
It’s Not Just Dirt Anymore
by Jay Fuhrer



Nature and Properties of Soils, Fourteenth Edition, Chapter 12, Global Carbon Cycle





BISMARCK WSFO AP, NORTH 
DAKOTA (320819) 
Period of Record Monthly Climate Summary 

Period of Record : 7/ 1/1948 to 12/31/2007 

Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec Annu
al

Average Max. Temperature (F) 20.1 26.6 38.2 55.4 68.1 77.2 84.6 83.4 71.8 58.6 39.4 26.2 54.1 

Average Min. Temperature (F) -1.5 5.5 17.3 30.7 42.4 51.9 57.0 54.8 44.0 32.4 18.2 5.4 29.8 

Average Total Precipitation 
(in.) 0.47 0.47 0.78 1.39 2.33 2.94 2.44 2.00 1.40 1.02 0.58 0.46 16.28 

Average Total SnowFall (in.) 7.9 7.2 8.5 3.6 0.8 0.0 0.0 0.0 0.1 1.6 6.5 7.6 43.8 

Average Snow Depth (in.) 4 4 2 0 0 0 0 0 0 0 1 2 1 

40 Centimeters
Annual Precipitation



The Soil Food Web
Working Toward A Higher Quality No-till

The “Below Ground” Players… 
• Bacteria-

Decomposer of simple
carbon chains (low carbon
residue).

Little bag of fertilizer.
One bacterium can 
produce 5 billion offspring 
in 12 hours (food available).
Feed on root exudates.

Soil Biology Primer



The Soil Food Web
Working Toward A Higher Quality No-till

The “Below Ground” Players…
• Fungi-

Saprophytic-primary 
decomposer of complex
carbon chains (high carbon 
chains).
Mycorrhizal-transports 
nutrients.
Little bag of fertilizer.
Forms the soils glue 
(glomalin) along with the 
plant roots exudates.

Soil Biology Primer



The Soil Food Web
Working Toward A Higher Quality No-till

The “Below Ground” Players…

• Protozoa-
Mineralize nutrients by 
eating the little guys (fungi 
and bacteria).
Consumes an average of 
10,000 bacteria per day.
Amoebae – large
Ciliates – medium
Flagellates - small

Soil Biology Primer



The Soil Food Web
Working Toward A Higher Quality No-till

The “Below Ground” Players…
• Nematodes-

Mineralize nutrients by eating 
the little guys (fungi and 
bacteria).
Taxi for the bacteria & fungi.
Locate food by temperature.
Types: Herbivore, 
Bacterivores, Fungivores, and 
Predator.
Large in size, compacted soil
restricts their travel.

Soil Biology Primer



The Soil Food Web
Working Toward A Higher Quality No-till

The “Below Ground” Players…

• Actinomycetes-
Source of antibiotics: 
tetracycline, neomycin, 
streptomycin. 
Controls bacteria in the soil 
and in humans.
Convert dinitrogen gas to 
ammonia.
Decompose SOM.
Cure compost.

Soil Biology Primer



What Do They Weigh?
• Bacteria                                         2,000 - 2,500 Lbs/Ac

2,200 - 2800 Kilograms/Hectare

• Fungi                                              1,000 - 15,000 Lbs/Ac
1,200 – 17,000 Kilograms/Hectare

• Protozoa                                         20 - 300 Lbs/Ac

• Nematodes                                    10 - 300 Lbs/Ac
13 – 340 Kilograms/Hectare

• Microbes in Humans                    3 lbs/Person

Source:
• The Nature and Properties of Soils

Brady and Weil, Fourteenth Edition.
Soil Biology Primer.  
National Geographic, Nathan Wolfe, January 2013.



The “Above Ground” Players Include the 
Menoken Farm plus….

Gabe Brown
Brown’s Ranch

Glenn Bauer
Bacon Heights Farms

Marlyn Richter
Richter Farms

Jerry Doan
Black Leg Ranch



Soil Health: the continued capacity of soil to function as a vital living 
ecosystem that sustains plants, animals, and humans.

Soil Health Principles:
• Soil armor - keep the soil covered

• Minimize soil disturbance

• Maximize diversity of plants 
in the rotation – 4 crop types

• Maintain living roots in the soil
- cover crops

• Integrate livestock



Soil Health Principle 
Number 1:

Armor – Keep The Soil Covered



High Carbon Residue



A. H. Heggenstaller, University of Alberta

Missed Opportunities



Living Armor - Low Carbon Residue
Especially Helpful In Wet Springs



The Menoken Farm
Cover Crop Combination – Mid Carbon Residue



SOM’S Revolving Nutrient 
Bank Account.

