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discuss phosphorusdiscuss phosphorus
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Soil PhosphSoil PhosphSoil PhosphSoil Phosph
bicarbonatebicarbonate--extext

Crop Response 
likely

Lettuce and 
Celery

< 40

Other cool-
season
vegetables

< 25
vegetables

Warm-season
vegetables

< 15
vegetables

horus Levelshorus Levelshorus Levelshorus Levels
tractable (ppm)tractable (ppm)

Response 
possible*

Response
unlikely

40 – 60 > 60

25 – 35 > 35

15 - 25 > 25

* especially in cold soils



Soil PotassSoil PotassSoil PotassSoil Potass
ammonium acetateammonium acetate
Crop Response

likelylikely

Celery < 150
Other cool-season
vegetables

< 100

Potato, tomato, 
pepper

< 150

C bitCucurbits < 80

sium Levelssium Levelssium Levelssium Levels
ee--extractable (ppm)extractable (ppm)
e Response 

possible
Response
unlikelypossible unlikely

150 – 200 > 200
100 – 150 > 150

150 – 200 > 200

80 – 120 > 120



Phosphorus aPhosphorus aPhosphorus aPhosphorus a
•• Both of these nutrienBoth of these nutrienBoth of these nutrienBoth of these nutrien

and managed with thand managed with th
•• There are several orgThere are several org•• There are several orgThere are several org

these nutrientsthese nutrients
High soil pH reducesHigh soil pH reduces•• High soil pH reducesHigh soil pH reduces
bone and rock sourcbone and rock sourc
V bl d iV bl d i•• Vegetable productionVegetable production
time build up high letime build up high le

h hh hphosphorusphosphorus

and Potassiumand Potassiumand Potassiumand Potassium
nts can be monitorednts can be monitorednts can be monitored nts can be monitored 
he use of soil testshe use of soil tests
ganic sources ofganic sources ofganic sources of ganic sources of 

s the availability ofs the availability ofs the availability of s the availability of 
ces of phosphorusces of phosphorus
n systems can over n systems can over 
vels of soil vels of soil 



Organic SOrganic S
•• Nitrogen is particulaNitrogen is particula

because of various fbecause of various f
transformations it gotransformations it go

•• Mineral nitrogen (nitMineral nitrogen (nit
is the plant availableis the plant available

•• Large quantities of NLarge quantities of Na ge qua t t es oa ge qua t t es o
complex forms in socomplex forms in so
which are not availabwhich are not availab

•• The challenge in orgThe challenge in org
get sufficient mineraget sufficient mineraget sufficient mineraget sufficient minera
N sourcesN sources

Soil FertilitySoil Fertility
arly problematic arly problematic 
forms it occurs in and forms it occurs in and 
oes throughoes through
rate and ammonium) rate and ammonium) 

e form of N in the soile form of N in the soil
N also exists in N also exists in a so e stsa so e sts
oil organic matter oil organic matter 
ble for plant growthble for plant growthp gp g

ganic agriculture is to ganic agriculture is to 
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Nitrogen CycleNitrogen Cycle
Soil OrgaSoil Orga
Most soil N iMost soil N i

(1000 (1000 –– 3030

CEC

Death MineraliMinerali

NH

Plants

CEC

Nitrific

NH

Plants Nitrific

NOAmino NO

* Mineralization is a key step in m* Mineralization is a key step in m

Amino 
acids

 Mineralization is a key step in m Mineralization is a key step in m
It is dependent upon adequate sIt is dependent upon adequate s

Crop residue, 
CompostCompost, 
Fertilizersanic Matteranic Matter

is in this formis in this form
000 lbs N/A)000 lbs N/A)

Deathzation*zation*

H4
+

Microbescation

H4

Microbescation

O -O3

making N available for plant growthmaking N available for plant growthmaking N available for plant growth making N available for plant growth 
soil temperatures (i.e. > 50 F)soil temperatures (i.e. > 50 F)



Sources of NitrogSources of NitrogSources of NitrogSources of Nitrog
•• StorageStorage

–– Organic MatterOrganic Matter
•• Legumes (N from air)Legumes (N from air)

