
Cover Crops:  
the Cornerstone of Sustainable 

Production of Annual Crops 

“Feed the soil, and the soil 
will feed the crop.”

Asheville, NC – June 23, 2012



A Note about “Organic” and the USDA 
National Organic Program (NOP)

• Practices discussed generally comply with NOP.
➢When in doubt, check with your certifier.

• NOP Certification is required in order to sell 
products as “organic.”

• For NOP Standards and lists of allowed and 
prohibited materials:

http://www.ams.usda.gov/AMSv1.0/nop



What is the secret to this success?

David and Lee O’Neill of Radical Roots Farm in central  
Virginia make a good living on five acres – by caring for 
the soil as a living system.



Key elements of the Soil Food Web, 
and how they hold and release nutrients



The Organic 
Matter Cycle

The soil food 
web is the 
engine of soil 
fertility and 
plant nutrition. N-P-S



The Organic Matter Cycle in Nature

The organic matter cycle provides all the 
nutrients for plant growth in natural ecosystems 
such as this forest.



The Organic 
Matter Cycle 
in Agriculture
• Harvest removes 

organic matter 
(OM) and nutrients.
• Bare soil periods 

reduce OM input.
• Tillage burns up 

OM and promotes 
nutrient leaching.



Replenishing the Organic Matter Cycle

In sustainable production, the farmer feeds 
the soil life a diverse “balanced diet” of:

•Cover crops and green manures
•Compost
•Organic mulches
•Crop residues
•Manure
•Organic fertilizers and amendments



Q. Why use cover crops? 
A. Living cover is vital to soil health.

Bare soil is hungry and 
at risk …

Nature’s healing 
response to bare soil is 
to grow weeds.  

! Minimize bare 
fallow periods in the 
crop rotation.



Plant Roots 
Play a Vital 
Role in the  
Soil Food Web

• Root exudates 
and fine roots
• Rhizosphere 
•Mycorrhizal 

fungi



Cover Crops: the Cornerstone of 
Sustainable Crop Production

Cover crops maintain soil 
quality by:
•Preventing erosion, 
compaction, crusting
•Adding organic matter
•Feeding the soil life
➢while alive (root 
exudates)
➢after termination

Triticale + Field Pea



Cover Crops: the Cornerstone of 
Sustainable Organic Crop Production

Cover crops provide and 
manage nutrients by:
•Fixing N (legumes)
•Scavenging surplus N
•Making scarce P and K 
more available
•Not aggravating P or K 
excesses

Crimson Clover



Cover Crops: the Cornerstone of 
Sustainable Organic Crop Production

Cover crops reduce 
pest problems by:

•Suppressing weeds
•Breaking pest and 
disease life cycles
•Providing habitat for 
beneficial organisms

Buckwheat



Buckwheat (Fagopyrum esculentum)
Benefits:
• Covers ground rapidly
• Mobilizes soil phosphorus
• Excellent nectar plant for 

natural enemies of crop pests
• Strong weed suppression

Uses and niche:
• Short fallow (30-50 days) 

during frost-free period
• Farmscaping

The buckwheat 
has 
nearly covered the 
ground by 14 DAP.



Buckwheat (Fagopyrum esculentum)
Tips:
• Sow 75 – 100 lb/ac, ~ ¾ inch 

deep.
• Frost tender annual
• Dislikes drought and intense 

heat
• Decomposes quickly, low 

residue
• Self-seeds readily !second 

generation, or becomes weed

Buckwheat in full
bloom supports
beneficial insects 



Sorghum-sudangrass  
(Sorghum bicolor X sudanense)

Benefits:
• High biomass (4 – 6 tons/ac)
• Deep, fibrous roots prevent 

erosion and break hardpan
• Strong scavenger for N
• Good weed suppression
• Suppresses some pest nematodes
Niche and Applications:
•  Summer fallow, restore  weedy or 

compacted soils.
• Grow mulching material.

Sorghum-sudan 
(with lablab bean) 
has reached 9 ft.