• A furrow slice is 6 7/8 inches = 2,000,000 lbs
of soil per acre.

• 1.0% SOM X 2,000,000 lbs = 20,000 lbs of 
SOM per acre.

• 1.0% SOM = approximately 10,000 lbs Carbon, 
1,000 lbs Nitrogen, 100 lbs Phosphorous, and 
100 lbs of Sulfur.

• Mineralization Rate = 2-3% from Organic N to 
Inorganic N, which does not stop at harvest 
time.



Nutrient Cycling
Carbon/Nitrogen Ratios

• Soil Microorganisms, Bacteria *               5/1
• SOM, Mollisol Ap horizon  *                   11/1
• Rotted barnyard manure   *                   20/1
• Mature Alfalfa Hay *                                25/1
• Protozoa **                                               30/1
• Corn Stover   *                                          57/1
• Wheat Straw  *                                         80/1
• Newspaper  *                                          120/1
• Deciduous Wood **                               300/1
Source:
*The Nature and Properties of Soils, fourteenth Edition.                               
DR. Nyle C. Brady and DR. Ray R. Weil

** DR. Elaine R. Ingham, Soil Food Web



Soil Health Principle
Number 2:

Minimize Soil Disturbance



Compaction’s Big Three
• Tillage
• No armor
• Traffic



No-Till Field
No Residue!



Glenn Bauer – Bacon Heights Farms
Two Tillage Compaction Layers



Using Cover Crops                                                         
to address Resource Concerns

Sweep layer

Plow layer

Root breaking  
compaction layer

 Infiltration
 Compaction 
 Surface Saturation



Soil Aggregates
on a millet root.

Richter Farms

Glomalin and hyphae 
show well with a green 

color in the lab.

Dr. Kris Nichols, Microbiologist, ARS, Mandan, ND



Enlarged Soil 
Aggregates

Glomalin and hypae

Dr. Kris Nichols, Microbiologist, ARS, Mandan, ND , 2006



The Menoken Farm
Infiltration – Silt Loam Soil – 5 Years Of No-till Seeding

Minimal Disturbance Allows Soils To Rebuild
6 Inch Ring (15 Centimeters)
Stop Watch
Hammer & Block Of Wood

Plastic Wrap
500 ML Water
Apply and Time 500 ML’s Twice

Healthy Soils With Good Soil Aggregates Have Rapid Infiltration
Degraded Soils With Poor Soil Aggregates Have Slow Infiltration



The Menoken Farm
Infiltration

Poor Infiltration
Bottom Of The Ring Is Mostly Dry
Water Ponds On Top Of The Soil Profile

Good Infiltration
Bottom Of The Ring Is Wet
Water Enters The Soil Profile Rapidly

First 500 ML of Water Average Infiltration Time = 6 Minutes – 57 Seconds
Second 500 ML of Water Average Infiltration Time = 18 Minutes – 54 Seconds

5% 
Wet

95% 
Dry

100%
Wet



The Menoken Farm
No-Till Cropping System. 2009 - 2014

Field 2009 2010 2011 2012 2013 2014 Bulk 
Density
2014

1 Soy/CC Canola/CC Triti/Vetch Corn Canola/Pea Pasture 0.93

2 Pea/CC Cover Crop Corn Wht/Lentil Corn Cover Crop 0.95

3 Fert Wheat Wheat Wheat Wheat Wheat Wheat 1.26

4 Pea/CC Corn Pea/CC Cover Crop Corn Yellow Pea 0.90

5 Pea/CC Corn Pea/CC Wheat/CC Cover Crop Corn/CC 1.11

6 Pea/CC Corn Cover Crop Corn Cover Crop Corn 1.06

7 Pea/CC Corn Pea/CC Wheat/CC Sunfl/CC Cover Crop 0.90

8 Canola Pea/CC Wheat Cover Crop Corn Sunfl/cc 0.81

9 Flax/Lentil Cover Crop Corn Canola/Pea Wheat/CC Sunfl/cc 0.89

10 3 Sisters 3 Sisters Triti/Vetch Triti/Vetch Sunfl/CC Pasture 1.03



Soil Health Principle 
Number 3:

Crop Diversity



Crop Diversity

“The type and diversity of organic residues added to a soil can influence the type and diversity 
of organisms that make up the soil community. “ The Nature and Properties of Soils, 14th

Edition; Chapter 12.5



Diversity - Crop Types.
Cool Season Grass                  Cool Season Broadleaf

Barley                Canola   Turnip
Durum Wheat                           Crambe Pasja
Oat                                              Flax Pea
Spring Wheat                             Lentils Lupin
Winter Rye Oilseed Radish
Winter Triticale         Mustard
Winter Wheat        Forage Canola

Red Clover
Sweet Clover



Diversity - Crop Types

Warm Season Broadleaf       Warm Season Grass

Alfalfa                   Corn
Buckwheat                           Proso Millet
Chick Pea                              Pearl Millet
Amaranth                   Sorghum
Cowpea                                 Sudan
Soybean
Safflower
Sunflower



The Menoken Farm
Cover Crop Monocultures 2006

Pounds Of Production
1260 lbs To 2070 lbs Per Acre



The Menoken Farm
Cover Crop Cocktails 2006

Pounds Of Production               
4350 lbs To 4785 lbs Per Acre

Team Work Above And Below The Soil Surface

2006: June 1 – August 15 = 1.97 Inches (5 Centimeters) Precipitation 
North Dakota Agricultural Weather Network



The Menoken Farm 2006
We Manage Soil Temperatures
With Armor and Crop Canopy.

Cover Crop Combination Cover Crop Monoculture

30 
Degrees 

C

42 
Degrees 

C





The Menoken Farm
2012 Wheat Yields
Field 7 = 38.3 Bu/ac

Soil Test – May 15, 2012
Field 7
Solvita 55 PPM
Inorganic N    41.7 lbs
Organic N       50.5 lbs
Total N            92.2 lbs

38.3 Bu Wheat Yield Requires
N = 46 lbs P2O5 = 19 lbs

High Crop Diversity With Covers
Field 7 (No Commercial Fertility
2009 Pea/Cover Crop
2010 Corn
2011 Pea/Cover Crop
2012 Wheat/Cover Crop

Inorganic P2O5  50.1 lbs
Organic  P2O5    16.2 lbs
Total P2O5          66.3 lbs

Note



The Menoken Farm
2012 Wheat Yields
Field 3   45.4 Bu/Ac

Soil Test – May 15, 2012
Field 3
Solvita 43.8 PPM
Inorganic N    94.4 lbs/ac
Organic N         32.0 lbs/ac
Total N            126.4 lbs/ac

Low Crop Diversity Without Covers
Field 3 Full Commercial Fertility
2009 – 2012 Wheat

45.4 Bu Wheat Yield Requires
N = 55 lbs P205 = 23 lbs

Inorganic P2O5  39.6 lbs
Organic P2O5     13.3 lbs
Total P2O5          52.9 lbs

Note



Seeded the Cool Season Species -
November 2013
Seeded the Warm Season Species 
– June 2014

Side Oats Grama 1.5
Switch Grass 1.7
Blue Flax .05
Yellow Coneflower .05
Maximilian Sunflower .05
Alfalfa 1
Sweet Clover .75
Black Eyed Susan .05
Sainforn 2.25
Canada Milkvetch .05
Evening Primrose .05
Plains Coreopsis .05
Big Bluestem1.5
Indian Grass .4
Little Bluestem .25
Blue Grama .2
Meadow Brome 2
Western Wheat 2
Green Needle 2
Green Wheat 2
Intermediate Wheat 2
Total of 21 Species

New Pasture for 2015



Soil Health Principle
Number 4:

Continual Live Plant
(Finding the Fit)



Nurture Nature with System Synergies

No Tillage Cover Crops

Sustainability

Carbon management
Minimum carbon loss Maximum carbon input

Dr. Don Reicosky
ARS – Morris, MN





Triticale and Hairy Vetch Rolling the Cover

Good Kill with the Roller



Mob Grazing Sheep
90 Dry Ewes

Approximately 1/5 Acre Per Day

Warm Season Cover Crop Mixture Seeded 
July 11, 2011 South Half

90 Ewes X 165 Lbs Each = 14850 Total Lbs
Divided by 0.20 Acres = 74,250 Lbs /Ac

We Demand  
Cover Crop

Combinations

Or Else!



