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  Background on Cover CropsBackground on Cover Crops

•• Cover cropping is an age old agriculturalCover cropping is an age old agricultural
practice that can benefit soils/crops by:practice that can benefit soils/crops by:
–– Increasing nitrogen (N) supply to subsequentIncreasing nitrogen (N) supply to subsequent

cropscrops
–– Conserve nutrients (i.e. reducing N leaching)Conserve nutrients (i.e. reducing N leaching)
–– Improve soil physical propertiesImprove soil physical properties
–– Reduce soilborne pest pressureReduce soilborne pest pressure
–– Reduce soil erosion (water quality benefits)Reduce soil erosion (water quality benefits)



  If Cover Crops are So Beneficial, WhyIf Cover Crops are So Beneficial, Why
are They Not More Commonly Plantedare They Not More Commonly Planted

•• Direct cost ($150 toDirect cost ($150 to
$200/A)$200/A)

•• Opportunity CostsOpportunity Costs
•• Risk of missing plantingRisk of missing planting

schedulesschedules
•• Dealing with cover cropDealing with cover crop

residue in the spring (wetresidue in the spring (wet
soils)soils)

•• Negative impacts ofNegative impacts of
cover crop use (pests)cover crop use (pests)



   Cereals   Cereals  Mustards Mustards

Legumes            OthersLegumes            Others



Cover Crop Planting SlotsCover Crop Planting Slots

•• Planting SlotsPlanting Slots

––Winter (Oct. – March)Winter (Oct. – March)
––SummerSummer
––Fall (Sept. to Oct.)Fall (Sept. to Oct.)



  Cover Crop RolesCover Crop Roles

•• Nutrient input and cyclingNutrient input and cycling
•• Pest management impactsPest management impacts
•• Soil quality impactsSoil quality impacts
•• Water quality impactsWater quality impacts



1. Nutrient Input and Cycling of Cover1. Nutrient Input and Cycling of Cover
CropsCrops

•• Cereals and mustards are good atCereals and mustards are good at
scavenging N from the soil. In the Salinasscavenging N from the soil. In the Salinas
Valley, there are often high levels ofValley, there are often high levels of
residual N in the soil left over fromresidual N in the soil left over from
intensive crop productionintensive crop production

•• Legumes have the ability to fix nitrogen.Legumes have the ability to fix nitrogen.
However, in high residual N soils, legumeHowever, in high residual N soils, legume
nodulation and N fixation are reducednodulation and N fixation are reduced



Nitrogen Content of Cover CropsNitrogen Content of Cover Crops
Six year AverageSix year Average

177.1177.1Cereal/Legume MixCereal/Legume Mix

145.7*145.7*LegumesLegumes

131.5131.5CerealsCereals

6 year6 year
meanmean

Cover CropCover Crop

* How much is net fixation is not known



203.7203.73.33.33.13.1Cereal RyeCereal Rye

199.7199.74.54.52.22.2Indian MustardIndian Mustard

194.8194.83.93.92.52.5White MustardWhite Mustard

lbs N/acrelbs N/acre
in Topsin Tops

% N% N
in Topsin Tops

BiomassBiomass
T/AT/ACover CropsCover Crops

Scavenging of N - Three Cover CropsScavenging of N - Three Cover Crops
Chualar, 2003Chualar, 2003



  Release of N from Cover CropsRelease of N from Cover Crops

•• When cover crops are incorporated intoWhen cover crops are incorporated into
the soil, microbes begin to decomposethe soil, microbes begin to decompose
the tissue and the complex forms ofthe tissue and the complex forms of
nitrogen that they contain (i.e. proteins)nitrogen that they contain (i.e. proteins)

•• Plant available forms of nitrogenPlant available forms of nitrogen
(ammonium and nitrate) are released to(ammonium and nitrate) are released to
the soil through this processthe soil through this process



  Release of N from Cover CropsRelease of N from Cover Crops
•• The N content of the cover crop at incorporationThe N content of the cover crop at incorporation

is an important consideration whether the coveris an important consideration whether the cover
crop will release N or whether it will be tied upcrop will release N or whether it will be tied up
in the microbial biomass (immobilized)in the microbial biomass (immobilized)

•• In general C:N ratios > 25 immobilize nitrogenIn general C:N ratios > 25 immobilize nitrogen
(i.e. cereals at heading)(i.e. cereals at heading)

•• Leaf tissue with higher N content  mineralizesLeaf tissue with higher N content  mineralizes
quickly, while the stem tissue may take longerquickly, while the stem tissue may take longer
to break downto break down



