
SOIL HEALTH PRINCIPLES AND 
BUILDING HEALTHY SOILS

BRIAN KOCH

REGIONAL WATERSHED COORDINATOR

TEXAS STATE SOIL & WATER CONSERVATION BOARD



WHY HEALTHY SOIL MATTERS

HEALTHY SOIL GIVES US CLEAN AIR AND WATER, BOUNTIFUL CROPS AND FORESTS, 

PRODUCTIVE GRAZING LANDS, DIVERSE WILDLIFE, AND BEAUTIFUL LANDSCAPES. SOIL 

DOES ALL THIS BY PERFORMING FIVE ESSENTIAL FUNCTIONS:

• REGULATING WATER - SOIL HELPS CONTROL WHERE RAIN AND IRRIGATION WATER GOES. WATER AND DISSOLVED 

SOLIDS FLOW OVER THE LAND OR INTO AND THROUGH THE SOIL.

• SUSTAINING PLANT AND ANIMAL LIFE - THE DIVERSITY AND PRODUCTIVITY OF LIVING THINGS DEPENDS ON SOIL.

• FILTERING AND BUFFERING POTENTIAL POLLUTANTS - THE MINERALS AND MICROBES IN SOIL ARE RESPONSIBLE FOR 

FILTERING, BUFFERING, DEGRADING, IMMOBILIZING, AND DETOXIFYING ORGANIC AND INORGANIC MATERIALS, 

INCLUDING INDUSTRIAL AND MUNICIPAL BY-PRODUCTS AND ATMOSPHERIC DEPOSITS.

• CYCLING NUTRIENTS - CARBON, NITROGEN, PHOSPHORUS, AND MANY OTHER NUTRIENTS ARE STORED, 

TRANSFORMED, AND CYCLED IN THE SOIL.

• PHYSICAL STABILITY AND SUPPORT - SOIL STRUCTURE PROVIDES A MEDIUM FOR PLANT ROOTS. SOILS ALSO PROVIDE 

SUPPORT FOR HUMAN STRUCTURES AND PROTECTION FOR ARCHEOLOGICAL TREASURES



WHY HEALTHY SOIL MATTERS

FOR EVERY 1% INCREASE IN SOIL ORGANIC 

MATTER THAT RESULTS IN UP TO 25,000 

GALLONS OF WATER PER ACRE INFILTRATED



WHAT DOES A HEALTHY SOIL LOOK LIKE?

• AGGREGATED “CHOCOLATE CAKE” 

APPEARANCE

• USUALLY DARKER COLORED

• FULL OF LIFE (A TEASPOON OF 

HEALTHY SOIL CONTAINS BILLIONS 

OF ORGANISMS)

• MOIST BUT NEVER SATURATED 

APPEARANCE



HOW WE MAKE OUR SOILS HEALTHIER

• COVER THE SOIL

• REDUCE SOIL DISTURBANCE (BIOLOGICAL, MECHANICAL AND CHEMICAL)

• KEEP PLANTS GROWING THROUGHOUT THE YEAR TO FEED THE SOIL

• DIVERSIFY AS MUCH AS POSSIBLE USING CROP ROTATION AND COVER CROPS

• INCORPORATE LIVESTOCK



COVER THE SOIL

SOIL ARMOR OR COVER, PROVIDES NUMEROUS BENEFITS FOR CROPLAND, RANGELAND, 

HAYLAND, GARDENS, ORCHARDS, ROAD DITCHES, AND MORE. LET’S TAKE A CLOSER LOOK 

AT SOME OF THE SOIL ARMOR BENEFITS:

• CONTROLLING WIND AND WATER EROSION – ARMOR PROTECTS SOIL FROM WIND AND/OR WATER AS IT MOVES 

ACROSS THE SOIL SURFACE. IT HOLDS THE SOIL IN PLACE ALONG WITH VALUABLE SOIL ORGANIC MATTER AND 

NUTRIENTS.

• EVAPORATION RATES – ARMOR REDUCES THE SOIL EVAPORATION RATES, KEEPING MORE MOISTURE AVAILABLE FOR 

PLANT USE.

• SOIL TEMPERATURES – ARMOR HELPS SOILS MAINTAIN A MORE MODERATE RANGE OF SOIL TEMPERATURES, KEEPING 

SOIL WARMER IN COLD WEATHER, AND COOLER IN HOT WEATHER. LIKE US, THE SOIL FOOD WEB FUNCTIONS BEST 

WHEN SOIL TEMPERATURES ARE MODERATE.

• COMPACTION – RAINFALL ON BARE SOILS IS ONE CAUSE OF SOIL COMPACTION. WHEN RAINFALL HITS THE ARMOR 

INSTEAD OF BARE SOIL, MUCH OF THE RAINDROP ENERGY IS DISSIPATED.

• SUPPRESSES WEED GROWTH – LIMITS THE AMOUNT OF SUNLIGHT AVAILABLE TO WEED SEEDLINGS.

