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We can grow healthy soil via biology not chemistry. 
 
Gabe Brown provides five principles developed by nature to grow and protect soil: 
limited disturbance, armor, diversity, living roots, and integrated animals. This is the 
back-story! 
 
Dirt begins with sand, silt and/or clay. No dirt is completely devoid of life. Land that has 
been farmed using industrial agricultural techniques is highly damaged. The ratio of 
fungi : bacteria is about 1:100. Because it has been regularly tilled, it is basically devoid 
of structure, has very low levels of organic material and has very limited capacity to 
absorb water. Gabe Brown’s farm had 1.7 – 1.9 percent organic matter when he took it 
over in 1991. (The North Dakota prairies are estimated to have had 7 – 8 percent 
organic matter prior to the introduction of the plow). It was able to absorb ½ inch of rain 
in an hour. Typical US soil composition is 50% mineral (sand/silt/clay) 25% water, 15% 
air, and 10% organic matter. His farm had received regular applications of fertilizer, 
herbicides, and pesticides. It had been regularly tilled and used to grow monocultural 
crops.  
 
Gabe slowly changed the way that he cared for the land. By 2012, the organic content of 
his soil had risen to 5.3 percent organic material on his croplands and 7.3 percent on his 
pastures. The water infiltration rate had improved so that the soil could absorb 1” of 
rain in 9 seconds and a second inch in 16 seconds. It was able to absorb 8” in an hour. 
The fungi: bacteria ratio had changed to between 1: 1 to 5:1 (the ratio in a forest is 100 : 
1). He does not till it, does not apply fertilizer or insecticides, and rarely uses herbicides. 
It is possible to push a 4-foot metal rod into his soil up to your knuckles. His farm has 
been heavily researched by the scientific community and this is their understanding of 
what has enabled this transformation. 
 
It begins by introducing plants. They are understood to be “biological primers” of this 
transformation. Each plant will use photosynthesis to absorb CO2 from the atmosphere 
and then strip out the oxygen and release what soil microbes do not need into the 
atmosphere. It uses the carbon that it has absorbed to make sugar. It exudes this sugar 
from its roots to attract soil microbes that can provide it with the minerals that it 
requires. It exudes different sugar compositions to attract the specific kind of microbe 
that it needs. Some of these microbes make nitrogen available to the plant to fertilize it. 
It is estimated the as much as 60% of the soil bacteria can fix nitrogen from the air.  
 
The bacteria are nourished by the sugar and use some of it to create a carbon-rich glue 
so that they can bind themselves to the surface of a soil molecule. (These aggregates are 
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especially useful in creating porous structures in clay, which are long rod shaped 
molecules which when laid side-by-side make a structure that water cannot readily 
penetrate. The aggregates jumble them up into snowflake like structures that are more 
porous). They begin to create soil aggregates of irregular shapes, which create cavities in 
these aggregates for the absorption and transfer of water and air.  
 
The plant will also attract mycorrhizal fungi, which attach themselves to the plant roots 
by piercing them with tiny thread-like hyphae. The fungi now are capable of 
transmitting water and minerals to the plant from long distances in exchange for being 
fed carbon-based sugars. The arbuscular mycorrhizal fungi is a key player in nutrient 
transfer in the soil. The fungi also use some of the sugar to make and secrete a glue-like 
substance called glomalin, which helps them bind soil particles and bacterial aggregates 
into even larger and irregular shaped aggregates. This glue lasts for 26 days and then 
deteriorates so fungi are continually producing more of it. This greatly increases the 
pore space within the aggregates for water and air circulation. Indeed, it is in these pore 
spaces that most soil microbes live and move on a thin film of water.  
 
