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Outline of Discussion

Cover crops in California’s Central Valley
annual cropping systems — falling behind

Long-term cover crop biomass evaluation

Trade-offs between cover crop productivity
and soil water depletion

Scaled-up innovation with cover crops in

California
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How might we begin to imagine more water-use-efficient
tillage, residue and irrigation management systems
becoming of value and adapted and becoming more widely
adopted in California?



Presenter
Presentation Notes
When we started back in 1998, our initial emphasis was on developing information and production systems that reduced tillage.��At that time, the majority of SJV annual cropping relied on rather heavy, intensive tillage practices that hadn’t changed much for fifty years.




Mother Nature...

- harvests the'maximum amount of sunlight
* leaks very few nutrients including CO,

* has diversity

* does not export nutrients

* makes maximum use of water-and nutrients by
having highly developed porosity and VAM webs

* does not do tillage
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Managing for soil health ...

 Minimizing soil disturbance

 Maximizing the diversity of plants in rotation /
cover crops

e Keeping living roots in the soil as much as possible,
and

 Keeping the soil covered with plants and plant

residues at all times ) oy 2 e
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Soil improving practices

b
.

Feed the soil (OM) (not take away everything. not mine the soil)
Reduced soil disturbance (physical, chemical. and biclogical)

Increase diversity (biodiversity)

Keep the soil covered
Minimize diversity-reducing inputs

Promote optimal soil structure

Reduce extremes in temperature
Build soil carbon

Use diverse cover crops

meads
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Rotate crops

—

Manage salinity

—
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Manage nitrogen

e
w

Precision irrigation
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Decrease soil-borne pests

15.  Reduce compaction

16.  Monitor soil conditions (lab analyses)
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Presenter
Presentation Notes
The ‘clean till’ traditional systems that were prevalent at that time contributed to the rather phenomenal productive capacity of the region and were relied upon to manage risk and create what were considered reliable conditions for crop production.
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Merging practices and technologies to achieve
advanced conservation agriculture systems

“No-till is a tool for what we’re trying to
achieve.”
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Soil evaporation study u
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Conservation / Standard Tillage Comparison
Study

(1999 — ongoing)

Standard Tillage

With cover crop
Without cover crop
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Descriptions of winter cover crop mixtures, planting and termination dates,
and seeding rates used annually in the long-term study
in Five Points, CA 2000 to 2014.

Total Growing Brassica Annual Clover  Legume/Radish
Planting Date Termination Date Days 3-way Mixture* Mixturet Mix¥ Mix§

1999-2000  Oct. 10, 1999 Apr. 6, 2000 148 &

2000-2001  Nov. 2, 2000 Mar. 14, 2001 133 &

2001-2002  Nov. 10, 2001 Mar. 15, 2002 126 2

2002-2003  Oct. 18,2002 Mar. 25, 2003 159 &

2003-2004  Nov. 2, 2003 Mar. 17, 2004 136 5

2004-2005  Oct. 16,2004 Mar. 18, 2005 154 &

2005-2006  Oct. 20, 2005 Mar. 21, 2006 152 &

2006-2007  Nov. 22, 2006 Mar. 21, 2007 120 &

2007-2008  Nov. 2, 2007 Mar. 22, 2008 140 &

2008-2009 Dec. 11, 2008 Mar. 17, 2009 96 g

2009-2010  Nov. 20, 2009 Mar. 20, 2010 121 &

2010-2011  Nov. 24, 2010 Mar. 19, 2011 119 s
2011-2012  Nov. 10, 2011 Apr. 4,2012 143 &
2012-2013  Oct. 30,2012 Mar. 8, 2013 130 & &

2013-2014  Nov. 18,2013 Mar. 24, 2014 127 * *

3-way Mixture* Juan triticale (Triticosecale Wittm.) (30% by weight), Merced ryegrain (Secale cereale L.) (30% by weight), and common vetch
(Vicia sativa) (40% by weight)

Brassica Mixturet Oriental mustard (Brassica juncea), Braco mustard (Brassica alba), and Daikon mustard (Raphanus sativus)

Annual Clover Mix¥ Crimsom clover (Trifolium incarnatum (30%), Hykon rose clover (Trifolium hirtum (5%), Sardi Persian clover (Trifolium

resupinutum (10%), Parriago Medic (Medicago truncatula) (10%), Cavalier Medic (Medicago polymorpha) (10%), Dalkerth Subclover (Trifolium

subterraneum) (10%), Seaton Park Clover (Trifolium subterraneum) (10%), Wooenellap Subclover (Trifolium subterraneum) (10%), Trikkala

