on land, the 
amphibians have to cross the fields. Berger wanted to know exactly when and 
where they were doing this and how their migrations coincided with farmers 
working on the fields.

“We embarked on an adventure the dimensions of which we had some-
what underestimated”, the researcher recalls. “As far as I know, there is no 
comparable study in the world.” In the project funded by the German Federal 
Environment Agency, the research team not only used a high temporal and 
spatial resolution to investigate amphibian activity, but at the same time they 
determined how and when the fields were cultivated. The researchers finally 
brought the two aspects together.

GLYPHOSATE CONSUMPTION HAS RISEN SIGNIFICANTLY

Gert Berger also kept an eye on the herbicide glyphosate. Are animals more 
frequently exposed to it than before because of changes in agriculture? “We 
are not toxicologists”, stresses the agricultural researcher. “We were not inte-
rested in the effect of glyphosate on the animals, but how often they come into 
contact with the herbicide.”

The way glyphosate is used has indeed changed fundamentally. It is incre-
asingly used for purposes other than crop protection. Using the so-called total 
herbicide, farmers can prepare their fields for sowing in spring without having 
to plow. It eliminates unwanted field herbs. The harvested fields are also often 

26 percent of all Brandenburg’s 
small water bodies are in the middle 
of fields, another 27 percent directly 

on the edge.

DR. GERT BERGER
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treated in the fall to destroy germinating seeds. This saves costs, time and sim-
plifies cultivation. However, this has led to a rapid increase in the consumption 
of glyphosate. Today, agriculture applies about six times as much on the fields 
as it did 25 years ago.

Berger‘s researchers transformed 800 hectares of arable land into a large 
research laboratory to investigate the consequences of this development. They 
distributed cross-shaped catch fences on and beside the field. The winter quar-
ters of the amphibians – hedges, piles of stones or piles of leaves – were in part 
completely fenced in to record the entire migratory population. Selected spaw-
ning waters were also included. The team erected a total of more than three 
kilometers of fencing. At the same time, the farmer documented exactly what 
he planted and when he fertilized, plowed, sowed or applied pesticides.

The researchers inspected their catches up to twice a day, cleaned the 
buckets and topped them up with water for the sponges in them. On the other side 
of the fence they set the animals free again. After all, the animals were supposed 
to continue their migration undisturbed while being observed by the scientists.

THE FIELD AS A SPECIES-RICH HABITAT

After two years of collecting data, a detailed picture finally emerged of which 
species of amphibians were crossing the field, which structures they liked in 
particular and visited frequently, during which seasons they were travelling and 
what was happening in the field at those times. And above all, when animals 
and glyphosate were on the field at the same time.

The researchers found eleven species of amphibians on the Brandenburg 
field. A considerable number, because only 21 species are native to the whole 
of Germany and only 15 throughout Brandenburg. They observed Great Cres-
ted Newts, which migrated up to two kilometers to their winter quarters, rare 
European Tree Frogs and endangered Common Spadefoot Toads, which felt 
particularly at home in the sandy areas. Depending on the species, they coun-
ted hundreds, sometimes thousands of specimens. The results showed that the 
field habitat can be very attractive for amphibians - for example, when strong 
rapeseed leaves provide protection from the sun and predators in summer and 
the soil is moist, dark and nutritious.

The Great Crested Newt migrates up to two kilometers between its spawning waters and its 
winter quarters (above). The probability that it will encounter weed killers is particularly high 
if these are applied to sparsely vegetated soils (below).
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However, the analysis also showed that the probability of contact between gly-
phosate and amphibians quadrupled between 1992 and 2012. What exactly this 
means for the animals remains unclear. While some glyphosate studies have 
shown that amphibians die or become ill after contact with the agent, others 
have not shown any effects. In 2016, tallow amine, a substance toxic to amphi-
bians, was removed as a co-formulant from the glyphosate spray.

MIGRATION CORRIDORS CAN PROTECT

One thing that is clear is that deep plowing kills about 95 percent of all frogs, 
toads and newts that are in the field at the time. “They are thrown onto their 
backs and buried deeply”, says Berger. “And that’s that, they can’t get out.” The 
use of glyphosate can avoid the need for plowing, but the consequences of the 
increased use of herbicides for amphibians are not yet foreseeable.

