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Lesson 2: Low-till Protected Crop Production  

Typically, protected crop production are the most intensive production areas within vegetable 

production where it is no exception that soils need to be exchanged after several growing 

years due to salination, continuous cropping, soil acidification, nutrition accumulation, 

compaction, and chemical residue (soil degradation and prevention in greenhouse 

production).  

Since the infrastructure costs are much higher for protected crops, flipping beds (the process 

of transitioning from one crop to the next) is often sped up by intensive and frequent tilling.  

In smaller scale vegetable farming as well as for all crops grown under glass or plastic cover, 

maximizing living roots and soil coverage should be an integral part of production to help 

rebalance soil. To address this issue, we at Schloss Tempelhof have developed a low till and 

maximal cover cropping system. 

The system can be broken up into the following steps  

1. Maximizing soil stabilization via living plants 

2. Minimal soil disturbance and direct planting  

3. Keeping the ground covered with silage transfer mulch  

Maximizing soil stabilization via living plants 

Soil bioengineering is the term used for the process of using plants and their resources to 

stabilize soil. The strength of the roots is used to stabilize and increase the strength of the 

natural and man-made soil.  

In the fall, once the summer crops such as tomato, pepper, eggplant, chili or cucumber have 

been fully harvested, the above ground plants are cut off and placed on our compost pile. The 

roots are initially left in the ground to help maintain structure and feed our soil-food web. 

Even dead roots can play an important role in releasing metabolites that help feed organisms 

in the rhizosphere.1 

With minimal soil disturbance we then transition our beds from our summer crop of e.g. 

Tomato to a diversity of winter hardy salad greens. In our climate, in unheated hoop houses, 

the crops that we can grow in the winter are limited. We plant spinach, baby leaf mixtures, 

bok-choy, purslane, lambs lettuce, chard and parsley. We plant our winter crops densely, 

 
1 Watt, M., Silk, W. K. & Passioura, J. B. Rates of Root and Organism Growth, Soil Conditions, and 

Temporal and Spatial Development of the Rhizosphere. Annals of Botany 97, 839–855 (2006). 
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around the summer crop roots, making sure to maximize our soil stabilization via living and 

dead roots thus increasing the soil organic matter and ultimately building soil.  

Direct planting/Low till 

As we have learned from the previous lectures, the practice of tilling is the leading cause of 

soil erosion and top soil loss. In an article: Soil erosion and agricultural sustainability, a review 

from Data drawn from a global compilation of studies, the author concludes that overall: “no-

till agriculture produces erosion rates much closer to soil production rates and therefore could 

provide a foundation for sustainable agriculture.”2 

According to a statement from the Natural Resources Conservation Service & United States 

Department of Agriculture: “Tilling the soil is the equivalent of an earthquake, hurricane, 

tornado, and forest fire occurring simultaneously to the world of soil organisms. Simply stated, 

tillage is bad for the soil”3 

Many studies have shown that tilling is a downward spiral leading to erosion, imbalanced and 

instable soils. For that reason, no-till practices have a hold great potential for regeneration 

agriculture. 

As written on the Regeneration International website: “No-till practices allow the soil 

structure to stay intact and also protect the soil by leaving crop residue on the soil surface. 

Improved soil structure and soil cover increase the soil’s ability to absorb and infiltrate 

water, which in turn reduces soil erosion and runoff and prevents pollution from entering 

nearby water sources. 

No-till practices also slow evaporation, which not only means better absorption of 

rainwater, but it also increases irrigation efficiency, ultimately leading to higher yields, 

especially during hot and dry weather. 

Soil microorganisms, fungi and bacteria, critical to soil health, also benefit from no-till 

practices. When soil is left undisturbed, beneficial soil organisms can establish their 

communities and feed off of the soil’s organic matter. A healthy soil biome is important for 

 
2 Montgomery, D. R. Soil erosion and agricultural sustainability. Proceedings of the National Academy 

of Sciences 104, 13268–13272 (2007). 