–– Green ManuresGreen Manures
•• Vetches, clovers, peasVetches, clovers, peas

–– Alfalfa MealAlfalfa MealAlfalfa MealAlfalfa Meal
•• Mined Mined 

–– Sodium nitrateSodium nitrateSodium nitrateSodium nitrate
•• SeaweedSeaweed

en for Organic Agen for Organic Agen for Organic Agen for Organic Ag
•• Recycling/ScavengingRecycling/Scavenging

–– Prior crops, cereal cover Prior crops, cereal cover 
cropscrops

–– Meat Fish BloodMeat Fish Blood–– Meat, Fish, Blood, Meat, Fish, Blood, 
Feather, BoneFeather, Bone

–– Seed Meals (cotton, Seed Meals (cotton, 
soybean, etc)soybean, etc)

–– Manure, GuanoManure, Guano
G W t C tG W t C t–– Green Waste CompostGreen Waste Compost



Soil Test for NitSoil Test for NitSo est o tSo est o t
SysSys

•• There have been maThere have been ma
test soil nitrogen to ptest soil nitrogen to pg pg p
in conventional and in conventional and 
systemssystemsyy

trogen in Organic trogen in Organic t oge O ga ct oge O ga c
stemsstems
ny ideas proposed to ny ideas proposed to 
predict crop response predict crop response p p pp p p
organic production organic production 



•• In conventional In conventional 
production the production the 
presidedress nitrate presidedress nitrate 

i k t ti k t tquick test measures quick test measures 
nitrate, the dominant nitrate, the dominant 
form of N in the soilform of N in the soilform of N in the soilform of N in the soil

•• In organic production In organic production 
nitrate is not as usefulnitrate is not as usefulnitrate is not as useful nitrate is not as useful 
of an indicator of of an indicator of 
nitrogen due to nitrogen due to gg
typically low levels of typically low levels of 
nitrate encountered in nitrate encountered in 
soil soil 
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Soil Nitrate in OrgSoil Nitrate in Org
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Nitrogen SNitrogen S
•• The amino sugar soilThe amino sugar soil

proved to be a good proved to be a good p gp g
availability to cropsavailability to crops

•• At present: the best iAt present: the best iAt present: the best iAt present: the best i
soil nitrogen status isoil nitrogen status i
with total nitrogen:with total nitrogen:with total nitrogen:with total nitrogen:
–– Soils with less than 0Soils with less than 0

limited quantities of Nlimited quantities of Nlimited quantities of Nlimited quantities of N
–– Soils with more than Soils with more than 

mineralize significantmineralize significantgg
the crop cyclethe crop cycle

Soil FertilitySoil Fertility
l N test has not l N test has not 
predictor of N predictor of N pp

indication of availableindication of availableindication of available indication of available 
n organic systems is n organic systems is 

.07% total N mineralize .07% total N mineralize 
N for rapid crop growthN for rapid crop growthN for rapid crop growthN for rapid crop growth
0.15% total N can 0.15% total N can 
t amounts of N during t amounts of N during gg



Nitrogen SNitrogen SNitrogen SNitrogen S
•• As an example a soilAs an example a soilAs an example a soilAs an example a soil

contains 2,800 lbs N/contains 2,800 lbs N/
•• Incubation studies hIncubation studies h•• Incubation studies hIncubation studies h

during the summer aduring the summer a
organic N mineralizeorganic N mineralizeorganic N mineralizeorganic N mineralize

•• For a 60 day growth For a 60 day growth 
2 800 lbs N x 1 0% x2 800 lbs N x 1 0% x2,800 lbs N x 1.0% x 2,800 lbs N x 1.0% x 

•• This is about 1 lb N/AThis is about 1 lb N/A

Soil FertilitySoil FertilitySoil FertilitySoil Fertility
l with 0.07% total Nl with 0.07% total Nl with 0.07% total N l with 0.07% total N 
/A/A
ave shown thatave shown thatave shown that ave shown that 

about 1% of soil about 1% of soil 
es/monthes/monthes/monthes/month
cycle that would be: cycle that would be: 
2 months =2 months = 56 lbs N/A56 lbs N/A2 months = 2 months = 56 lbs N/A56 lbs N/A