Berger advocates a judicious approach to cultivation. Instead of a plow, a 
heavy grubber could be used which causes less harm to the animals. The use of 
glyphosate should be avoided especially if the field is more or less bare and the 
amphibians are not protected from direct contact by plants. Creating protected 
migration corridors with severely restricted cultivation between the spawning 
waters and winter quarters would be another very effective measure to go one 
step further. Berger knows, however, that farmers have to weigh things up and 
sometimes have little room for maneuver. After all, it is also their own liveli-
hood that is at stake. “It requires sensitivity, basic ecological knowledge and it 
is always a case-by-case decision”, he emphasizes.

With the help of catch fences and manual labor, the animals can be counted in habitats 
such as piles of stones (above). The belly patterns of the Great Crested Newts are recor-
ded with a specially designed device. As with a fingerprint, individual animals can be 
identified later during their migration using these patterns (below). www.zalf.de/feld/en

http://www.zalf.de/feld/en
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POTTING SOIL

BUCKET 
WITH BASE 
REMOVED

POLE: SAME HEIGHT 
AS THE INTENDED
BAG GARDEN

STABLE BAG MADE OF
WOVEN PLASTIC FABRIC

Water the bag garden from the top

Use the baseless bucket to build 
the core out of stones.

Cut holes in the sides of the bag with a 
sharp knife while keeping enough distance
between the holes. Plant seeds in the holes 
and on the top of the bag garden.

Fill the bag around the bucket with potting soil. 
After each level pull the bucket up and 
repeat with next level until the
bag garden has the desired size.

Put Pole as anchor firmly in the ground.

Needed materials Instructions

DO IT YOURSELF
Step by step to your own bag garden

STONES WITH
DIAMETER
4-10 CM

Cut a hole with the diameter of the
pole into the center of the base of the bag. 
Put the bag over the pole.
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Kettle holes are usually identified in the field by their vegetation, 
which clearly stands out from the surrounding area. There are more 
than 150,000 of these small water bodies in north-eastern Germany 
alone. Researchers at ZALF are investigating these biotopes, not 
least because they tell us a lot about the state of the landscape.

THE EYES OF 
THE LANDSCAPE
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Geographer Dr. Marlene Pätzig is enthusiastic about places like these: “They are 
hotspots of biodiversity”, she says, “rich in plant, insect and amphibian species, 
many of which are protected.” The biotopes are rather inconspicuous from the 
outside. Experts call these relics of the last ice age “kettle holes”: small, water-
filled hollows that are randomly distributed across fields and farmland. Yet 
as inconspicuous as they may appear, they are an indispensable part of many 
European and North American landscapes. In north-east Germany alone there 
are between 150,000 and 300,000 of these small water bodies, also known as 
the “eyes of the landscape”.

Kettle holes are interesting for science, because their condition reveals 
a lot about the surrounding landscape. As sinks in the fields, they accumulate 
substances from the environment, such as pesticides, fertilizers or eroded soil 
material like a collecting tank. The occurrence of wild plant and animal spe-
cies can also be read from them in a concentrated form. Understanding kettle 
holes and their complex interactions with the landscape is anything but simple. 

The caterpillars of the European Peacock butterfly only eat nettles. This nitrogen-loving plant 
species profits from the fertilizer input in kettle holes located in or beside fields (left, middle). 
Kettle holes are used by numerous amphibians as habitats for breeding, including many endan-
gered species. The Pond Frog is one of the few native amphibian species whose population is not 
endangered (right).

KETTLE HOLES ARE HOTSPOTS OF 
BIODIVERSITY, RICH IN PLANT, INSECT 

AND AMPHIBIAN SPECIES.

DR. MARLENE PÄTZIG
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This is one of the reasons why ZALF researcher Pätzig is so enthusiastic about 
them. Her colleague, Prof. Gunnar Lischeid, has been researching kettle holes 
for about ten years.

MYSTERIOUS EYES

“You think you‘ve understood one kettle hole, then you stand in front of the 
next one and start all over again”, says Lischeid. “And even the same hole can 
look quite different from year to year.” Some of these small water bodies dry 
out during summer, some are surrounded by a dense belt of vegetation, where 
others have only sparse vegetation. Weather and wind, location in the country-
side, soil and arable farming – there are numerous factors that determine which 
substances can be found in them and which organisms live there. And there is 
something else that is largely unknown: What effect do the small water bodies 
have on their surroundings? Do they harbor animal species that are useful for 
agriculture, such as ground beetles that hunt insect pests in adjacent fields? Or 
are they breeding grounds for fungal diseases instead?