Subclover (Trifolium subterraneum) (7.5%), Seaton Park Subclover (Trifolium subterraneum) (7.5%) (at a rate of 11.2 kg ha)

L /Radish Mix§ B (P L.) (67%), Faba bean (Vicia faba L.) (7%), Blue lupin (L UI}IN@E?F‘V o California
egume/Radis! ix§ Biomaster pea (Pisum sativum L. %), Faba bean (Vicia faba L. %), Blue lupin (Lupinus difusus), Tillage radish AT
(Raphanus sativus) (17%), Phacelia (Phacelia tanacetifolia) (3%) '&'j-("'hl‘b*ujm‘m "%“'Ja'g"]n]""]'l IResources
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Cover crop biomass in long-term study in
Five Points, CA

2000 - 2014
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CTRI Annual Research Meeting ® December 6, 2012 ¢ UC Davis

USDA NRCS Soil Quality Test Kit
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Acriculturne and Natural Resousices
Making a Difference for California

WCDAVIS
. _f_;éé @B@'MR@ ICJ% | [ A S —
— 7




Number of samples per determination

Soil quality # of samples per plot # of samples per field
determination

Water infiltration 2 64

Slaking 4 256
Aggregate stability 4 256

pH 4 256

EC 4 256

o
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Soil pH and EC

System pH EC (dS/m)
STNO 7.46 + 0.3 1.04 + 0.32
STCC 7.44 + 0.25 0.98 + 0.25
CTNO 7.38+0.18 1.0+04
oo 7.45 + 0.33 0.81 + 0.29
L
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*Stability Criteria for assignment to stability class (for ‘Standard
Class Characterization’)
Soil too unstable to sample (falls through sieve)
1 50% of structural integrity lost within 5 seconds of insertion in
water
50% of structural integrity lost 5 — 30 seconds after insertion
3 50% of structural integrity lost 30 — 300 seconds after insertion or
< 10% of soil remains on the sieve after 5 dipping cycles
10 — 25% of soil remaining on sieve after 5 dipping cycles
5 25 — 75% of soil remaining on sieve after 5 dipping cycles
6 75 — 100% of soil remaining on sieve after 5 dipping cycles
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System | Aggregate Slaking * Water Infiltration (time)
Stability (Slaking Class)
(%)
(Firstinch of | (Second inch of
water) water)
STNO | 28.3+14.2 3.18 + 0.56 2:02 + 0:44 10:14 + 2:23
STCC | 47.0+19.1 3.65 +0.38 0.35 + 0:15 4:54 + 2:08
CTNO | 40.4 +15.7 3.76 + 0.53 1.29 + 1:05 13:41 + 12:13
CTCC 69.9 + 9.5 5.28 + 0.52 0.06 + 0.03 0.53 +0.43
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Soil Carbon weights (t/ha)

;
Depth Standard Till Standard Til Conservation Tillage ~ Conservation Tillage = St s SO" Cégo n % 3 sl
cm No Cvr Crop Winter Cvr Crop No Cr Crop Winter Cw Crop % = Y :
() _ STNO 073 + 0027|'
0-15 10.74 (0.26) 13.68 (043 1451 (061) 15.95 (34 4 S'I,'CC 7

15:30 1159 (049 1369 (079 1169 o4 1289 (s X CTNO

- CTeC
- Total 22.33 ¢ 2137 B 26.20 B 28.84 A ==

,"_—; Values in parentheses are standard error of the means (n=8; north and south fiekd mean ges were nat si ly different 1 bined for analysis).
Lanersmpmom agnnﬁmm differences a'mng Ireatments using a one-way ANOVA analysis with Tukey HSD means ounpa'bon

No-till cotton production followmg tomate_g AL
Five Points, CA - 2000 - 2010 e )
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Five Points Conservation Tillage Plots

Next Generation Sequencing Data

Background and Objectives

lllumina sequencing allows the analysis of whole soil bacterial
communities by identifying bacteria to their respective species
(sometimes only genus) level based on their 16S rRNA gene sequences.

The primary aim of this study was to establish a baseline comparison of
the depth-dependent and treatment-dependent microbial population
composition differences of the four treatments (CCCT, CCST, NOCT and
NOST) at the Five Points conservation tillage test plots.

For this baseline analysis, we were interested in community composition
differences that are associated with the different treatments regardless of
their position within the test field. The field block scheme was not used to
differentite sample source plots (for technical reasons using the block
scheme would have also been both more difficult and considerably more
costly to implement).



