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In early 2010 the Delinat Institute invited 

500 gardeners to participate in a large-

scale experiment on the use of biochar. 

In the meantime, there are some results. 

Although the average yields were slightly 

higher, there were considerable variations 

between sites and cultures. Biochar is not 

a fertilizer, but a long-acting soil condi-

tioner. It is, therefore, expected that more 

reliable conclusions can be drawn at the 

earliest, in two or three years.

Between May and June 2010 the first 180 

gardeners from various regions of Switzer-

land received 10 kg of biochar and underlying 

instructions for carrying out the experiment. 

The characterized biochar is a product of the 

pyrolysis reactor of Swiss Biochar in Lau-
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sanne. By allowing the participants to select 

the experimental crops for themselves, it was 

possible to obtain a wide range of different 

crops and their corresponding response to 

biochar substrate. The participants were 

 instructed to weigh the harvest from the bio-

char area of 10 m2 biochar as well as from the 

control area, without any biochar. Whenever 

possible, they were supposed to weigh the 

non-harvested biomass, such as leaves and 

shoots, and conduct a taste evaluation of 

fruits and vegetables.

Results

Unfortunately, it was not possible to supply 

the biochar until it was relatively late into the 

season. Some participants had already culti-

vated the beds, and as a result, out of the 180 
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An allotment in Wallis (CH) showing 16 experimental plots and 12 different mixed cultures.
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and the control surface, only three out of 19 

trials (Fig. 3) resulted in approximately equal 

EF. Thirteen trials showed the efficiency of 

biochar plants was greater (blue highlighted 

area). In three trials, the efficiency of the con-

trol plants was less (gray shaded area).

Although 19 non-standardized tests are far 

too small to draw statistically reliable conclu-

sions, this figure does show a very interesting 

effect of biochar, worthy of examination. If 

these results are confirmed, they will suggest 

that the symbiosis of plants with soil-borne 

microorganisms induces the absorption of 

more complex, energy-rich nutrients.

Interpretation of results

Biochar is a biologically sustainable soil con-

ditioner and not a panacea, enabling the to-

mato plants produce twice as much harvest 

in a short period of time. At the best, chemical 

products, are able to achieve such amazing 

results while accompanied by well-known 

side effects. Biochar is not a fertilizer, but a 

skeletal framework, a habitat and a reservoir 

tuce behaved also relatively neutral. Zucchini 

showed a tendency to an increased crop 

production. It is particularly striking that, no 

negative reactions were detected in any of 

the nine trials in the cabbage family (broccoli, 

cauliflower, cabbage turnip, cabbage); six 

showed a positive reaction. In the remaining 

cultures, the number of trials was too small to 

detect any tendency (Fig. 2).

Increased energy efficiency of plants

The resulting lop was measured in certain frui-

ting or flower vegetables (beans, tomatoes,  

broccolis, pumpkins, zucchinis, cauliflowers). 

A relatively meaningful value is the ratio of 

the harvest to the remaining above-ground 

biomass (leaf and shoot). This ratio is refer-

red to hereafter as efficiency factor (EF). For 

example,  if a tomato plant produces 1200g 

of tomatoes and after the harvest 800g of its 

leafy shoots are left, the resulting EF will be 

1.5. The greater this factor is, the less bio-

mass is needed for fruit production signifying 

a more efficient plant production process. 

Comparing the EF of plants from the biochar 

biochar were obtained. A harvest which weig-

hed more than 10% of the control was as-

sessed positive. Correspondingly, a harvest 

of less than 10% less was given a negative 

rating. Any result in between was considered 

as neutral (Fig. 1).

Certain tendencies could be identified by 

a sufficient number of trials obtained in the 

experiments. Beans showed neutral to posi-

tive responses to biochar. Tomatoes were 

apparently relatively sensitive (rarely neutral 

results) and responded more positively. Let-

participants only about 100 were able to  carry 

on as planned during the growth period in 

the first year's round of experiments. By mid-

November, out of the 82 responses that were 

received, only 65 experiments were suitable 

for statistical analysis.

After subjecting all the 82 experiments in a 

meta-analysis, the results showed a hetero-

genous and often contradictory picture. Out 

of the 65 experiments evaluated from 21 

 different cultures, 27 positive, 25 neutral and 

13 negative trends in relation to the use of 

Fig. 1. Comparison of results from 62 crops harvested from biochar and control substrates.

Fig. 2. Comparison of resulting trends from the total harvested crops.
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general. Although biochar promotes particu-

larly humus formation and nutrient dynam-

ics of soils, its application could possibly be 

spared in soils with adequate humus content 

(depending on the clay content, from 3–6% 

and above). Even though biochar promotes 

and accelerates the build-up of humus, the 

decisive factor for a healthy plant growth is 

not the biochar, but the humus itself.

A bigger and usually more visible role of bio-

char can be seen in the change of the soil 

pH. The biochar we supplied had a basic pH 

(= 9.1). If such a coal is placed in an acidic 

soil, the pH of the soil will increase resulting 

in a significantly measurable impact on the 

microbial communities and nutrient uptake 

capacity. Plants that prefer a more acidic 

environment or are used to such will be dis-

advantaged (blueberries, lupine). On the con-

trary, those that prefer an alkaline environ-

ment will react very positively.