Cereal Residue                        Legume ResidueCereal Residue                        Legume Residue
High C:NHigh C:N           Lower C:N          Lower C:N



Nitrogen Content of the Cover Crop Tops,Nitrogen Content of the Cover Crop Tops,
C:N Ratio and Potential N MineralizationC:N Ratio and Potential N Mineralization

1:111:114.04.0
1:131:133.53.5
1:151:153.03.0
1:181:182.52.5
1:231:232.02.0
1:301:301.51.5
1:451:451.01.0
1:901:900.50.5

C:N RatioC:N RatioPercent N in CCPercent N in CC

ImmobilizeImmobilize
NitrogenNitrogen

May May 
Release NRelease N

Release N Release N 
ImmediatelyImmediately



Release of N from Cover CropsRelease of N from Cover Crops

•• The ideal scenario would be that theThe ideal scenario would be that the
release of N from cover crop residuerelease of N from cover crop residue
would match the N demand by crops (i.e.would match the N demand by crops (i.e.
fast enough to match crop demand, butfast enough to match crop demand, but
not so fast to leach)not so fast to leach)



  Cover Crops and NitrogenCover Crops and Nitrogen
NutritionNutrition

•• The synchronization of N release fromThe synchronization of N release from
cover crops with the demand by thecover crops with the demand by the
subsequent cash crop are important forsubsequent cash crop are important for
efficient use of cover crop Nefficient use of cover crop N

•• Release of N from cover crops dependsRelease of N from cover crops depends
upon the cover crop species, stage ofupon the cover crop species, stage of
growth and soil moisture/temperaturegrowth and soil moisture/temperature
conditions upon incorporationconditions upon incorporation
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Cover Crop Mineralization ComparisonCover Crop Mineralization Comparison
Salinas, 2004Salinas, 2004
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  How Much Cover Crop N is MadeHow Much Cover Crop N is Made
Available for Crop GrowthAvailable for Crop Growth

•• Cover crops canCover crops can
contain 100 – 200contain 100 – 200
lbs N but typicallylbs N but typically
less than half ofless than half of
this is madethis is made
available to theavailable to the
subsequent cropsubsequent crop

Lettuce                   Soil Organic NLettuce                   Soil Organic N
CropCrop

Jackson, 2000Jackson, 2000

Cover Crop in LettuceCover Crop in Lettuce
Four months after incorporationFour months after incorporation



  How Long is Cover Crop NHow Long is Cover Crop N
Available for Crop GrowthAvailable for Crop Growth

•• Following the initial burst ofFollowing the initial burst of
mineralization soil N levels return tomineralization soil N levels return to
background levels after 6 – 10 weeksbackground levels after 6 – 10 weeks

•• The longevity of the release of N is aThe longevity of the release of N is a
concern for crops that have a growth spanconcern for crops that have a growth span
of >6 weeks or soof >6 weeks or so

•• Cover crop N may be sufficient for shortCover crop N may be sufficient for short
term crops (i.e. spinach, radishes), butterm crops (i.e. spinach, radishes), but
longer season crops will needlonger season crops will need
supplemental N applicationssupplemental N applications



 Nitrogen Release from Cover Nitrogen Release from Cover
CropsCrops

•• The difficulty in matching the releaseThe difficulty in matching the release
characteristics of cover crops with thecharacteristics of cover crops with the
nitrogen demand of horticultural cropsnitrogen demand of horticultural crops
necessitates supplemental fertilization fornecessitates supplemental fertilization for
many cropsmany crops

•• The other difficulty is the nature of theThe other difficulty is the nature of the
crops: shallow rooted, high N demand andcrops: shallow rooted, high N demand and
quality concernsquality concerns



Nitrate N in Pepper Petioles Following Cover CropNitrate N in Pepper Petioles Following Cover Crop
with and without Supplemental Application ofwith and without Supplemental Application of

Feather MealFeather Meal
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Nitrate Nitrogen in Soil of Sweet CornNitrate Nitrogen in Soil of Sweet Corn
Following Cover Crop and Four RatesFollowing Cover Crop and Four Rates

of Feather Meal, Salinas, 2004of Feather Meal, Salinas, 2004
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Total Nitrogen in Corn TissueTotal Nitrogen in Corn Tissue
  Two Growth StagesTwo Growth Stages
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Yield of Sweet CornYield of Sweet Corn
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0