Sorghum-sudangrass  
(Sorghum bicolor X sudanense)

Tips:
• Plant when soil warm, Jun-

Aug.
• 25 – 50 lb/ac, ½ – ¾ inch deep.
• Requires fertile soil, lot of N.
• Grow with summer legume to 

balance C and N, or provide N.
• Regrows and sends roots 

deeper after mowing to 6-12 in.
• Drought tolerant
• Frost-tender, requires heat
• Does not mow-kill or roll-kill

Sorghum-
sudangrass 
cut back to promote 
root growth



Pearl Millet (Pennisetum glaucum)

Benefits:
• Organic matter, 4 – 5 tons/ac
• Prevent erosion (all grasses)
• Suppresses weeds
• Fair subsoiler, improves tilth

Niche and Applications:
• Frost-free period, hottest 

months of year
• Grow mulching material



Pearl Millet (Pennisetum glaucum)
Tips:
• Sow 10-20 lb/ac, ½ in deep.
• Easy to roll-kill or mow-kill 

after heading.
• Regrows vigorously and 

sends roots deeper if cut at 
vegetative stage.

• Grow with legume, sow at 
lower rates.

• Highly drought and heat 
tolerant, frost-tender

Pearl millet + sunnhemp  
have generated 4 tons/ac 
in 65 days after planting.



Foxtail Millet (Setaria italica)
Benefits:
• Organic matter, 3 – 4 tons/ac
• Good weed suppression

Niche and Applications:
• Summer annual, 60-75 day 

fallow, plant before solstice

Tips:
• Easy to roll-kill after heading
• Late plantings – little biomass

Foxtail millet or German  
millet, heading at about 
60 days after planting



Cowpea (Vigna unguiculata)
Benefits:
• Good  biomass, strong N fixer
• Beneficial habitat
• Rapidly covers ground, strong 

weed competitor
• Food or forage crop
Niche and Applications:
• Plant when soil warm, May-Aug
• Summer fallow 50 – 90 days
• Plant alone, or with millet or 

sorghum-sudangrass

Cowpea forms a 
dense canopy that 
can smother 
weeds.



Cowpea (Vigna unguiculata)
Tips:
• Sow 60 – 100 lb/ac, ¾ – 

1 inch deep
• Fairly shade tolerant – 

companion to tall grass 
or relay-intercrop

• Very drought-tolerant
• Frost-tender, heat-loving
• Vining varieties (‘Iron-

Clay’) for high biomass

Production varieties such as 
‘Purple Hull Crowder’ (above)
provide food as well as a weed-
suppressive cover crop.



Forage Soybean (Glycine max)

Benefits:
• Organic matter(to 4 tons/ac)
• Nitrogen (to 200 lb/ac fixed)
• Weed suppression

Niche and Applications:
• Plant after spring frost 

through July.
• Plant with millet, buckwheat, 

or sorghum-sudangrass.

‘Tyrone’ forage 
soybean forms 
high biomass and 
N



Forage Soybean (Glycine max)

Tips:
• Sow 80 – 120 lb/ac, 1 

– 1.5 inches deep.
• Use late varieties 

(Group VI or later).
• Frost-tender summer 

annual, moderate heat 
and drought tolerance.

• Hosts some pest 
nematodes.

Forage soybean fixing N 
in future “grow zone,” with 
weed-suppressive 
sorghum-
sudangrass in alleys.



Sunnhemp (Crotolaria juncea)
Benefits:
• Organic matter and N
• Suppresses weeds, nematodes
Niche and Applications:
• Plant when soil warm 
• 60-90 days, May-August
Tips:
• Tolerates drought, heat, low 

soil fertility
• Tall (6 ft); excellent companion 

for sorghum-sudan, milletsSunnhemp growing  
with pearl millet



Forage Radish (Raphanus sativus)
Benefits:
• Rapidly covers ground
• Subsoiler – deep, heavy taproot
• Strong N scavenger
• Strong weed suppression 
• Suppresses some soil pests
Niche and Applications:
• Plant late summer or fall.
• Weed control, N recovery
• Prepares seedbed for spring.

Fodder radish has 
inedible taproot, but 
cover crop value is
similar to daikon.



Forage Radish (Raphanus sativus)
Tips:
• Sow 10 – 15 lb/ac, ½ inch deep.
• More drought tolerant than oats, 

establishes well in late summer
• Winterkills at about 20°F, may 

overwinter in Zone 8.
• Residues degrade quickly, leave 

bare soil after winterkill. 
• Spring plantings may bolt before 

achieving desired size

Daikon radish, 
a.k.a. tillage radish, 
is 
both vegetable and 
cover crop.



If radish kills weeds this dead, what will 
it do to spring vegetables?

Winterkilled radish leaves little residue but shows 
no weeds in March (left). Pearl millet + sunnhemp 
leave heavy residues yet allow weed growth (right).  
Experiment at Virginia Tech (Appalachian region).