Difficulties of evaluating

One of the characteristics in such a huge 

 experiment done by the people is that numer-

ous factors cannot be standardized. Each 

garden has varying soil properties. Humus 

and clay content vary. The pH varies. The mi-

crobial environment of up to 5 billion micro-

organisms in a handful of soil varies. The 

maintenance of water supply varies. In our 

experience, compost quality also varies. The 

climate is on a large and a smaller scale, more 

or less, variable. Even the plant varieties of 

a crop are not uniform. Just think of all the 

 different varieties of tomatoes such as Rose of 

Berne, oxheart, amber fire, San Marzano, etc.

The interactions between the compost, soil, 

biochar and microbial environment are crucial 

Biological time

Biochar remaining in the soil as habitat for 

 microorganisms for a few thousand years, 

does not get fully activated after only one 

or two months and is not organically bound 

into the soil food web. First, the coal parti-

cles have to wander through worm intestines 

in an innumerable number of times and be 

colonized by bacteria and fungal hyphae and 

then absorb minerals and humic substances. 

A certain effect can be seen right from the 

beginning but the new soil equilibrium form 

will ultimately depends on many factors and 

is difficult to predict.

Some researchers claim that the actual soil-

forming effectiveness of biochar emerges 

recognizably only after several decades. 

However, we believe that the significant 

effect  of biochar on the soil equilibrium can 

already be observed earlier. Our longest trials 

in the vineyard have shown that differences 

in the variants become increasingly mani-

fested each year even though the measurable 

 effects on the grapes can be demonstrated 

basically from the second year onwards. Even 

if the presented preliminary results may at 

first glance seem a bit disappointing, it could 

turn out to be quite beneficial as they direct 

our attention back to the very foundations of 

soil microbiology.

Variations in environmental factors

One of the practical implications of the use 

of biochar is the resulting increase in the 

soil's water holding capacity. However, water 

stress plays a relatively minor role in middle 

European gardens as these gardens are suffi-

ciently watered. The effect of biochar on plant 

growth is lower in humus- and nutrient-rich 

soils such as those in organic gardening in 

In summary, a change in the soil environment 

occurs by incorporating biochar resulting in a 

biologically more efficient energy and material 

use. However, it takes time for the change in 

the soil environment to reach a new equilib-

rium state. At least in more humus-rich alka-

line soils, useful results can be detected only 

gradually over several years.

for soil microorganisms, minerals and water.    

It encourages soil life and influences the inter-

action of diverse functional groups of micro-

organisms, which in turn enter into symbiosis 

with the plant roots. Dynamic bindings, relea-

ses and transformations of inorganic and 

organic molecular groups take place on the 

highly porous surfaces of coal, which can 

reach up to 400 m2 / g, while having a large 

influence on soil nutrient dynamics.

Fig. 3. Ratios of Efficiency Factors (EF) of plants harvested from biochar 
and control plots.
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To benefit even more significantly from the 

 results and to be able to include the in fluence 

of various soil as well as pedoclimatic and 

 human factors, we announced an invita-

tion for a master's thesis at the University 

of Zurich. The student involved will not just 

be requesting results, he/she will be present 

in the gardens of the many participants to 

deter mine him-/herself the specific local con-

ditions. Separate soil, leaf and fruit analyses 

will complement the data collection.

The significance of the overall experiment 

will be further increased by recommend-

ing a shorter list of crops. The experimental 

protocols will be made easier to increase the 

motivation of the gardeners and improve the 

comparability of results.

As wine-growers, ecologists and climate 

farmers, we have chosen a profession that 

appears to us as the best of all possible pro-

fessions. It is a wonderful experience to share 

this passion with 500 gardeners and to feel 

that we try to head together on the same 

Noah's Ark to the Garden of Eden. With this, 

we thank all participants and look forward to 

further cooperation.

for the plant growth. Since it is unrealistic to 

analyse the soil, compost, climate and plant 

species individually in such an enormous ex-

periment conducted by the people, we must 

find and evaluate the suitable criteria to de-

termine the qualitative changes of soil, crop 

and yield aside from measuring just the yield 

and biomass.

The first stage of the meta-analysis shows 

that biochar does not have a direct positive 

effect on harvest in all circumstances. The 

obvious assumption that plants respond 

 differently depending on the family, type and 

variety makes it more difficult to evaluate and, 

at the same time, more interesting.

It’s not the increase in harvest by 10% or 

20% that is of highest relevance to the use 

of biochar in gardens, but whether the veg-

etables have a more intensive taste, or more 

active plant substances, or whether they 

stay fresh longer, or whether the entire soil is 

more  active and stores more carbon. In or-

der to  include such qualitative characteristics 

for statistical evaluation, protocols must be 

 revised until next season.

Prospects for next year's experiment

Next year, another 320 gardeners will be sup-

plied with characterized biochar for the con-

tinuation of the large-scale experiment. The 

180 participants who have already begun this 

year will continue the experiments without nu-

trient addition. The experiment will go on for 

at least three years. We are fortunate to per-

form a large-scale experiment of this  nature 

despite suboptimal standardized conditions.