Five Points Conservation Tillage Plots
Sequencing Data

Methods

e Soil source
— plots 1-16
— sampling date 11/22/13.
e Sampling intensity
— 0-5, 5-15, 15-30 cm.
— 6 samples per depth per plot.
— the 6 samples from each plot/depth were homogenized before further
analysis.
* Next generation sequencing
— DNA extracted in triplicate

— 12 subsamples per treatment and depth (4 plots, triplicate extractions)
amplified individualy, but with identical barcodes.

— 144 total barcoded PCR products purified, pooled and submitted to UCD
genome center for sequencing.

— Data analyzed using the QIIME data analysis pipeline.



Unassigned;Other;Other
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k_Bacteria;p_BRCL;c_PRR-11
k_Bacteria;p_Bacteroidetes;Other
k_Bacteria;p_Bacteroidetes;c_ At120ctB3
k_Bacteria;p_Bacteroidetes;c_ BME43
k_Bacteria;p_Bacteroidetes;c_Bacteroidia
k_Bacteria;p_Bacteroidetesic_Cytophagia
k_Bacteria;p_Bacteroidetes;c_Flavobacteriia
k_Bacteria;p_Bacteroidetes;c_ Sphingobacteri

- [Fimbriimonadia]

3
k_Bacteria;p_Chlamydiae;c_ Chlamydiia
k_Bacteria;p_Chlorobiic__
k_Bacteria;p_Chlorobi;c_BSV26
k_Bacteria;p_Chlorobi;c_ OPBS6
k_Bacteria;p_Chlorobi;c_SJA-28
k_Bacteria;p_Chloroflexi;Other
k_Bacteria;p_Chloroflexi:c_
k_Bacteria;p_Chloroflexi;c_ Anaerolineae
k_Bacteria;p_Chloroflexi;c_C0119

3
3
3
3
3

3
k_Bacteria;p_ Cyanobacteria;c_Nostocophycideae
k_Bacteria;p_Cyanobacteria;c_Oscillatoriophycideae
k_Bacteria;p_Cyanobacteria;c_Synechococcophycideae
k_Bacteria;p_Elusimicrobia;c_Elusimicrobia
k_Bacteria;p_Elusimicrobia;c_Endomicrobia

Community Taxonomic Composition

. NOST at all depths and NOCT 0-5 cm show much higher proportion of Firmicutes (mainly Bacillus and other Bacillaceae)
(28.1+5.5%) than all other soils (8.3£3.5%).

. Higher Fimicute numbers are offset primarily by lower Proteobacteria in the high Firmicute soils in comparison to other soils
(19.9+3.5% vs 27.4+3.9% respectively).

. Some information on Archaea is available, though the primers used may not provide a highly accurate representation of the
Archaeaal community.
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Figure 1. Taxonomic composition of CCCT, CCST, NOCT and NOST treatments at
three depths 0-5, 5-15, 15-30 cm. November 2013 sampling. Some of the most
important groups are shown next to their respective color bands to the right of

the graph. 38



Alpha Diversity

e Alpha diversity is the variation in species composition within each sample.
e CCCT 5-15 cm, CCST 15-30 cm show highest species diversity (Figure 2).
e NOST 0-5 cm, NOCT 5-15 cm show lowest species diversity (Figure 2).

Select a NMetric: | observed_species = Select a Category:- [ Description -]

observed species: Description hovy Categories:

T

Ratefton st obsenved speces

If the Iimes for some categories do not extend all the way to the right end of the x—axis, thhat means thhat at least one of the samples in that
category does mot have that many samples_

ires A~ [P~ ol _see= Eeoe_
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Figure 2. Rarefactio plot for CCCT, CCST, NOCT and NOST treatments at three depths 0-5, 5-15,
15-30 cm. November 2013 sampling.



Beta diversity is the

Beta Diversity

NOCT 5-15

variation in species
composition among
distinct samples (e.g.
treatment, depth).

Unweighted Pair Group
Method with Arithmetic
mean (UPGMA) is a -
hierarchical clustering
method using average
linkage used to interpret

CCCT 5-15

NOCT 15-30

CCST 15-30

CCCT 0-5

CCST 5-15

CCCT 15-30

beta diversity distance
matrices.

Clustering of NOST
treatments at all depths
with NOCT 0-5 cm (Figure
3) is consistent with

similarities observed n

CCST 0-5

NOST 15-30

NOST 5-15

NOST 0-5

taxonomic composition
analysis.

NOCT 0-5

0.02

Figure 3. UPGMA consensus tree for beta diversity of CCCT, CCST, NOCT and NOST

treatments at three depths 0-5, 5-15, 15-30 cm. November 2013 sampling.
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Conclusions (preliminary)

Some of the cover crop treatment soils show highest species richness, while some
of the no cover crop soils show least richness.