Radish Cover Crop for Selective Weed 
Control and Enhanced Spinach?

Spinach sown March 31, 2006 after winterkilled radish (left) and 
pearl millet + sunnhemp (right), photographed May 12.  Fall radish 
reduced winter weeds and soilborne damping-off fungi. 



Spring Oats (Avena sativa)

Benefits:
• Good biomass, prevents erosion
• Scavenges soil N
• Strong weed competitor
• Moderate C:N, does not tie up N
Niche and Applications:
• Plant early spring, terminate 

Jun-July, or plant Aug-Sep to 
winterkill or terminate in spring

• Companion with annual legumes

Spring oats, sown  
in late August, forms 
thick cover by  
October.



Spring Oats (Avena sativa)

Tips:
• Sow 100 lb/ac alone 

or 50 lb/ac with 
legume; ~1 inch deep.

• Winterkills at 15 – 
20°F, may overwinter 
in warmer parts of 
South.

• Not drought tolerant

Oats are an especially good 
companion for both annual 
legumes like peas (above) and
perennial clovers and grasses.



Winter Rye (Secale cereale)
Benefits:
• High biomass (3 t/ac)
• Scavenges soil N effectively
• Prevents erosion, improves tilth
• Strong weed suppression by 

competition and allelopathy
Niche and Applications:
• Plant late summer to mid fall, 

terminate April-June.
• Workhorse winter cover, 

combine with vetch, peas, clover



Winter Rye (Secale cereale)

Tips:
• Easily mow- or roll-killed
• Sow 100 – 120 lb/ac, 1 in. 

deep
• Combine with hairy vetch or 

other legume (rye @ 60 lb/ac)
• ‘Abruzzi’ variety best for South
• Most hardy of all cover crops 

(survives -40°F;  Abruzzi 0°F)
• Tough, persistent residue, can 

tie up soil N if incorporated.
Cereal rye reaches 5 – 7 
feet at heading; manage
by mowing or rolling.



Other Winter Cereal Grains
Winter Barley (Hordeum vulgare)
• Hardy to about 10°F
• Tolerant to drought and moderate salinity
• Allelopathic
Winter Wheat (Triticum aestivum)
• Hardy to <0°F, hard to roll-kill, otherwise similar 

to winter rye
Triticale
• Tall, strong-stemmed, easy to roll-kill, similar to 

winter rye



Italian Ryegrass (Lolium multiflorum)
Benefits:
• Superb erosion control and tilth, 

otherwise similar to winter rye
Niche and Applications:
• Plant late summer or early fall as 

winter cover crop
• “Nurse” crop for perennial sod
Tips:
• Cannot kill by rolling or mowing
• Requires fairly high fertility



Hairy Vetch (Vicia villosa)
Benefits:
• Strong N fixer, 100 – 200 lb/ac
• Beneficial insect habitat
• Moderate weed suppression
Niche and Applications:
• Plant with cereal grain in fall
Tips:
• 25 – 40 lb/ac, ½ – 1 in. deep
• Weedy if allowed to set seed!



Cover crop Bicultures and Polycultures

Advantages of grass + legume:
•Wider adaptability than 
monoculture
•Fills niche, better cover and 
weed suppression
•Enhanced N fixation
•Often higher biomass 
•Balanced C:N “feeds” soil 
better, no N leaching or tie-up
•Supports soil microbial diversity

Rye + vetch suppressed 
winter weeds better than 
either alone in field trials.
Rye supported vetch vines;
vetch provided N to rye.



Rye + vetch vs Rye alone

Rye + vetch residues (left) enhanced both weed control and crop
yield in no-till broccoli, compared to rye alone, which reduced
availability of N to the vegetable crop (right).  Rye + vetch also
suppressed a wider range of weeds than rye alone, which 
allowed horseweed (Conyza canadensis) and cool season grasses
to break through.