There are billions of different soil organisms. Bacteria are the most numerous.  A 
bacterium lives about one hour and can divide every 20 minutes (which means that in 
just 7 hours one bacterium can generate 2,097,152 bacteria). Fungi are the next most 
numerous soil organism. There are also earthworms, soil invertebrates, soil insects, 
protozoa (one-celled organisms), nematodes (tiny worms) and micro arthropods 
(related to crustaceans and insects). A specific kind of bacteria is attracted because it 
can make a needed mineral available to the plant. (Both bacteria and fungi secrete 
enzymes that release minerals from clay, silt and sand as well as from stones and actual 
bedrock). However, the bacteria may not provide it in a useable form for the plant until 
it is eaten by another microbe which can digest it into a useable form. The plant will 
emit a specific sugar to attract the needed soil organism for that purpose. The plant 
intelligence that has evolved over the eons is remarkable.  The community of microbes 
that develops and multiplies in this rhizosphere of healthy soil is very robust and the 
plants thrive under these conditions. The nutrients that the plant needs are mediated by 
biology in order for the plant to be able to use them. As the various microbes are eaten 
by other microbes, the carbon in their bodies remains ever deeper in the soil and 
eventually is transformed into humin which is a semi-permanent sequestered deposit 
which is stable so long as it remains in the soil. 
 
Each plant is a biological primer of this process. Microbial life is strengthened when a 
polyculture of plants grows in a place. Plant diversity fosters microbial diversity. Planting 
a variety of plants such as cool and warm weather grasses, cool and warm weather 
broadleaves, nitrogen fixing legumes, brassicas (including nitrogen accumulating daikon 
radishes), and forbs each attract different microbes to meet their needs. The wide array 
of leaf sizes and shapes, plant height and breadth combine to maximize the collection of 
solar energy, which powers the process of photosynthesis. The planting of annual and 
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perennial plants ensures that, as the nutrients released by plant and root 
decomposition, they are readily available to the surrounding living plants for their use. 
By maximizing this energy collection and the formation of organic material, the overall 
community of plants transforms subsoil into top soil at an accelerated rate. Fungi 
enabled the evolution of bushes and trees by making minerals and water available in 
sufficient quantities to support larger plants.  
 
Gabe brown plants cover crops that have between 7 and 30 varieties of seed. In these 
living fields, he then uses a seed drill to plant specific cash crops in this living mat of 
plants and their roots find their way into a teaming community of living soil. He also 
grows these cover crops to feed cattle, sheep, pigs, and chickens. A form of intense, 
short-term grazing is employed so that only a portion of the cover crop is eaten. The 
rest of the plant is trampled, the soil surface is disturbed, and urine and feces are added. 
This grazing helps keep the plants in a vegetative state rather than proceeding to form 
seeds.  In response, the plants pulse large quantities of carbon into the rhizosphere, 
which further stimulates the microbial life and contributes to the formation of more top 
soil. The animals and crops growing in this healthy community of soil have incorporated 
nutrient dense food, which enters the bodies of humans who benefit from the food 
grown in this regenerated soil. 
 
This approach to caring for the land has many advantages: better water infiltration, 
better soil aggregation, and increased organic content in the soil. Always having the soils 
covered shields against evaporation and erosion, regulates soils temperature, increases 
microbial life, and suppresses weeds. The elimination of tilling and the application of 
chemicals reduces equipment, labour and fuel costs dramatically. 
 
Tilling the soil would destroy this biological achievement and the application of 
fertilizers or herbicides/pesticides/fungicides/insecticides would seriously weaken it. 
Tilling enables rapidly reproducing r-strategist bacteria, which have rapid metabolic 
rates to explode in numbers. They quickly eat the glues and destroy the soil aggregates. 
he soil should always be covered. If live vegetation is not possible in certain situations, 
plant residue should be applied to cover the break. This armouring of the soil ensures 
that the living soil is protected on a continuous basis. 
 
The knowledge that has been gained by the study of Gabe Brown’s farm and the many 
other case studies identified in his book and Kristin Ohlson and Josh Tickell’s book 
should stimulate each of us to reexamine our gardening practices to incorporate as 
many of these insights as possible. Operating in an urban environment presents many 
challenges and barriers to a fuller adoption of this knowledge, but we have much to gain 
in our efforts to employ sustainable practices. 
 
I encourage you to read these books yourself so that you can better absorb and 
understand the wisdom of the plant world.  Practices such as these, if employed on a 
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global scale, could sequester an enormous amount of the carbon, which is driving the 
sixth extinction episode on our home planet. 
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