50

100

150

200

250

0 50 100 150 lbs N/A



Impacts of Cover Crop Impacts of Cover Crop 
Mixes on N MineralizationMixes on N Mineralization



Biomass and Composition of Oats,Biomass and Composition of Oats,
Vetch and MixVetch and Mix

Salinas, 2004Salinas, 2004

100.0100.00.00.01.831.83100% Vetch100% Vetch

1.61.693.493.44.504.5050% Oats/50% Vetch50% Oats/50% Vetch

0.00.0100.0100.05.015.01100% Oats100% Oats

VetchVetch
%%

CerealCereal
%%

BiomassBiomass
T/AT/A

Cover Crop MixCover Crop Mix



Nitrogen Release from Cover Crop MixNitrogen Release from Cover Crop Mix
Salinas, 2004Salinas, 2004
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Summary of Nitrogen Impacts ofSummary of Nitrogen Impacts of
Cover Crops on Crop ProductionCover Crops on Crop Production

•• Cover crops mineralize useful amounts ofCover crops mineralize useful amounts of
nitrogen that can be an important source fornitrogen that can be an important source for
subsequent cropssubsequent crops

•• For high yield and quality, supplementalFor high yield and quality, supplemental
applications of N are needed for long-seasonapplications of N are needed for long-season
cropscrops

•• Over a period of years, as the soil organicOver a period of years, as the soil organic
matter levels build up from the use of covermatter levels build up from the use of cover
crops and compost, the amounts ofcrops and compost, the amounts of
supplemental nitrogen fertilizer needed for highsupplemental nitrogen fertilizer needed for high
yields may declineyields may decline



  2. Pest Management Impacts of2. Pest Management Impacts of
Cover CropsCover Crops

––InsectsInsects
––DiseaseDisease
––WeedsWeeds



  Insect Pest ImpactsInsect Pest Impacts
•• The impacts of cover crops can be bothThe impacts of cover crops can be both

positive and negativepositive and negative
•• Cover crops provide habitat that can beCover crops provide habitat that can be

useful to beneficial insects, but that alsouseful to beneficial insects, but that also
can be useful to pestscan be useful to pests

•• Often times these are mute points if theOften times these are mute points if the
cover crop is grown out of synch with thecover crop is grown out of synch with the
crop cycle, but can be issues if they arecrop cycle, but can be issues if they are
being produced while crops are present orbeing produced while crops are present or
increase the pest populationincrease the pest population



Grain Aphid on Cereal                Diamond Back Moth on MustardGrain Aphid on Cereal                Diamond Back Moth on Mustard

Flea Beetle on Mustard



 Soilborne Disease Impacts Soilborne Disease Impacts

•• There is a fair amount of literatureThere is a fair amount of literature
regarding the impacts of cover crops onregarding the impacts of cover crops on
soilborne diseasessoilborne diseases

•• mustard cover crops are currently beingmustard cover crops are currently being
investigated in the Salinas Valley for theirinvestigated in the Salinas Valley for their
impact on impact on Sclerotinia minorSclerotinia minor
–– Krishna will discussKrishna will discuss



Sclerotinia on VetchSclerotinia on Vetch

A key concern of A key concern of 
cover crops is that cover crops is that 
they do not build they do not build 
up soilborne up soilborne 
diseases such diseases such 
as Sclerotinia as Sclerotinia 
which then can which then can 
attack the attack the 
cash cropcash crop



15.215.2--------FallowFallow
14.614.60.00.0BarleyBarley

24.424.489.589.5RomaineRomaine
LettuceLettuce

13.513.50.30.3Fava BeanFava Bean
30.130.133.433.4A.W. PeaA.W. Pea
21.921.918.118.1Purple VetchPurple Vetch
27.327.322.922.9Lana VetchLana Vetch

Disease ofDisease of
Subsequent CropSubsequent Crop

%%

Disease onDisease on
Cover CropCover Crop

%%

Cover CropCover Crop

Koike et al., 1996Koike et al., 1996



Weed ImpactsWeed Impacts

•• During the cover crop growth cycle theyDuring the cover crop growth cycle they
can allow weeds to grow and set seedcan allow weeds to grow and set seed
–– Eric will discussEric will discuss

•• Following the cover crop growth cycle,Following the cover crop growth cycle,
mustard cover crops have been shown inmustard cover crops have been shown in
the literature to reduce weed pressure tothe literature to reduce weed pressure to
some extent in subsequent cropssome extent in subsequent crops