 
3 Natural Resources Conservation Service & United States Department of Agriculture. Farming in the 

21st Century A practical approach to improve Soil Health. (2011). 
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nutrient cycling and suppressing plant diseases. As soil organic matter improves, so does the 

soil’s internal structure—increasing the soil’s capacity to grow more nutrient-dense crops.”4 

At Schloss Tempelhof, our goal is to transition from one crop to the next with minimal soil 

disturbance. During the winter months, we harvest our cut winter crops, such as spinach, 2 

to 4 times. In the spring when the new summer crops are ready to be planted, which in our 

climate is end of April or beginning of May, rather than tilling the crop into the soil thus 

disturbing the soil and speeding up the mineralization process, we harvest our cut crop for 

the final time.  Then, using a spade we disturb the soil in only the confined space necessary 

to directly plant our summer crops into the existing living crop or crop residues.  

During the first weeks of transplanting, the summer crops such as tomato are still small and 

don’t require entire bed space. Direct planting ensures maximal soil coverage as the winter 

crop roots remain active in feeding our soil food web until the summer crops take over with 

their own extensive root systems and we lay mulch to further keep the ground covered. 

Minimal Necessary Intervention 

As we have learned from the previous lessons, soil structure and microbiological life is not a 

stagnant state but rather an evolving and changing process. For this reason, we repeatedly 

need to ask ourselves what is the minimal necessary intervention needed for this soil at this 

time of the year? 

The first years of farming our land required more inputs in form of compost, aeration / 

loosening of soil and fertilization as the years following. The more often the regenerative 

principles of increasing the number of living roots, keeping the soil covered, minimizing 

disturbance and increasing diversity are implemented, the healthier soils become and the 

less input is needed. As good soil structure is built up and hummus levels increase, our work 

as farmers becomes easier and less intervention is necessary. 

During the start of our minimal till system, we still used a broad fork to aerate soils on all of 

our beds prior to planting the summer crop. To jump start our soil microbiome we also 

spread a layer of 5-8 cm of compost before planting our main summer crops. In the first 

years we used pasture grass mulch material which has a relatively high carbon to nitrogen 

ratio and required a small amount of additional fertilization to ensure sufficient plant 

available nutrients. We previously added this in the form of sheep wool pellets into each 

planting hole at a rate of 75 kg N/ha for the summer crops.  

After 5 years of these more intense practices of aeration, compost and mulch, our soils 

organic matter level at a depth of 30 cm have increased from about 2% to over 6,5%. When 

looking at these values we have to consider the amount of organic matter brought into the 

 
4 Regeneration International (2021). Available at: https://regenerationinternational.org/. (Accessed: 

14th December 2021) 
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system but it is clear that since in our low-till system we are not mixing soil deeper than a 

few centimeters, the soil biology has actively fixed the organic matter into the depth of 0-30 

cm where the soil samples were taken.  

In 2021, the soil in our protected culture received a very high score of 93 out of 100 possible 

points using the soil analysis test developed by Dr. Andrea Beste Soil Test.  

Dr. Bestes analysis was developed to provide practitioners with a scientific method they can 

complete for assessing soil structure that provides an evaluation specific to soil type and 

horizon. (a full description of the analysis can be found in the additional resource section).5 

Given our current soil structure, our soils no longer need the same amount of intervention 

as in first years. Now 8 years into production we plant our summer crops into the previous 

crop without aeration, additional fertilizer, or larger compost inputs. 

Keeping the ground covered with Silage transfer mulch  

To continue our example from before: The final step after transplanting our summer crops 

such as tomato, directly into the living winter salad crop is to wait a few weeks for 

temperatures to rise and then bring out a silage mulch cover.  

As we have learned from the previous section on mulch, mulch insulates the ground, 

keeping extreme temperatures out which is desirable in the hot summer months, but it can 

also insulate cold temperatures in the soil. To avoid insulating cold in our ground, we let our 

winter crops and summer crops grow together without cover for about 3-4 weeks. Ideally, 

soil temperatures should be 15°C or higher. This can be supported by keeping the ventilation 

closed as much as possible for 1-2 weeks before mulching. 