The ZALF landscape laboratory in the Uckermark region of Branden-
burg offers the best opportunities to fill these gaps in our knowledge. For more 
than 20 years, measurement data from the soil, groundwater or air have been 
collected here, in the catchment area of the Quillow river, and field trials have 
been carried out at landscape level. A total of 50 kettle holes are under long-term 
observation here, of which ten kettle holes and their surroundings are currently 
undergoing intensive hydrological, biochemical and biological investigation.

UNDERGROUND NETWORKS

A recent discovery by ZALF researchers demonstrates that the effort is worthwhile. 
“For a long time, research has assumed that kettle holes are fed exclusively by 
rainwater and have no drainage. However, we now know that many of the kettle 
holes are also linked to the groundwater”, says Pätzig. A team led by Gunnar 
Lischeid found out that many of the kettle holes are connected underground. 
This throws a completely new light on the material flows and water balances of 
small water bodies, because they traverse the landscape like an underground 
network. “It also explains why pesticides that were not applied on the adjacent 
field were found in some of the kettle holes”, says Lischeid.

24

You think you‘ve understood one kettle 
hole, then you stand in front of the next 

one and start all over again.

PROF. GUNNAR L ISCHEID
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IMPORTANCE FOR AGRICULTURE

The team records ground beetles and segetal flora at the edge of kettle holes. 
Specially prepared cards, on which seeds of certain wild plants are glued, are 
used to determine how many of the seeds are eaten by beetles or other orga-
nisms. “These animals, which enter the field from the kettle hole, can be useful 
there, for example by eating weeds”, Pätzig explains. The researchers are also 
investigating the extent to which kettle holes act as a breeding ground for fun-
gal infestations in the fields.

These kinds of effects on agricultural land are of particular interest. Because at 
the end of the day it is the farmers that conserve the kettle holes on their fields. 

“Many of them are aware of the ecological value of the small water bodies in 
their fields and look after these areas”, says Pätzig. “But economically they 
are more of an obstacle – after all, the land machines have to drive around 
them and the farms are not remunerated for their conservation.” The team of  
Lischeid and Pätzig is therefore working towards an effective nature  
conservation management of these highly complex systems. To support them,  
ZALF launched the interdisciplinary pilot project SWBTrans in 2019.  
This way, Pätzig and her colleagues can further uncover the secrets of  
„eyes of the landscape“.

Dr. Marlene Pätzig in the field setting up a measuring point for 
the groundwater level. Situated at the edge of a kettle hole, the 
measuring point provides information on the extent to which the 
kettle hole is connected to the groundwater.

These animals which enter the field 
from the kettle hole can be useful 
there, for example by eating weeds.

DR. MARLENE PÄTZIG

www.zalf.de/feld/en

http://www.zalf.de/feld/en
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Offering young people a perspective –  
that is the key.

HELPING COMMUNITIES  
TO HELP THEMSELVES

Mr. Stübgen, you made the long journey to 
the village of Chinoje in Tanzania and perso-
nally inspected the work of the “Scale-N” 
research project. Why is the Federal Ministry 
of Food and Agriculture (BMEL) getting 
involved in this rural region of Africa?

Rural regions play a key role in combating hun-
ger and poverty. Even if it sounds paradoxical: 
Two thirds of the world‘s hungry live in rural 
areas – in places where food is actually pro-
duced. With our research funding, we want to 
create innovations that directly benefit local 
communities and help break the vicious circle 
of hunger and poverty. For me, this is a con-
tribution to securing the human right to ade-
quate food.

Where do you see a particular need for 
action in these regions?

There are a number of challenges. First of all, 
diversity in agriculture is of great importance 
to me – to ensure greater stability with regard 
to climate change. At the same time, diversity 
can help us to eliminate malnutrition. Nobody 
should starve, but food quality and a balanced 
diet are also important. However, this means 
that the focus is often on perishable products 
such as fruit and vegetables. In order to incre-
ase their shelf life, we need innovations in pro-
cessing. This is precisely the issue we will be 
addressing with further support programs.

What is your personal impression when you 
see the results of the research project 
on site?