2004 Mustard Cover Crop Trials2004 Mustard Cover Crop Trials



0.00.0
13.713.7

EmergenceEmergence
ofof

PurslanePurslane

96.196.1
97.797.7

%%
ViabilityViability
of Weedof Weed
Seeds -Seeds -
BagsBags

7.87.8
12.012.0

EmergenceEmergence
ofof

Sow ThistleSow Thistle

15.915.9
54.454.4

Total WeedTotal Weed
EmergenceEmergence

6.66.6Bare FallowBare Fallow
0.00.0Mustard CCMustard CC

EmergenceEmergence
ofof

Knot WeedKnot Weed

Cover CropCover Crop
TreatmentTreatment

On-Farm Weed Evaluations On-Farm Weed Evaluations 



104.8104.8
29.129.1

May 2004May 2004
WhiteWhite

MustardMustard
Broccoli*Broccoli*

86.886.8
71.371.3

April 2003April 2003
IndianIndian

MustardMustard
SpinachSpinach

50.050.0
29.229.2

Aug 2003Aug 2003
WhiteWhite

MustardMustard
Spinach*Spinach*

85.585.5
46.746.7

Average ofAverage of
four trials:four trials:

TotalTotal
Weeds/4ftWeeds/4ft22

100.3100.3Bare FallowBare Fallow
57.357.3Mustard CCMustard CC

Aug 2004Aug 2004
IndianIndian

MustardMustard
BroccoliBroccoli

Cover CropCover Crop
TreatmentTreatment

Research Station Weed EvaluationsResearch Station Weed Evaluations  

* Reductions in stand were observed* Reductions in stand were observed



 3. Soil Quality Impacts of Cover 3. Soil Quality Impacts of Cover
CropsCrops

•• Additions of organic amendments toAdditions of organic amendments to
agricultural soils is important becauseagricultural soils is important because
they are key to improving the quality ofthey are key to improving the quality of
soils for crop productionsoils for crop production

•• Cover crops are an economical method ofCover crops are an economical method of
adding organic matter to soils, butadding organic matter to soils, but
composts, manures and crop residues arecomposts, manures and crop residues are
also other sourcesalso other sources



 Soil Quality Impacts of Cover Crops Soil Quality Impacts of Cover Crops

•• Cover crops are important in providing aCover crops are important in providing a
rotation for cash cropsrotation for cash crops

•• This is particularly important in areasThis is particularly important in areas
such as the Salinas Valley where landsuch as the Salinas Valley where land
rents restrict effective crop rotationrents restrict effective crop rotation
practicespractices

•• Cover crops supply carbon to the soil thatCover crops supply carbon to the soil that
is lost from intensive tillageis lost from intensive tillage



Impact of Cover Crops on OrganicImpact of Cover Crops on Organic
Matter ContentMatter Content

Vineyard Floor Study, GreenfieldVineyard Floor Study, Greenfield
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Comparison ofComparison of
Organic vs Conventional SoilsOrganic vs Conventional Soils

Salinas, 2003Salinas, 2003

0.660.66
1.311.31
1.371.37
1.741.74
1.781.78
2.242.24

OrganicOrganic
MatterMatter

PercentPercent

0.060.06
0.120.12
0.110.11
0.140.14
0.140.14
0.170.17

Total SoilTotal Soil
NitrogenNitrogen
PercentPercent

ConventionalConventionalSandy LoamSandy Loam

OrganicOrganicSandy LoamSandy Loam

ConventionalConventionalLoamLoam

OrganicOrganicLoamLoam

ConventionalConventionalClay LoamClay Loam

OrganicOrganicClay LoamClay Loam

ManagementManagementSoil TypeSoil Type



367367
186186
222222
219219
190190

UncutUncut
heads perheads per

600600’’

42.242.2Bare FallowBare Fallow
49.049.0Indian MustardIndian Mustard
45.645.6White MustardWhite Mustard
46.946.9Broccoli CCBroccoli CC
46.946.9Merced RyeMerced Rye

Lettuce YieldLettuce Yield
Lbs/32Lbs/32
headsheads

  Cover CropCover Crop
TreatmentTreatment

Cover Crop Impact on Lettuce Yield Cover Crop Impact on Lettuce Yield 



 Soil Quality Impacts of Cover Crops Soil Quality Impacts of Cover Crops

•• These examples of increased soil organicThese examples of increased soil organic
matter with the use of cover crops andmatter with the use of cover crops and
high organic matter inputs havehigh organic matter inputs have
tremendous implications for soil qualitytremendous implications for soil quality
–– To be discussed by Willie and SusanneTo be discussed by Willie and Susanne