• HABITAT – PROVIDES A PROTECTIVE HABITAT FOR THE SOIL FOOD WEB’S SURFACE DWELLERS



COVER THE SOIL



MINIMIZE DISTURBANCE

MINIMIZING SOIL DISTURBANCE IS A GOOD START TO REBUILDING SOIL AGGREGATES, 

PORE SPACES, SOIL GLUE, AND SOIL ORGANIC MATTER. THIS IS AN ESSENTIAL STEP FOR 

LONG TERM SOIL PRODUCTIVITY.

SOIL DISTURBANCE CAN GENERALLY OCCUR IN DIFFERENT FORMS:

• BIOLOGICAL DISTURBANCE, SUCH AS OVERGRAZING, WHICH LIMITS THE PLANTS ABILITY TO 

HARVEST CO2 AND SUNLIGHT.

• CHEMICAL DISTURBANCE, SUCH AS OVER APPLICATION OF NUTRIENT AND PESTICIDE, CAN DISRUPT 

THE SOIL FOOD WEB FUNCTIONS.

• PHYSICAL DISTURBANCE, SUCH AS TILLAGE OR OVERUSE OF AN AREA BY LIVESTOCK



MINIMIZE DISTURBANCE

• ULTIMATELY TILLAGE RESULTS IN ONE OR MORE OF THE FOLLOWING:

• WATER EROSION; TRANSPORTING SOIL, NUTRIENT, AND WATER TO OFFSITE LOCATIONS, WHICH 

NEGATIVELY IMPACTS WATER QUALITY AND QUANTITY.

• WIND EROSION; TRANSPORTING SOIL, AND NUTRIENT TO OFFSITE LOCATIONS, WHICH 

NEGATIVELY IMPACTS AIR QUALITY, HUMAN HEALTH, AND ANIMAL HEALTH.

• PONDING WATER; WHICH STAYS SATURATED ON THE SURFACE FOR LONG PERIODS OF TIME, A 

RESULT OF REDUCED INFILTRATION AND INCREASED RUNOFF.

• CRUSTING EASILY, WHICH RESTRICTS PLANT EMERGENCE.

• SOIL ORGANIC MATTER DEPLETION.



MINIMIZE 
DISTURBANCE

• TALE OF 2 SOILS OR 2 

DIFFERENT MANAGEMENT 

PRACTICES?

• SOIL ON THE TOP: SANDY 

LOAM, 4 DAYS AFTER 1.5 INCH 

OF RAIN, CONVENTIONAL 

TILLAGE (DISK, PLOW, HIPPER)

• BOTTOM SOIL: HEAVY BLACK 

CLAY, 5 DAYS AFTER 7+ 

INCHES OF RAIN, NO TILL



MAXIMIZE PLANT DIVERSITY

WE CAN START TO MIMIC THE ORIGINAL PLANT COMMUNITY BY USING CROP

ROTATIONS WHICH INCLUDE ALL FOUR CROP TYPES. DIVERSE CROP ROTATIONS 

PROVIDE MORE BIODIVERSITY, BENEFITING THE SOIL FOOD WEB; WHICH IN 

TURN IMPROVES RAINFALL INFILTRATION AND NUTRIENT CYCLING, WHILE 

REDUCING DISEASE AND PESTS. CROP ROTATIONS CAN ALSO BE DESIGNED TO 

INCLUDE CROPS WHICH ARE; HIGH WATER USERS, LOW WATER USERS, TAP 

ROOT, FIBROUS ROOT, HIGH CARBON CROPS, LOW CARBON CROPS, LEGUMES, 

AND NON-LEGUMES TO NAME A FEW.



MAXIMIZE PLANT DIVERSITY

THE FOLLOWING LISTS THE FOUR CROP TYPES WITH A FEW COMMON CROP EXAMPLES OF 

EACH:

• WARM SEASON GRASS – CORN, SUDAN, AND MILLET.

• WARM SEASON BROADLEAF – SUNFLOWER, AND SOYBEAN.

• COOL SEASON GRASS – WHEAT, OAT, BARLEY, AND RYE.

• COOL SEASON BROADLEAF – FLAX, PEA, AND LENTIL.

DIVERSE CROP ROTATIONS MIMIC OUR ORIGINAL PLANT DIVERSITY LANDSCAPES. THEY ARE IMPORTANT TO 

THE LONG TERM SUSTAINABILITY OF OUR SOIL RESOURCE AND FOOD SECURITY.



MAXIMIZE PLANT DIVERSITY



MAINTAIN CONTINUOUS LIVING ROOTS

• OUR PERENNIAL GRASSLANDS CONSIST OF COOL SEASON GRASSES, WARM SEASON GRASSES, 

AND FLOWERING FORBS. CONSEQUENTLY, ADAPTABLE PLANTS ARE ABLE TO GROW DURING THE 

COOL SPRING AND FALL WEATHER, AS WELL AS THE SUMMER HEAT. ALLOWING FOR A 

CONTINUAL LIVE PLANT FEEDING CARBON EXUDATES TO THE SOIL FOOD WEB DURING THE ENTIRE 

GROWING SEASON. 