Crimson Clover (Trifolium incarnatum)
Benefits:
• Organic matter, N fixation, 

balanced C:N
• Beneficial insect habitat
• Moderate weed suppression

Niche and Applications
• Winter annual legume, plant 

Aug-Sept., terminate April
• Companion with rye or other 

cereal grainCrimson clover in  
full bloom



Crimson Clover (Trifolium incarnatum)

Tips:
• Sow 15 - 30 lb/ac, ¼ - ½ inch 

deep, or broadcast & 
cultipack

• Hardy to 0 – 10°F
• Easier to manage and roll-kill 

than vetch
• Matures earlier than hairy 

vetch & most rye; matures 
with barley, Abruzzi rye

Crimson clover growing
with winter barley 
(Hordeum vulgare)



Austrian Winter Pea (Pisum sativum)
Benefits
• Strong N fixer
• Good ground coverage, biomass
• Beneficial habitat
• Fair weed suppression alone, 

excellent with cereal grain
Niche and Applications
• Plant early spring, Aug (to 

winterkill) or Sept (overwinter)
• Plant with rye, or early spring 

with oats
Austrian winter pea 
with triticale formed
5 tons/acre biomass



Austrian Winter Pea (Pisum sativum)

Tips:
• Hardy to 0°F
• Easy to kill by rolling 

or mowing
• Not drought tolerant
• Excellent edible pea 

tips



Subterranean clover  
(Trifolium subterraneum

Benefits:
• Strong N fixer, good biomass
• Suppresses weeds by 

shading and allelopathy.
Niche and Applications:
• Plant fall, dies in late spring, 

may self seed.
• Winter annual, dies down in 

summer to leave mulch
• Self-seeding, comes up in 

fall



Red Clover (Trifolium pratense)
Benefits:
• Good N fixer, mobilizes soil P.
• Subsoiler (deep taproot).
• Clover-grass sod, restores soil 

health, promotes tilth.
• Reduces annual weed pressure.
• Beneficial insect habitat.
Niche and Applications:
• Plant spring or late summer, 

grow 8 months – 3 years for 
break in annual crop rotation.

Red clover is a short lived 
perennial (2-3 years) that
Is easy to establish in open
feld or as overseed in a
standing crop.



Red Clover (Trifolium pratense)

Tips: 
• Easy to establish – sow 

10 – 15 lb/ac, drill ¼ inch 
deep or broadcast alone 
or with perennial grass.

• Sow with “nurse” crop of 
oats at 40 – 50 lb/ac

• Very shade tolerant, can 
overseed into standing 
vegetable or cereal grain 
crop.

Red clover was sown in  
alleys between tomato rows  
in early summer, and became 
well established by October 
in Vermont.



Sweetclover (Melilotus officinalis)

Benefits:
• Subsoiler – deep taproot
• Good biomass and N fixer
• Mobilizes soil P
• Beneficial insect habitat
• Suppresses weeds.
Niche, Applications, Tips
• Plant 15 lb/ac, Apr or Aug 

alone or with oats, red clover 
or grasses; grow until spring 
of second year (biennial)

Yellow sweetclover, 
about one year after 
planting, is almost 
ready to bloom.



Selecting Cover Crops for 
Your Farm and Crop Rotation

Open discussion



How to Succeed with Cover Crops

• Choose the best cover crops for the season.
• Use fresh, vigorous, high-quality seed.
• Plant a biculture or polyculture of grass and 

legume or other broadleaf crop.
• Plant at optimum seeding rates.
• Use good planting technique.
• Irrigate or fertilize (compost, aged manure) if 

needed to establish vigorous stand.



Seed Quality

In a forage soybean 
variety trial at Virginia 
Tech, high seed quality 
(left) contrasted with 
poor stands from low 
quality seed (right).



Seed Quality

Sixty days later, the high quality seed gave a 
nearly weed-free stand (left), while the low 
quality seed gave a weedy stand (right).



Cover Crop Planting Technique

An inexpensive ($100)  push seeder designed for 
vegetables 
can give uniform stands of small and large seeded 
cover crops, similar to a grain drill (about $10,000), 
and is 
practical for small scale market gardens.



Be sure to drill into a  
clean, fresh seedbed!

• Prepare your seedbed hours – 
not days – before drilling a 
cover crop.

• If planting is delayed, lightly 
stir the soil surface to check for 
weeds in “white thread” stage

• Weeds can get the jump on 
the best cover crops in a 
seedbed prepared just five 
days before planting.  Cultivate 
shallowly. If you see this when 

you stir the soil, till 
lightly before drilling



Cover Crop Planting Technique

Charlie Maloney of Dayspring Farm skillfully broadcasts 
rye + vetch at 50 + 25 lb/ac with a spin seeder ($40), 
then rototills one inch deep, taking out any small weeds 
while planting the cover.