  4. Water Quality Impacts of Cover4. Water Quality Impacts of Cover
CropsCrops

•• Sediment and nutrient Sediment and nutrient TMDLsTMDLs are issues are issues
that growers need to addressthat growers need to address

•• Organic production can have theseOrganic production can have these
problemsproblems

•• Cover crops are one way to address theseCover crops are one way to address these
issuesissues



Phosphorus Status ofPhosphorus Status of
Salinas Valley SoilsSalinas Valley Soils

70 ppm70 ppmaverageaverage
88> 120> 120

161680 - 12080 - 120
272740 - 8040 - 80
99< 40< 40

Number of FieldsNumber of FieldsSoil Test Range (ppm P)Soil Test Range (ppm P)



Organic Production and Soil POrganic Production and Soil P
LevelsLevels

•• 6 organic farms sampled and the soil P6 organic farms sampled and the soil P
levels ranged from 33 – 196 ppm Olsen Plevels ranged from 33 – 196 ppm Olsen P

•• Organic farms can have high P andOrganic farms can have high P and
watching the amount of P that is addedwatching the amount of P that is added
with soil amendments will be increasinglywith soil amendments will be increasingly
importantimportant



Typical Compost AnalysisTypical Compost Analysis

Lbs/Ton of CompostLbs/Ton of Compost

2-32-31-21-20.3-0.50.3-0.510101-21-2

40-6040-6020-4020-406-106-1020-4020-40

CaCaKKPPC:NC:NNN



Loading of PhosphorousLoading of Phosphorous

•• Lettuce only removes 10 – 15 lbs P perLettuce only removes 10 – 15 lbs P per
cropcrop

•• Depending upon the amount of compostDepending upon the amount of compost
that is added, it could add furtherthat is added, it could add further
amounts of P to the soil and “load” theamounts of P to the soil and “load” the
soil with P that may have water qualitysoil with P that may have water quality
impactsimpacts
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Cover Crop Treatment
Bare Rye Triticale
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Possible Explanation Why Rye Had
Less Runoff than Triticale

Greenfield, 2003
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Rye Cover           Bare PlotRye Cover           Bare Plot
CroppedCropped
PlotPlot



Anion Resin Bags installedAnion Resin Bags installed
following cover crop incorporationfollowing cover crop incorporation

Impact of Fall-Grown Cover CropsImpact of Fall-Grown Cover Crops
 on Nitrate Leaching on Nitrate Leaching



Resin Bag placedResin Bag placed
90 cm deep90 cm deep



12.212.2Bare FallowBare Fallow

4.34.3Cereal RyeCereal Rye
2.22.2Indian MustardIndian Mustard
4.04.0White MustardWhite Mustard
12.412.4BroccoliBroccoli

mg N03-Nmg N03-N
in resin bagin resin bag

TreatmentTreatment

Cover Crop Impact on NitrateCover Crop Impact on Nitrate
LeachingLeaching



Cover Crop Systems to ImproveCover Crop Systems to Improve
Water QualityWater Quality

•• Traditional winter cover crop – has significantTraditional winter cover crop – has significant
limitations in the Salinas Valleylimitations in the Salinas Valley

•• Fall cover crops – has increased due to the useFall cover crops – has increased due to the use
of mustardsof mustards

•• OthersOthers
–– Conservation tillage – used in cottonConservation tillage – used in cotton
–– Minimum tillage – Louise Jackson’s systemMinimum tillage – Louise Jackson’s system
–– Low residue winter cover crops – an experimentalLow residue winter cover crops – an experimental

conceptconcept



Conservation TillageConservation Tillage

Cover Cropped        BareCover Cropped        Bare
residue on residue on 
soil surfacesoil surface Planting into Planting into 

ResidueResidue



MinimumMinimum
tillagetillage
incorporationincorporation
of cover of cover 
cropscrops



Low residueLow residue
cover crop-cover crop-
killed early killed early 
in the lifein the life
cycle and cycle and 
left to left to 
decomposedecompose
prior to springprior to spring
plantingplanting



Summary:Summary:
* Cover crops have many important * Cover crops have many important 
  roles in the Salinas Valley  roles in the Salinas Valley
* The challenge is to examine ways * The challenge is to examine ways 
  to increase their usage on high  to increase their usage on high
  rent ground  rent ground