• OUR CROPLAND SYSTEMS TYPICALLY GROW COOL OR WARM SEASON ANNUAL CASH CROPS, 

WHICH HAVE A DORMANT PERIOD BEFORE PLANTING AND/OR AFTER HARVEST. COVER CROPS 

ARE ABLE TO FILL IN THE DORMANT PERIOD AND PROVIDE THE MISSING LIVE ROOT EXUDATE, 

WHICH IS THE PRIMARY FOOD SOURCE FOR THE SOIL FOOD WEB.



MAINTAIN CONTINUOUS LIVING ROOTS

COVER CROPS CAN ADDRESS A NUMBER OF RESOURCE CONCERNS:

• HARVEST CO2 AND SUNLIGHT, PROVIDING THE CARBON EXUDATES TO THE SOIL FOOD WEB.

• BUILDING SOIL AGGREGATES AND PORE SPACES, WHICH IMPROVES SOIL INFILTRATION.

• COVER THE SOIL, CONTROLLING WIND AND WATER EROSION, SOIL TEMPERATURE, AND RAINFALL COMPACTION.

• CATCH AND RELEASE OF INORGANIC NUTRIENTS, IMPROVING WATER QUALITY.

• SALINITY MANAGEMENT.

• POLLINATOR FOOD AND HABITAT.

• WEED SUPPRESSION.

• WILDLIFE FOOD, HABITAT AND SPACE.

• LIVESTOCK INTEGRATION.

• ADDING CROP DIVERSITY

• ADJUSTING THE COVER CROP COMBINATION’S CARBON/NITROGEN RATIO, TO EITHER ACCELERATE OR SLOW 

DECOMPOSITION.



MAINTAIN CONTINUOUS LIVING ROOTS



LIVESTOCK INTEGRATION

ANIMALS, PLANTS, AND SOILS HAVE PLAYED A SYNERGISTIC 

ROLE TOGETHER OVER TIME. IN RECENT YEARS, ANIMALS 

ARE PLAYING A REDUCED ROLE DUE TO BEING PLACED IN 

CONFINEMENT AND FEWER FARMS NOW INCLUDE 

LIVESTOCK AS PART OF THEIR OVERALL OPERATION. 



LIVESTOCK INTEGRATION

WHY DO WE WANT TO RETURN LIVESTOCK TO THE LANDSCAPE?

• FALL OR WINTER GRAZING TO CONVERT HIGH CARBON ANNUAL CROP RESIDUE TO LOW CARBON ORGANIC 

MATERIAL; BALANCING THE CARBON/NITROGEN RATIO AND MANAGING OUR CROP ROTATION RESIDUE FOR NO-TILL 

SEEDING.

• SPRING OR SUMMER GRAZING ANNUAL AND/OR PERENNIAL PLANTS WITH SHORT EXPOSURE PERIODS FOLLOWED BY 

LONG RECOVERY PERIODS; ALLOWS THE PLANTS TO REGROW AND HARVEST ADDITIONAL SUNLIGHT AND CO2.

• REDUCE NUTRIENT EXPORT FROM OUR CROPLAND AND HAYLAND FIELDS. IN LIEU OF TRANSPORTING FEED TO A FEED 

LOT, WE CAN REVERSE THE ROLES AND HAVE THE LIVESTOCK GRAZE THE MATERIAL IN PLACE. RECYCLING THE 

MAJORITY OF NUTRIENTS, MINERALS, VITAMINS, AND CARBON.

• MANAGE WEED PRESSURE BY GRAZING IN LIEU OF AN HERBICIDE. 

• GRAZING COVER CROPS AND/OR CROP RESIDUES ALLOW US TO TAKE THE LIVESTOCK OFF THE PERENNIAL 

GRASSLANDS EARLIER IN THE FALL. EXTENDING THE GRASS RECOVERY PERIOD AND PROVIDING A HIGHER LIVESTOCK 

NUTRITIONAL DIET.

• GRAZING REDUCES LIVESTOCK WASTE ASSOCIATED WITH CONFINEMENT; HELPING MANAGE OUR WATER QUALITY 

AND NUTRIENT MANAGEMENT CONCERNS. ALLOWING CATTLE AND SHEEP TO BE HERBIVORES BY SECURING THEIR 

ENERGY NEEDS FROM PLANTS. 



LIVESTOCK INTEGRATION

HOW DO WE RETURN LIVESTOCK TO THE LANDSCAPE?

• WINTER AND FALL GRAZING COVER CROPS AND ANNUAL CROP RESIDUES.

• SUMMER GRAZING A FULL SEASON COVER CROP, ALLOWING ADEQUATE PLANT RECOVERY, 

FOLLOWED BY A SECOND GRAZING DURING THE FALL OR WINTER.

• WINTER FEEDING ON HAYLAND FIELDS BY ROLLING OUT BALES OR BALE GRAZING.

• SEED ROTATIONAL PERENNIALS, GRAZE AND MANAGE AS PART OF THE CROP ROTATION.



LIVESTOCK INTEGRATION



THANK YOU!

QUESTIONS?
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