Cover Crop Planting Technique

Uniform, thick stands of rye + vetch shown 4 (left) and 
11 (right) days after broadcasting and shallow 
incorporation at Dayspring Farm, on a sandy loam 
in the Tidewater region of Virginia.



Green Manure versus No-Till?

Tilling a cover crop stimulates 
microbial activity and can:
•Release nutrients
•Develop active organic matter
•Promote crumb structure
•Release nutrients faster

However tillage can also:
•Disrupt existing soil structure
•Promote erosion
•Stimulate weed emergence

Plowing down a vetch  
cover crop: will it kill  
weed seedlings by 
allelopathy, or just feed 
them with nitrogen?



Managing High-Biomass Cover Crops 
at the Garden Scale

Pearl millet + sunnhemp: 7 feet, 4 tons/ac in 65 
days.

Mow, scythe, or weed-whack top growth.
Using clippings as mulch or to make compost.
Till stubble as needed to prepare ground for next 

crop.



No-till Cover Crop Management Without 
Herbicides

Rolling can be done with a specially designed  
roller-crimper (left), or with a flail mower with the  
PTO off (right).



Minimum or No Tillage  
Without Herbicides

Reduce  tillage when 
practical:

• No-till into rolled-
down cover crops

• Strip-till – part 
residue, till narrow 
strip.

• Mulch tillage
• Ridge tillage

Demonstration of no-till vegetable 
transplanter in roll-crimped cereal
grain cover crop at North Carolina 
Agriculture & Technology State U.



Organic No-Till – Will it Work?

NO!  Purple nutsedge and  
other invasive perennials  
will penetrate a rolled  
cover crop overnight.

YES!  Organic summer 
squash planted no-till into 
rolled rye +vetch at Virginia 
Tech yields 15 tons/ac.  
Weeds were mostly 
summer annuals.



Questions?



Sustainable Soil and 
Nutrient Management 

Understanding and Using Soil Tests 
and Compost Analysis Reports

Asheville, NC – June 23, 2012



Can “Feed the Soil”  
adequately feed a vegetable crop?

• Healthy soil food web can meet majority of 
crop nutrient needs.

• Must replenish organic matter and 
nutrients consumed in production.

• Additional “supplements” are often needed.



Organic Nutrient Management

Use organic and natural mineral amendments to:
• Restore depleted soils
• Remedy nutrient deficiencies & imbalances
• Adjust soil pH
• Meet nutrient demand of heavy feeders
• Replenish nutrients removed in harvest



Determining Fertilizer Needs: Soil Test

A soil test is a “snapshot” of the chemical 
condition of the soil, including:
•pH (acidity)
•Plant-available P, K, Ca, Mg, micronutrients
•Organic matter content
•Cation exchange capacity (CEC)
•Recommendations for lime, nitrogen (N), 
phosphate (P2O5), potash (K2O)



Interpreting the Soil Test

A&L Test NCDA 
Range Index  Interpretation

VL = very low <10 critically deficient
L = low 10-25 likely yield limiting
M = medium 25-50 possibly yield limiting 
H = high 50-100 optimum 
VH = very high >100 ample to excessive



Look at sample tests  
from A&L and NCDA



Conventional nutrient 
recommendations

• Lime based on soil pH and buffer pH index.
• N based on crop need only (soil N not 

measured).
• P and K based on research into crop 

response at different soil test P and K levels.
• Recommended NPK rates often exceed 

“replacement” levels because:
➢Crop take up more NPK than is harvested off.
➢Some of applied NPK is lost or tied-up in soil.



Research-based Nutrient Recommendations  
↓= most profitable application rates.

High soil biological activity can modify crop 
response to applied nutrient rates.



Nutrient Recommendations for Organic 
Systems

Consider:
• Nutrient removal by harvest 
• Soil physical and biological condition
• Potential nutrient release by soil life
• Slower release from organic amendments
• Environmental impacts of inputs

There is no set formula to “translate” conventional 
soil test recommendations to organic.



Nutrient 
Sufficiency

• Adequate 
nutrient reserves 
in soil.
• Abundant and 

balanced soil life.
• Deep, open soil 

profile; roots 
explore large 
volume of soil.



Nutrient 
Deficiency

Scenario 1:  the 
nutrient itself is 
scarce in the soil.

!Apply nutrient

!Adjust soil pH if 
needed to 
enhance nutrient 
availability.



Nutrient 
Deficiency

Scenario 2:  The 
soil life is depleted 
or unbalanced.

!Utilize high 
quality compost to 
provide inoculum.