A/dayA/day



Nitrogen SNitrogen SNitrogen SNitrogen S
•• The nitrogen that minThe nitrogen that minThe nitrogen that minThe nitrogen that min

organic matter is theorganic matter is the
nitrogen level that evnitrogen level that evnitrogen level that evnitrogen level that ev
plant growthplant growth

•• A key goal in organicA key goal in organic•• A key goal in organicA key goal in organic
build up the levels ofbuild up the levels of
which increases thewhich increases thewhich increases the which increases the 
which can be minerawhich can be minera

Soil FertilitySoil FertilitySoil FertilitySoil Fertility
neralizes from theneralizes from theneralizes from the neralizes from the 

e “background” e “background” 
very soil provides forvery soil provides forvery soil provides for very soil provides for 

c production is toc production is toc production is to c production is to 
f organic matter f organic matter 
levels of stored Nlevels of stored Nlevels of stored N levels of stored N 

alized for plant growthalized for plant growth
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Soil TypeSoil Type ManaManaSoil TypeSoil Type ManaMana

Clay LoamClay Loam OrganOrgan

Clay LoamClay Loam ConvConv

LoamLoam OrganOrganLoamLoam OrganOrgan

LoamLoam ConvConv

Fine Sandy LoamFine Sandy Loam OrganOrgan

Fi S d LFi S d L CCFine Sandy LoamFine Sandy Loam ConvConv

nic Soil nic Soil Building Building 
torage in torage in SoilSoil

agementagement Total Soil N %Total Soil N %agementagement Total Soil N %Total Soil N %

nic nic 0.170.17

ventionalventional 0.140.14

nicnic 0 140 14nic nic 0.140.14

ventionalventional 0.110.11

nic nic 0.120.12

ti lti l 0 060 06ventionalventional 0.060.06

Smith, 2003
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Nitrogen Requirem
Seasona

Low total N content 
120 lb /

Medium
< 120 lbs/acre con

120-200

Baby greens CarBaby greens Car
Beans Corn, 

Cucumbers GaCucumbers Ga
Radish Lett
Spinach MelSpinach Mel

Squashes On
PepPep

Toma

ment of Vegetables
al Uptake
m total N 

t t
High total N content

200 lb /ntent
lbs/acre

> 200 lbs/acre

rrot Broccolirrot Broccoli
sweet Cabbage

arlic Cauliflowerarlic Cauliflower
tuce Celery
lons Potatolons Potato

nion
perspers
atoes



Nature of VegNature of VegNature of VegNature of Veg
•• Rapid growth from 30 to Rapid growth from 30 to 

60 days following60 days following60 days following 60 days following 
plantingplanting
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•• High peak demand for NHigh peak demand for N
•• Can be as high as 4Can be as high as 4--5 lbs 5 lbs 

Nitrogen/Acre/dayNitrogen/Acre/day

0 50 60 70



Crux of NitrogenCrux of NitrogenCrux of NitrogenCrux of Nitrogen
Organic HorticOrganic Hortic

•• Some crops may be Some crops may be 
economically accepteconomically accepty py p
mineralization of soimineralization of soi

•• Most of our key cropMost of our key cropMost of our key cropMost of our key crop
greater quantities of greater quantities of 
nitrogen to achieve enitrogen to achieve enitrogen to achieve enitrogen to achieve e
yieldsyields

n Fertilization ofn Fertilization ofn Fertilization of n Fertilization of 
cultural Cropscultural Crops
able to achieve able to achieve 

table yield from table yield from yy
l organic matterl organic matter

ps will generally needps will generally needps will generally need ps will generally need 
available mineral available mineral 

economically viableeconomically viableeconomically viable economically viable 



Nitrogen from 

•• This can be an econ
• Cereal cover crops 
scavenge N from thescavenge N from the

• Legumes fix nitroge
Th k• There are some key
N from cover crops p
kept in mind

Green Manures

nomical source of N
recycle and 
e soile soil 
en from the air

i diy issues regarding 
that needs to be



Cover CropCover CropCover CropCover Crop
ProteinsProteins

MicroMicro
MicrobesMicrobes

Typically <Typically <1010--3030% of cov% of cov
N is taken up by the first suN is taken up by the first su

Crop*Crop*

* A good deal of cover crop N remains in the* A good deal of cover crop N remains in the
can be taken up in later years (i.e. can be taken up in later years (i.e. 7373% % --