Sunflower and 10 Broadleaf Covers



Fall Seeded Cover Crop
Passive Armor and Active Armor

Both are food sources





High Crop Diversity
With Cover Crops

Total Biology - 1999 ng/g soil

Actinomycetes - 191 ng/g soil

Bacteria - 1625 ng/g soil

Fungi - 138 ng/g soil

Ratio Bacteria:Fungi – 11.7

Mycorrhiza – 38 ng/g soil

High Crop Diversity
Without Cover Crops

Total Biology - 1528 ng/g soil

Actinomycetes -133 ng/g soil

Bacteria – 1251 ng/g soil

Fungi – 115 ng/g soil

Ratio Bacteria:fungi – 11

Mycorrhiza – 41 ng/s soil

Richter Farms 2011



Richter Farms
High Crop Diversity With Cover Crops

2012 Corn Yields - Fertilized
SE31-138-78 Middle Field

Yield = 100 Bu/Ac

Crop History
2009 Oat & Pea/Cover Crop
2010 Corn
2011 Triticale & Vetch/Cover Crop
2012 Corn

Soil Test – May 10, 2012
SW31-138-78
Solvita 49.6 PPM
Inorganic N   18.2 lbs
Organic N      49.1 lbs
Total N           67.3 lbs

100 Bu Corn Yield Requires
N = 100 lbs P2O5 = 50 lbs

Inorganic P2O5 73.9 lbs
Organic P2O5    18.5 lbs
Total P2O5          92.4 lbs

Note
Solvita & 

Inorganic N
With Covers



Richter Farms
High Crop Diversity Without Cover Crops 

2012 Sunflower Yields - Fertilized
SW36-138-79

Yield =2371 lbs

Crop History
2009 Corn
2010 Lentil
2011 Corn
2012 Sunflower

Soil Test – May 10, 2012
Field SW36-138-79
Solvita 38.8 PPM
Inorganic N   42.3 lbs
Organic N      34.6 lbs
Total N           76.9 lbs

2371 lb Sunflower Yield Requires
N = 119 lbs P2O5 = 53 lbs

Inorganic P2O5  40.5 lbs
Organic P2O5     19.8 lbs
Total P2O5          60.3 lbs

Note 
Solvita &

Inorganic N
Without 
Covers



Soil Health Principle
Number 5:

Livestock Integration





Mob Grazing On Cropland
Gabe Brown - Before

Brown Ranch



Mob Grazing On Cropland 
Gabe Brown - After

Low Carbon



Mob Grazing On Cropland
Gabe Brown - Before 



Mob Grazing On Cropland
Gabe Brown - After

High Carbon Material



Two Years Mob Grazing
West Side of Shelterbelt

Total Biology – 6105 ng/g soil

Actinomycetes – 213 ng/g soil

Bacteria – 4417 ng/g soil

Fungi – 786 ng/g soil

Ratio Bacteria : Fungi – 5.6

Mycorrhiza – 230 ng/g soil 

No Mob Grazing
East Side of Shelterbelt

Total Biology – 4228 ng/g soil

Actinomycetes – 418 ng/g soil

Bacteria – 3349 ng/g soil

Fungi – 386 ng/g soil

Ratio Bacteria : Fungi – 8.7

Mycorrhiza – 145 ng/g soil

Gabe Brown



Brown Ranch
2012 Corn Yields
West Side of WB 

142 Bu/Ac

Soil Test – May 15, 2012
West Side of WB
Solvita 65.6 PPM
Inorganic N     56 lbs
Organic N       103 lbs
Total N            159 lbs

Crop History
Mob Grazed in 2010 and 2011
2009 Corn
2010 Cover Crop/Cover Crop
2011 Triticale & Vetch/Cover Crop
2012 Corn

142 Bu Corn Yield Requires
N = 142 lbs P2O5 = 71 lbs

Inorganic P2O5   230.1 lbs
Organic P2O5        19.0 lbs
Total P2O5           249.1 lbs