NOST treatments and NOCT at 0-5 cm show similar trends in community
composition and also cluster together in beta diversity analysis.

While we have not yet been able to assign soil functions to differences in firmicute
and proteobacteria percentages, the trend for higher percentage of proteobacteria
in conservation tilled plots has been observed in at least one other study (no-till
rice paddy fields; Aslam, Z, Yasir, M, Yoon, HS, Jeon, CO and Chung, YR (2013).
"Diversity of the bacterial community in the rice rhizosphere managed under
conventional and no-tillage practices.” Journal of Microbiology 51(6): 747-756)

The sequencing results are consistent with other data from Five Points and show
that:

— cover crops exert a strong influence on microbial community composition as well as soil
properties.

— the NOST treatment is distinct from the other three treatments.
There is more diversity in the cover crop soils.
This might have relevance in terms of resilience.









A big concern related to the use of . -
covercrops in the S)V is of course,
their water use.’
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Cover crop mixtures used in 2013 and 2014
water depletion studies in Five Points, CA

Mixture Composition Seeding rate

Bell bean (Vicia faba L.) (45%) .
Legume Dundale pea (Pisum sativum L,) (35%) 112 kg ha
Common vetch (Vicia sativa) (20%)

N Dundale pea (Pisum sativum L.) 40%) .
Legume/triticale Common vetch (Vicia sativa) )30%) 112 kg ha
Triticale (Triticosecale Wittm.) (30%)

' Oriental mustard (Brassica juncea) (45%) .
Brassica Martigena Mustard (Sinapsis alba) (40%) 24 kg ha
Daikon Radish (Raphanus sativus) (15%)
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Cover crop aboveground biomass for brassica,
legume and legume/triticale mixtures
in the water depletion study in the winter
of 2012 and 2013 winter in Five Points, CA
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Soil temperature at 10 cm depth under legume/triticale and fallow plots 2013 and 2014
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Total soil water in the 0 — 90 cm soil depth in fallow and brassica, legume,
and legume/triticale cover crop plots from November 2012 through
May 2014 in the water depletion study in the winter of

2012 and 2013 in Five Points, CA.
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Changes in total soil water in the 0 — 90 cm soil depth under fallow and brassica,
legume, and legume/triticale cover crops in the water depletion study
in the winter of 2012 and 2013 in Five Points, CA.
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Summary

25.6 t hat aboveground cover crop biomass
produced over the 1999 — 2014 period

Biomass varied from 39 to 9,346 kg ha-

Cover crops depleted 5.3 cm and 0.67 cm
more water than winter fallow in 2013 and
2014

Adoption of cover cropping is increasing
Solid December precipitation may. ,Iﬁeé'tkévf?.ii"i.m
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Soil health summary profiles of experienced practitioners

Primary crops

alfalfa, oats, triticale, ha|ry
vetch, red clover, peas

triticale, winter barley,
winter wheat, soybeans

David Brandt Gabe Browne Gail Fuller Leon Moses Lawrence Sanchez
Ohio North Dakota Kansas North Carolina New Mexico
Acres farmed 1100 5400 (crops+pasture) 2000 492 300
Years in soil 30 20 8 6 12
health system
Corn, wheat, soybeans Corn, wheat, sunflowers, Corn, grain sorghum, Corn, soybeans, hay Grass, alfalfa, corn, winter

wheat, oats

Primary cover

All mixes, some 8- and 14-way

Cocktail mixes with 20 to 25

All mixes,

some 8- and 14-

Ryegrass, hairy vetch,

Fescue, orchardgrass,

her benefits

Sustainable W@onseny

Virtually no soil erosion; nutrients stay
on the farm; less soil compaction;

dlion

Organic matte

gyears, much better
I~ bottom line

blend; most used: peas, radishes, different plant species way blend; most used: clover clovers
crops hairy vetch, crimson clover, peas, radishes, hairy vetch,
ryegrass crimson clover, ryegrass
Yields 7- to 10- bushel/Ac increase in corn, | 20% higher than county Increased Doubled Increased
8% increase in soybeans average
i $100-per-acre No synthetic fertilizer used Cut by 25% overall, up to Commercial nitrogen use Reduced; but often uses
CommerCIal annuaFl) e 60% in some instances cut by 100lbs/Ac manure in heavy does on
fertilizer use ; 9 newly rented land
nitrogen
R None None used for past 10yrs. None used for past 4yrs. Better control with reduced
Insecticide use past 1oy pastay USe None
s Very little Cut by 75% Dropped at least 1 . Reduced; johnsongrass 1* Raduceds - ..
Herbicide use ! e herbicide pass in every field | nearly eradicated —

eV SILY 0

UTgFEire and v}%“ggﬁjﬁwnﬁwm.