 Waiting longer than 3-4 weeks, however, is problematic since at that point we want to 

avoid competition between the “living winter crop mulch” which at this point often begins 

to flower and go into seed and the growing summer crop.  

As soon as the summer crop requires more space, light and nutrients, and the ground 

temperatures have risen, the silage mulch suppresses the competition of unwanted plants 

and weeds while keeping the ground covered and moist. Although we want the ground to be 

kept moist in order to avoid plant stem problems, we leave a little open ring directly around 

the stems. 

In our indoor production, we have transitioned to using silage mulch from cut pasture grass 

for a number of reasons. Firstly, through the fermentation process in silage, weed seeds 

 
5 Beratung, Analyse und Fortbildung für Politik und Landwirtschaft. Büro für Bodenschutz & 

Ökologische Agrarkultur Available at: https://www.gesunde-erde.net/. (Accessed: 14th December 

2021) 
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become unviable. This is a huge advantage since dealing with grass weed seeds can be a big 

challenge with freshly cut pasture grass particularly when combined with a low till system.  

Since silage is harvest in fall prior to usage, we are much more flexible with our timing. We 

don’t need to risk harvesting our pasture too early in the spring or driving on wet fields.  

The final large benefit we see in using silage mulch versus pasture grass is that through the 

fermentation process the nutrients are pre-digested and thus quicker for the plant to 

uptake. This also translates into needing a far smaller amount of material to be charted in. 

Rather than 20-25 cm of pasture grass mulch with silage, we apply 10-12 cm.  

Things that need to be considered when mulching with Silage 

Leaf burning due to gas emissions-This is an important point. To avoid burning we pre-

ventilate the material by spreading out our silage outside of the greenhouse for 3-4 days. 

When we bring the silage into the greenhouse, we make sure to immediately water and 

frequently ventilate during the first week. 

• Perennial weeds can still be a problem even under silage mulch 

• Possible risk of mice and/or snail infestation 

• Nitrogen blockage (subsequent fertilization is difficult once mulch has been applied) 

• Delayed mineralization due to reduced soil temperature  

• Hand weeding or re-mulching may be necessary if decomposition is too fast 

• Workload for mulching approximately 5-10 times higher than with plastic mulch. 

Mulch nutrient contents should be taken into account in the fertilization calculation. Studies 

show that 20-40% of Nitrogen becomes available to the plant in the short term.6 

Given the fertilization input of silage transfer mulch, we do not add any other nitrogen 

fertilizer for our crops. An estimation of nitrogen available for the tomato crop from a grass-

clover silage is 250 kgN/ha. 

Minimal soil disturbance  

After the summer crop is fully harvested, it’s time to cut the stem so that the roots stay in 

the soil and the above ground material is taken out of the house and put on the compost 

heap.  

The final step is to rake the minimal layer of undecomposed mulch into the pathways and 

plant the winter salad on the beds. Using this no-till crop rotation, we can keep our soils 

 
6 Samuel Hauenstein & Armelle Rochat & Patricia Schwitter. Transfer mulch in organic greenhouses. 

The Organic Grower, No-55, Summer (2021). 
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covered with either living roots or a combination of living roots and transfer mulch over the 

entire year.   

 

Summary 

In the demanding cultivation of protected culture, it is all the more important to incorporate 

the regenerative principles of: 

• Maximizing soil stabilization via living plants 

• Minimal soil disturbance  

• Keeping the ground covered  

 

 

As can be seen on this image that provides an overview of the entire production year, there 

are ways to grow productively, while continuously ensuring maximal soil coverage and 

minimal soil disturbance.  

Other important tools for Regenerative Vegetable Production, which we don’t have time for 

in this lecture are available in the additional resource section. These tools include: 

intercropping, the use of compost as well as compost tee as a foliar spray. 
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