Season Long Cover Crops
Added To High Crop Diversity Rotation

Jerry Doan – Black Leg Ranch



Jerry Doan
Biological Soil Tests

Field 1
Corn 2010
Season Long Cover Crop 2011

Field 2
Season Long Cover Crop 2010
Season Long Cover Crop 2011

• Total Biology – 1774 ng/g soil

• Bacteria – 1473 ng/g soil

• Actinomycetes – 123 ng/g soil

• Fungi – 147 ng/g soil

• Ratio Bacteria:Fungi – 10.0

• Mycorrhiza – 37 ng/g soil

• Total Biology – 3312 ng/g soil

• Bacteria – 2510 ng/g soil

• Actinomycetes – 249 ng/g soil

• Fungi – 513 ng/g soil

• Ratio Bacteria:Fungi – 4.9 

• Mycorrhiza – 251 ng/g soil



2014 Cover Crop Mix
• #/acre                              Species
• 5                                       Super sweetsorg  / sudan
• 5                                       BMR grazing corn
• 3                                       Soybean
• 1                                       Cowpea
• 1                                       Mong bean
• 2                                       Forage collards
• 1                                       Hunter turnips
• 1                                       Wildlife grain sorghum
• 1                                       German millet
• 1                                       Berseem Clover, Crimson Clover, Arrowleaf Clover
• 1                                       Sunflower
• 1                                       Buckwheat, Oats, Safflower
Total 23#                               Cost $27.00/ acre



Native Rangeland - Nitrogen Balance
Inorganic and Organic

Location               Inorganic    Organic
Small Angus Ranch         6 lbs 57 lbs
Berg Ranch                    21 lbs 67 lbs
Winkler Ranch                 5 lbs 80 lbs

Black Leg Ranch            26 lbs 49 lbs
(Cropland)



2014 Sunflower Fertilization
71 Bushel Yield Goal – 2000 lbs

Standard Production Model 
Required: 50 lbs N & 28 lbs P2O5

Available: 26 lbs N & 10 lbs P2O5

Applied:   24 lbs N  & 18 lbs P2O5

Haney Data
Required: 50 lbs N & 28 lbs P2O5

Available: 48 lbs N & 18 lbs P2O5

Applied:      2 lbs N & 10 lbs P2O5

Savings: 22 lbs N & 8 lbs P2O5



No Fertilizer Half Rate Fertilizer



Soil Test – May 15, 2012   
Inorganic N      17 lbs          
Organic N         57 lbs        
Total N              74 lbs        

Crop History
2009 Sunflower
2010 Full Season CC Combination/W Grazed
2011 Full Season CC Combination/W Grazed

2012 Sunflower Yields
2200 lbs/ac
Jerry Doan 

SW1/4 
Reduced Fertility by 25% 

Required (Nutrient Mgt Planner) 
N = 110 lbs/ac  P2O5 = 50 lbs/ac

Soil Test – May 15, 2012
Solvita 46 PPM
Inorganic P   21 lbs
Organic P      16 lbs
Total P            37 lbs



Forage Analysis April 14, 2014
Crude Protein 8.2%
TDN 56.1%

Nutrient Requirements 11 Months  
After Calving (University of Florida)

Crude Protein 7.78%
TDN 52.3%

Turn In Date: April 1, 2014
Hubbard Feeds Inc. Bismarck, ND
Forage Analysis Date: April 14, 2014



• Keep cattle on the land, out of corrals and watersheds
• Positive public perception
• Save costs





Tying It All Together



What’s Happening In ND?



NDSU Wheat Fertilizer 
Recommendations - January 2010

• “If the field has been 
in no-till five or more 
continuous years, 
subtract 50 lbs
N/acre.”



NDSU Corn Fertilizer 
Recommendations - July 2014

• “the difference in N 
recommendations 
between long-term no-
till and conventional-till 
soils was between 40 
and 50 pounds less N 
per acre for long term 
no-till soils”



North Dakota Declares Soil Health Week

• Governor Jack 
Dalrymple signs a 
proclamation 
declaring January 
6-12, 2013 as Soil 
Health Week.





New Soil Health positions for ND

• NDSU added 5 new 
Soil Health 
positions on April -
2012.

• NRCS added a new 
Soil Health 
position on August 
- 2014.  