Depends uponDepends uponDepends uponDepends upon
C:N; lignin and C:N; lignin and 
PolyphenolsPolyphenols

obesobes

ypyp

AvailableAvailable
Mi lMi l

ver crop ver crop 
MineralMineral

NitrogenNitrogen
ubsequent ubsequent 

gg
e system and cane system and can
Jackson, Jackson, 20002000))
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Nitrogen release fNitrogen release f
residue basedresidue basedresidue based residue based 

Nitrogen ReleaseNitrogen Release
Percent N Percent N 

in Cover Cropin Cover CropNitrogen ReleaseNitrogen Release in Cover Cropin Cover Crop

Will Tie up NWill Tie up N 0.50.5
Will Tie up NWill Tie up N 1.01.0
Will Tie up NWill Tie up N 1.51.5

May Tie up N*May Tie up N* 2.02.0
May Tie up N*May Tie up N* 2.52.5
Will Release NWill Release N 3.03.0
Will Release NWill Release N 3.53.5
Will Release NWill Release N 4.04.0

from cover crop from cover crop 
on the N contenton the N contenton the N contenton the N content

Examples of Cover CropsExamples of Cover Crops

Cereal StrawCereal Straw

Cereal StrawCereal Straw

Cereal at headingCereal at heading

Cereal pre headingCereal pre heading

Mustards at heading and Imm. cereal Mustards at heading and Imm. cereal 

Mustards, legumes and juvenile cerealMustards, legumes and juvenile cereal

Legumes and immature mustardsLegumes and immature mustards

LegumesLegumes



2006 & 2007 Cover C2006 & 2007 Cover C
& Fertilizer Trial& Fertilizer Trial

YearYear BioBio
TT

20062006 33
20072007 3320072007 33

S

Crop Crop 

omass omass N in TopsN in Tops N in TopsN in Tops
T/AT/A PercentPercent lbs/Albs/A
3.213.21 3.13.1 194.5194.5
3 713 71 2 12 1 153 4153 43.713.71 2.12.1 153.4153.4

Smith and Muramoto, 2007
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Summary ofy
from Cove

• Cover crops can pro
amounts of N for plap

• However, supplemen
was needed for maxwas needed for max

• The amount and rate
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on its nitrogen conte
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Mineralizatio
from Man

Manures and
used in orgaused in orga
can they pro
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anic systems but whatanic systems, but what 
ovide with regards to 
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Characteristics of 
Material

Pelletized poultry manurePelletized poultry manure

Aged poultry manure

Poultry compost

Aged feedlot manureAged feedlot manure

Feedlot manure compost

Yard waste compost

Yard waste compostYard waste compost

Compost/Manures
Total N C/N Ratio

4 7 4 54.7 4.5
3.1 9.1
3.8 5.7
2 0 12 42.0 12.4
2.2 11.4
1.6 14.4
1 0 12 01.0 12.0

Hartz et al, 2000



N Minera
Manures an

I t t d• In a two year study o
rate of organic amen

d i frecovered in a fescu
Material Mean

P

Manure

Composted Manure

Composted Yard WasteComposted Yard Waste

alization
d Compost
f th i li tiof the mineralization 

ndments, nitrogen was 
f lle crop as follows:

n N recovery High N recovery
Percent Percent

11 27
6 15
2 62 6

Hartz et al, 2000



Mineralization of Mineralization of 
from Manuresfrom Manures

SumSumSumSum
•• Mineralization of minMineralization of min

manures and composmanures and composmanures and composmanures and compos
amounts of readily avamounts of readily av
demanding horticultudemanding horticultudemanding horticultudemanding horticultu

•• These materials playThese materials play
building and providebuilding and providebuilding and providebuilding and provide
of N that contributes of N that contributes 
content and that behcontent and that behcontent and that behcontent and that beh
organic matterorganic matter

Mineral Nitrogen Mineral Nitrogen 
 and Compost and Compost

mmarymmarymmarymmary
neral nitrogen from neral nitrogen from 
st can provide limitedst can provide limitedst can provide limited st can provide limited 
vailable N for high N vailable N for high N 
ural cropsural cropsural cropsural crops
 a larger role in soil  a larger role in soil 
a longa long term sourceterm source a long a long--term source term source 
to total soil nitrogen to total soil nitrogen 
aves the same as soilaves the same as soilaves the same as soil aves the same as soil 