I looked at the school gardens, a water cistern 
and the nutrition center. In particular, I was 
impressed by the enthusiasm of the children 
and young people for the topics of nutrition and 
agriculture. Something sustainable is growing 
here in the long run! Children are our future all 
over the world, and if the youngest are enthusi-
astic about it, we are all on the right track!

You mentioned sustainability. How should 
the long-term impact of the project results 
be ensured?

The innovations created offer prospects for 
young people – developing value chains from 
agriculture and creating jobs. This is particular-
ly important in Tanzania, where the population 
is very young and where a lot of people live in 
rural areas. It is also important that the agricul-
tural solutions are adapted to the conditions in 
the respective region.

What would you recommend to further 
intensify cooperation at the research level 
between Africa and Germany?

We are active in many respects. But to stay on 
topic: the young generation also plays an im-
portant role in research. We support young re-
searchers through our doctoral program. Young 
minds from Tanzania, but also from other 
countries, spend three years researching at Ger-
man research institutions, including ZALF. The 
BMEL would like to continue to offer this pro-
gram in the future and supports the exchange of 
young researchers.

You will find a detailed article about the “Scale-N” 
project on page 02.

MICHAEL STÜBGEN

has been Parliamentary State Secretary in the 
Federal Ministry of Food and Agriculture since 
2018. He visited the Dodoma project region in Tan-
zania with a ZALF research team in March 2019.
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The maize plants are only waist-high, their leaves rolled up and gray. Now, in 
August, they should be more than two meters high, with lush green leaves and 
the first cobs. But the weather did not play along, it was too hot and dry. The 
maize harvest fell drastically, and the wheat, potato and turnip crops fared no 
better. This was the case for many farms, not only last year but also this year.

Agriculture is under pressure from climate change. “We know that tem-
peratures will rise”, says ZALF agricultural scientist Dr. Heidi Webber. She is 
leading a study to better understand the consequences of this development. Ten 
research teams from all over the world are involved under the umbrella of the 
FACCE Knowledge Hub MACSUR.

DIFFERENCE BETWEEN DAMAGE DUE TO HEAT OR DROUGHT

The study focusses on grain maize and winter wheat, crops commonly grown 
in Europe, and examines to what extent yield losses can be explained by heat or 
drought. When she explains the procedure, Dr Webber is aware of how contradic-
tory it can seem at first: “If there is a heat spell in the fields, it‘s almost always also too 
dry. So it seems illogical to look at two separate problems here.” But the protective  
mechanisms of plants against drought stress are very different from those against 
overheating - they can even hinder each other. When plants protect themselves from 
drought by allowing less water to evaporate, they no longer transfer water from the 
soil to cool their flowers and leaves. They become hotter, which in turn can lead to 
heat damage. However, warmer temperatures also affect plant growth in other ways: 

“If the temperature rises rapidly, the plant develops faster”, says Webber. “Instead of 
maturing in 100 days, it matures in 80 days and therefore has less time to convert 
solar energy into storage substances and store them in its seeds. The grains remain 
smaller, the yield smaller.” Important reproductive functions of flowers and seeds 
are also disrupted by excessively high temperatures.

In order to adapt agriculture, it is important to know exactly which of 
these processes is primarily responsible for reducing yields. The researchers 
used ten mathematical models to reproduce yield fluctuations between 1984 
and 2009 and estimate yield changes up until 2055 for various climate scena-
rios. They looked at European agriculture – from Norway to southern Italy, 
from Portugal to Romania.

The summer of 2018 was exceptional. People sweated at record 
temperatures, forests burned, agricultural harvests withered and 
there was no fodder for cattle. Climate anomalies like these could 
become more frequent in the future. An international team led by 
the Leibniz Centre for Agricultural Landscape Research (ZALF) is 
investigating the precise effects of heat and drought and providing 
information on how agriculture needs to adapt.

PLANTS AT THE LIMIT
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Winter wheat may benefit from its sowing date. While summer wheat is sown 
in spring, winter wheat is sown in fall. If temperatures are mild, the seeds begin 
to germinate. During winter, the young plants barely suffer from drought stress, 
can form strong roots and in the warmer, drier season can also tap deeper water 
reserves. On the other hand, things can soon become critical for maize seedlings 
if too little rain falls after sowing in spring.