Factors Affecting the Balance between Gains 
and Losses of Organic Matter in Soils

Factors Promoting Gains
• Green manures or Covers
• Conservation tillage
• Return of plant residues
• Low temperatures & shading
• Controlled grazing
• High soil moisture
• Surface mulches
• Application of compost & manure
• Appropriate nitrogen levels
• High plant productivity
• High plant root:shoot ratio

Factors Promoting Losses
• Erosion
• Intensive tillage
• Whole plant removal
• High temperatures & exposures 

to sun
• Overgrazing
• Low soil moisture
• Fire
• Application of only inorganic 

materials
• Excessive mineral nitrogen
• Low plant productivity
• Low plant root:shoot ratio

Nature and Properties of Soils, 14th Edition, Brady and Weil



SOM’S Revolving Nutrient 
Bank Account.

• A furrow slice is 6 7/8 inches = 2,000,000 lbs
of soil per acre.

• 1.0% SOM X 2,000,000 lbs = 20,000 lbs of 
SOM per acre.

• 1.0% SOM = approximately 10,000 lbs Carbon, 
1,000 lbs Nitrogen, 100 lbs Phosphorous, and 
100 lbs of Sulfur.

• Mineralization Rate = 2-3% from Organic N to 
Inorganic N, which does not stop at harvest 
time.



Soil Organic Matter and Available Water Capacity
Inches of Water/One Foot of Soil

Percent SOM         Sand           Silt Loam      Silty Clay Loam
1                   1.0                1.9                   1.4
2                   1.4                2.4                   1.8
3                   1.7                2.9                   2.2 
4                   2.1                3.5                   2.6
5                   2.5                4.0                   3.0

Berman Hudson
Journal Soil and Water Conservation 49(2) 189-194
March – April 1994
Summarized by:
Dr. Mark Liebig, ARS, Mandan, ND
Hal Weiser, Soil Scientist, NRCS, Bismarck, ND



Fertilizer
*

Applied Per Acre
Actual Pounds

Diesel Fuel EQ
Gal/Lb N

Diesel Fuel EQ
Gal/Ac

Urea 90 0.129 11.6 

Phosphorous P205 40.5 0.042 2.2

Insecticide
**

Applied Per Acre
Pounds AI

Diesel Fuel EQ
Gal/Lb Insect.

Diesel Fuel EQ
Gal/Ac

Warrior 0.01125 0.881 0.01

Fungicide
***

Applied Per Acre
Pounds AI

Diesel Fuel EQ
Gal/Lb Fung.

Diesel Fuel EQ
Gal/ac

Headline – 2 Aps 0.1463 2.172 0.6

Total Diesel Fuel EQ Gal Per Acre = 14.4 

Cover Crop Energy Conservation – 1800 Lb Yield Goal

• * Energy Efficiency in Corn Nitrogen Fertilization, 2010, John Sawyer, Depart of Agronomy,  Iowa State U.
• ** T.O. West and G.Marland; Agriculture, Ecosystems and Environment  91(2002): 217-232
• *** E. Audsley, et al. 2009, Cranfield University, Bedford, England. Estimation of the Greenhouse Gas 

Emissions from Agricultural Manufacture and Use



Burleigh County Today
November 19, 2014

• 10% Never Changed
• 70% No-till Systems

Increased SOM a minimum of 1%. 

• 60% Grazing Systems
Leave more grass at the end of

the year than they used to produce.

• 25% Use Cover Crops
As a bridge to connect the cropping  
and grazing system together with
livestock.            



Crop Diversity
4 Crop Types

IPM
insects

diseases
weeds



Self Education
• The Nature and Properties of 

Soils – 14th Edition : by Brady and 
Weil

• Buffalo Bird Women’s Garden : by 
Gilbert Wilson

• The One Straw Revolution: by 
Masanobu Fukuoka

• Managing Cover Crops Profitably 
3rd Edition

• Guns, Germs, and Steel:  by
Jared Diamond

• Soil Biology Primer: by Elaine 
Ingham

• Life in the Soil: by James Nardi

www.bcscd.com

www.dakotalakes.com

www.sustainableranching.com

www.mandakzerotill.org

http://www.bcscd.com/
http://www.dakotalakes.com/
http://www.sustainableranching.com/
http://www.mandakzerotill.org/


Thank You

www.bcscd.com
Bee Basics – Moisset & Buchmann
Conserving Bumble Bees – Hatfield, Jepsen, Mader, Black, & Shepherd
Beneficial Insect Habitat Planning – The Xerces Society
Attracting Native Pollinators – Mader, Shepherd, Vaughan, Black, & LeBuhn
Life in the Soil – James Nardi
Undaunted Courage – Stephen Ambrose
Dirt – David Montgomery
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