Mineralization of Mineralization of 
from Manuresfrom Manures

SumSumSumSum
•• Composts and manuComposts and manu

of phosphorus and pof phosphorus and pof phosphorus and pof phosphorus and p

Material PhoMaterial Pho
Manures and composts 1.6
Yard Waste Composts 0 2Yard Waste Composts 0.2

Mineral Nitrogen Mineral Nitrogen 
 and Compost and Compost

mmarymmarymmarymmary
res are good sources res are good sources 

potassiumpotassiumpotassiumpotassium

osphorus Potassiumosphorus Potassium

6 – 2.6 0.5 – 3.0
2 0 3 0 6 1 42 – 0.3 0.6 – 1.4
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Net N Mine
PercentPercent 

Product Temperatur
°FF

Pelleted Poultry
Manure

59
7777

Fish Powder 59
7777

Feather Meal 59
7777

Blood Meal 59
77

eralization 
of Initialof Initial

re 1 Week 4 Weeks 8 Weeks

4 16 21
10 23 3610 23 36
51 55 61
48 60 6448 60 64
42 56 59
50 64 6350 64 63
41 60 64
51 67 70

Hartz & Johnstone 2006



Percent of NitroPercent of NitroPercent of NitroPercent of Nitro
Across FAcross F

gen Mineralizedgen Mineralizedgen Mineralized gen Mineralized 
FertilizersFertilizers

Hartz & Johnstone 2006



Percent of NitroPercent of NitroPercent of NitroPercent of Nitro
Across TemAcross Tem

gen Mineralizedgen Mineralizedgen Mineralized gen Mineralized 
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Hartz & Johnstone 2006



Incubation Incubation 
Dry OrganicDry Organic

•• There was relativel
mineralization in th

• This was due to en• This was due to en
of urea and simple 
(labile forms of N)

Studies of Studies of 
c Fertilizersc Fertilizers

y rapid y p
he first two weeks
zymatic hydrolysiszymatic hydrolysis 
proteins 



Even at low temp•• Even at low temp
labile forms of N 
available and exh
weeksweeks

• There was a slow
i li ti fmineralization af
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rates of soil orga
(complex organic(complex organic

peratures theperatures the 
were made 
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Net N Mineralizatio
Percent of In

Product Material % mProduct Material % m
@ t

Agrolizer
5 12 actual N

Fish 
6 0 label N5.12 actual N 6.0 label N

Biolyzer
2.59 actual N

Grain 
Fermentation
2.5 label N

Phytamin 434
3.48 actual N

Guano, Fish
4.0 label N3.48 actual N 4.0 label N

Phytamin 421
3.96 actual N

Soy Meal 
Plant Extracts
4.0 label N

n Liquid Fertilizers q
nitial @ 59 °F

mineral N 1 week 2 week 4 weekmineral  N
time zero

1 week 2 week 4 week

70 69 75 83

12 34 40 50

63 74 78 79

24 62 71 78

Hartz, unpublished
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•• The costs of organicThe costs of organic
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•• Cost per pound of niCost per pound of ni
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•• Organic Soil FertilityOrganic Soil Fertility
Symposium JanuarySymposium Januaryy p yy p y
–– vric@ucdavis.eduvric@ucdavis.edu

InformationInformation

y Management y Management 
y y 1515, , 20092009, UC Davis, UC Davisyy ,, ,,
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• Nitrogen sources for or
– Mark Gaskell and RichardMark Gaskell and Richard
– http://vric.ucdavis.edu/slec

• Soil fertility manageme
M k G k ll Ri h d S– Mark Gaskell, Richard Sm

– http://anrcatalog.ucdavis.e
i C lif i /7249oninCalifornia/7249.aspx

cations

rganic vegetable crops
d Smith, 2007d Smith, 2007
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nt for organic crops
ith d th 2006mith and others, 2006

edu/OrganicVegetableProducti



•• http://cemonterey.uchttp://cemonterey.uccdavis.edu/cdavis.edu/
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