“According to the model results, winter wheat yields could even rise”, 
explains Webber, explaining this with rising concentrations of CO2. “CO2 sti-
mulates the growth of wheat and partially compensates for the negative effects of 
stress.” Thanks to their metabolism, cereals seem to be well prepared for climate 
change, at least in most European growing regions. However, this characteristic 
does not help in years of severe drought such as 2018. “In extremely dry years, 
the yields of wheat also decline”, Webber emphasizes.

DROUGHT IS THE GREATEST RISK

In other words, drought is the greatest risk factor in European agriculture. How 
can farmers react? “There is no single answer”, says Heidi Webber, “because 
conditions vary from place to place.” To prevent drought years like 2018 from 
resulting in massive crop failures, agricultural actors have to react on many 
levels. In future, they will have to give more thought to irrigation, alternative 
methods of cultivation and approaches to breeding, which will above all incre-
ase the drought resistance of the plants.

LESS MAIZE, MORE WHEAT

The results of the simulations make it clear: “It is above all drought stress in maize 
cultivation that leads to high yield losses”, says Heidi Webber. For the future, the 
models also predict declining maize yields with increasing demands for water. 
However, this is not the case to this extent for winter wheat. Here the team was 
not able to explain the yield fluctuations with drought. It is evidently less sensi-
tive to drought stress than maize.

Too hot and too dry: In the summer of 2018 there were crop losses of up 
to 50 percent in some regions of Germany. An important strategy for 
adapting agriculture to climate change is breeding more resistant crops.

www.zalf.de/feld/en

http://www.zalf.de/feld/en


ACROSS THE FIELD

FRIDAYS FOR FUTURE

ZALF IN DIALOGUE

Inspired by their commitment to a future worth 
living and climate protection, the Berlin Museum of  
Natural History has invited interested school students 
to exchange ideas with scientists and researchers after 
every Friday Demonstration. Topics such as climate 
change, biodiversity, agricultural change, energy revo-
lution and alternative mobility have been discussed. 
ZALF also regularly answers questions and thus sup-
ports the exchange between science and civil society.
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NEWSNEWS

INSECT PROTECTION

AN INSECT STRATEGY IS 
DEVELOPING

The drafting of an insect protection program for the 
state of Brandenburg began at the end of March with 
the “Insect Summit” in Potsdam. Representatives from 
around 40 organizations – including conservationists, 
public authorities, municipalities and associations – 
will identify measures to effectively protect insects 
and develop proposals for the implementation of these 
measures on the initiative of the state. The entire process 
will be accompanied scientifically by ZALF, supported 
by the Senckenberg German Entomological Institute 
(SDEI) and the Eberswalde University for Sustainable 
Development (HNEE).

RESEARCH

LOW PESTICIDE AGRICUL-
TURE IN EUROPE

How can we reduce the use of synthetic chemical pesti-
cides to a minimum by 2050? ZALF has launched a 
unique Europe-wide research initiative with the French 
National Institute for Agricultural Research (INRA) 
and the Julius Kühn Institute (JKI). Working together 
with other top European researchers, research gaps will 
first be identified and closed in cooperation.

RESEARCH

MORE CLIMATE-                        
FRIENDLY FARMLAND

At ZALF, the “Krumensenke” project, coordinated as 
part of the “Renewable Resources” funding program of 
the Federal Ministry of Food and Agriculture (BMEL), 
has been launched. In cooperation with the Johann 
Heinrich von Thünen Institute, research will be car-
ried out over the next three years to find out how the 
cultivation of raw material plants can be made more 
climate-friendly through further development of an 
almost forgotten method of tillage. Its goals include sto-
ring more carbon in soils in the form of humus, binding 
more nitrogen and releasing fewer greenhouse gases.

EVENT: REVIEW

DRY PROSPECTS? AGRICULTURE AND 
CLIMATE CHANGE

Agriculture, politics and society must respond more 
quickly and effectively to climate change. Solutions 
must be scientifically based and developed in close 
dialogue with, rather than against, farmers – consu-
mers also have a role to play. In the new event series  
“querFELDein TALKS” concrete proposals from science 
are publicly presented and discussed with politicians, 
practitioners and civil society. The kick-off event took 
place as an interactive panel discussion under the title 
“Dry Prospects? – Agriculture and Climate Change” 
and was held in the building of the Leibniz Associa-
tion in Berlin.

www.zalf.de/en/aktuelles/

http://www.zalf.de/de/aktuelles/
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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:
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