! Provide 
organic inputs to 
“feed” soil life.



Nutrient 
Deficiency

Scenario 3:  Soil 
compaction 
restricts root 
growth.

!Chisel plow or 
subsoil.

! Grow deep-
rooted cover 
crops.



Why were these crops not growing?
• The phosphorus was 

critically low at 4 ppm 
(optimum is ~50)

• Soil life was depleted 
(crops showed response 
to compost tea)

• The soil was severely 
compacted at 3 inches 
below the surface.

• Subsoil acidity possibly 
present.



Tips on Using a Soil Test in  
Organic Nutrient Management

• Correct sampling procedure is important.

• Note deficiencies, excesses, and imbalances.

• Observe the soil and crops.

• Verify with plant tissue analysis.

• Re-test with same lab to monitor trends.



Soil  Amendments:

• What can I use to address nutrient needs 
identified on soil test?

• What can I use if I am USDA Certified 
Organic?

• What about the economics of organic and 
natural mineral nutrient sources?



Soil pH and Lime

• Most vegetables prefer pH 6.0-7.0.
• Blueberries prefer pH 4.8-5.2.
• Use high-calcium limestone if Mg is high.
• Use dolomitic limestone if Mg is low.
• Use elemental sulfur to lower pH.
• Hydrated lime and quicklime are hard on 

soil life; not allowed under NOP certification.



Nitrogen (N)
• N is most common crop 

nutrient deficiency.
• Vast stores in atmosphere 

(N2), and soil (organic matter 
N)

• Plants utilize soluble nitrate 
(NO3-) or ammonium (NH4+).

• Soil life mediates N availability 
and storage.

• Legumes important N source.
• Soluble N easily leached or 

volatilized, can pollute water.
Deficiency: older 
leaves turn evenly 
yellow.



Carbon-to-Nitrogen (C:N) Ratio  
and Soil N Dynamics

• Soil life utilizes 25-30 lb C for every lb N. 

• Organic residues with C:N > 30:1 tie up N.

• Organic residues with C:N < 25:1 release N.

• Materials with C:N 25-35:1 build most soil OM.

• Biological processes reduce C:N of materials.



Sources of N
Organic (NOP allowed): $/lb N

Feather meal (13-0-0) 4.15
Blood meal (12-0-0) 6.10
Cottonseed meal (6-2-1) 6.50
Chilean nitrate (16-0-0) restricted use 4.30
Legume cover crops 0.40-1.40

Conventional:
Urea (46-0-0) 1.00



Nitrogen Budgeting in  
Organic Farming

Estimating N available to the current crop:

• Estimated N from mineralization by soil life 
(conservatively ~ 20 lb per % soil test SOM)

• Legume cover crops (~50% of total N)

• Manure (~50% of total N)

• Compost (10-25 % of total N)

• Organic N fertilizers if needed



Phosphorus (P)
• Plants use soluble phosphates.
• Most soil P = insoluble mineral 

and organic forms.
• Soil life mediates P availability; 

mycorrhizae play vital role.
• P excesses initially “fixed,” then 

accumulate in soil.
• P is lost in runoff and erosion, 

can pollute surface waters.
• P is most limiting worldwide.

Deficiency: 
stunted 
growth, purple or 
reddish leaves



Sources of P
Natural mineral & organic (NOP allowed): $/lb P2O5

Rock or colloidal phosphates (0-3-0) 7.00-10.00 
     total (0-20-0) available over ~10 yrs 1.00-1.50 
Bone meal (2-14-0) – faster release 3.70
Manure, fresh or composted, 1-2% P2O5 1.00-2.50
Composted plant matter, 0.2-0.8% P2O5 3.00-10.00 

Conventional:
Triple superphosphate (0-45-0) 0.75

1 lb P2O5 = 0.44 lb P



Nitrogen-Phosphorus Balance

• Plants utilize N and P in a ratio of 6:1 – 10:1.
• Manure and compost provide N and P at 

about 3:1.
• Some manure N is lost, P is stable.
• Using manure or compost for N can build up P.
• Excessive soil P can inhibit mycorrhizae, 

upset plant nutrition.
• Legume cover crops add N but not P.



Organic N and P Management 
• Cool season  heavy 

feeders need N faster 
than soil releases it.

• N – P balance:
➢Manure, compost N:P 

~ 3:1
➢Crops use  N:P ~ 8:1
• If soil P is low, use 

compost for N, account 
for soil N release.

Broccoli requires 150 lb N/ac 
within 60-70 days after 
planting. 
Supplying it all with manure 
or
compost will build up soil P.



Organic N and P Management 
• If soil P is high:
➢Limit compost or 

manure to match  P 
removal in harvest.

➢Use legumes for 
additional N

➢Side-dress with blood, 
feather, or seed meals 
(low-P organic  N 
sources)

This cover crop of forage 
soybean contains 4 tons/ac 
biomass and 200 lb/ac N



Potassium (K)
• Plant-available K as K+ ions, 

held on CEC (clay + humus).
• Most soils have large 

insoluble mineral K reserves.
• Cereal grains, grasses, trees 

release some mineral-fixed K.
• Vegetables use a lot of K (≥ 

N).
• K surpluses can build up in 

most soils.
• K can leach from sandy soils; 

not considered polluting.

Deficiency: white 
spots, 
singed or tattered 
edges on older 
leaves



Sources of K
Natural mineral & organic (NOP allowed): $/lb K2O

Potassium sulfate (0-0-51-18S) 1.55
Sul-po-mag (0-0-18-11Mg-22S) 3.05
Greensand (7% K, very slow release) 5.50
Grass hay, fresh (2% available K) 2.50 – 5.00
     (spoiled hay sometimes available free)

Conventional:
Potassium chloride (0-0-60)  0.65

1 lb K2O = 0.83 lb K



Potassium and Nutrient Balance

• Hay or grass mulches are very rich in K.

• Composted or aged manure may add more K 
than N.

• Excess K can interfere with Mg or Ca nutrition:
➢Blossom end rot, tip burn in vegetables.
➢Grass tetany in livestock (life-threatening).



Compound (NPK) Fertilizers

Instead of 10-10-10 and other soluble NPK 
fertilizers, organic growers use:

• Compost (typically ~ 1-1-1)
• Manure (NOP requires 120 days interval to 

harvest for uncomposted manure)
• Manure or poultry litter based fertilizers (e.g. 

Fertrell 3-2-3, Harmony 5-3-4)



Magnesium (Mg)
• Plant-available Mg is 

mostly held on CEC as 
Mg++ ions.

• Deficiencies occasionally 
occur.

• Magnesium can leach 
from sandy soils. Deficiency: older leaves  

yellow between veins.



Sources of Mg

NOP-allowed: $/lb Mg
Dolomitic limestone (also raises pH) 0.70
Sul-po-mag (also adds K) 5.00 
  Nutrient cost for both K and Mg 1.90
Magnesium sulfate 4.30

Dolomitic lime releases Mg over 2-3 years.



Calcium (Ca)
• Plant-available Ca is mostly on CEC as Ca++ 

ions.

• Ca is usually sufficient if soil pH ≥ 6.0.

• Ca counteracts subsoil Al toxicity.

• Blossom end rot (tomato, pepper) and tip 
burn (greens) are localized Ca deficiencies.



Sources of Ca

• Calcitic or high calcium limestone (raises pH)

• Aragonite (high calcium lime with trace 
elements)

• Dolomitic limestone (also adds Mg, raises 
pH)

• Gypsum (also adds S, no effect on pH)



Sulfur (S)
• Most topsoil S in organic forms.
• Plants utilize soluble sulfate-S.
• Sulfate-S can leach from topsoil.
• Many Virginia soils have good 

subsoil sulfate-S reserves.
• S deficiency most common in 

seedling stage, sandy soils.
• Gypsum, sul-po-mag, 

magnesium sulfate, and 
elemental sulfur supply S.

Deficiency: 
youngest leaves 
turn evenly yellow.



Micronutrients essential  
for plant growth

• Zinc (Zn)
• Copper (Cu)
• Manganese (Mn)
• Iron (Fe)
• Boron (B)
• Molybdenum (Mb)
• Nickel (Ni) Fe deficiency: youngest 

leaves yellow between veins.
Mn, Cu, Zn deficiencies similar.



Amending micronutrients
• Boron (B) deficiency is 

common in Virginia.
• Zn, Cu, Mn are 

occasionally deficient.
• Poultry litter is Zn and Cu 

source.
• Molybdenum occasionally 

deficient in legumes.
• NOP allows micronutrient 

supplements if justified by 
soil test.

Acute B deficiency:
distorted or 
damaged
growing points.



What does Your Soil Test Tell 
You?

Open discussion