.h‘ihgn "

(Source: Lynn Betts, ‘Put the Soil First,” Dakota Farmer, January 2013, Farm Progress (pler'm‘issio‘r'i grér’i‘teH))"
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Presenter
Presentation Notes
These are actual farm-scale figures – not extrapolated numbers from a 1- or 2-acre plot on an experiment station somewhere.


California soil health summary profiles of experienced practitioners, 2015

Alan Sano and Jesse

Scott Park Sanchez Fritz Durst Danny Ramos Steve Fortner

Meridian, CA Firebaugh, CA Winters CA Santa Nella, C Firebaugh, CA
Acres farmed 1450 2500 800 5000 1200
Years in soil 27 11 30 4 10
health system
(No-till, strip-
till, residue
preservation,
cover crops)
Primary crops Tomato, corn, rice, wheat, Tomato/cotton Various dryland and Processing tomatoes, | Fresh market

sunflower, dry beans, vine
seed, veg seed m|IIet
herbs stevia

|rr|§ated no-till crops
including wheat,
edible dry beans
garbanzos,

corn

tomatoes

Primary cover
crops or soil
health
improving
practices used

Cover crop mixes- cereals,
vetch, peas, bell beans
depending on past, future

crops

Triticale (6 — 7 years)
Minimum tillage

No-tillage, high
residue production
approaches

Wheat, triticale and
diverse multi-species
cover crop mixtures,
strip-tillage tomato
transplanting

Barley, wheat cover
crops when water
available coupled
with strip-tillage
tomato transplanting
and seasonal
controlled traffic

Yields All organic- comparable to | Increased 35 -50% Maintained or Similar to prior Equal or comparable
or better than conventional | \ith about 4 inches increased yields with | conventional to prior conventional

less water each strip-tillage management yields
summer

Commercial only compost, microbials,

fertilizer use seaweed

Insecticide use

Herbicide use None

Other benefits

better water retention, no
run off, earlier planting,
earlier harvest, better
drought resistance, less

Soil is a lot more
mellow with less
compaction

Greatly improved soil
tilth, reduced
production costs

Overall improved soil
health, soil organic
matter, achieved
profitable

Noticeable
improvements in soil
tilth with reduced
water use



Presenter
Presentation Notes
These are actual farm-scale figures – not extrapolated numbers from a 1- or 2-acre plot on an experiment station somewhere.


First ever scaling up o

Commercialization of strip-till and cover crop practices
at Sun Pacific and Sano Farms, Firebaugh, CA
since 2004



Presenter
Presentation Notes
Soon thereafter, we began to see the further refinement and scaling up of these sorts of conservation agriculture systems for processing tomatoes, 
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Presenter
Presentation Notes
Using strip-tillage to establish transplanted fresh market tomatoes into winter cover crops, 
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Use the yellow areas to Cover Crop Mix Potential Ratings (scale of 1-10)
select your speciesand your C:N Ratio] Nitrogen Fix| Grazing Drought | Frost | Winter| Diversity [Salini

seeding rate peracre. Use 50 8.0 7.3
the drop down boxes to
select the species you want T Full %full |%by | %by# Effect seeds/lb Seeds per | Cost Cost/.
toinclude voe Rate _pfr_ rate | wt seed % eeos, acre perlb 08 N acr
TOTALS 50 |158% 1,168,400 $32.13
Legumes 48% | 31% 40% $17.85
Clover - Crimson| C5B Ay 5 | 4% ] &% 8% 1% | 107,200 | 214,400 | 5170 5340
Common Vetch| 5B 25| 4 | 1'% | 8% 3% 5% &,000 32,000 | 5085 5340
Chickling Vetch - "AC[ C5-B 47 [ 13% [ 12% 1% 7% 2,500 15,000 | 50.70 5470
Lentils - spring C5-B I7 5 3% | 10% (5] 23 15,000 75,000 | S0.60 5300
Winter Pea| 58 T 7 | 5% [ %% % L5 2,000 78,000 | 5055 SIES
Grasses 0% 38% [ 307 $6.00
Cereal Rye - Elbon| _C5G 75 20 | 27% | 40% | 3% 0% | 22,150 | 443,000 | 5030 $6.00
Brassicas 4% 14% 9% $5.58
Nitro Radish -8 7 1 15% el i3 i 25,000 75,000 [ 5250 5250
Broadleaf Mustard| CoB 105 553 T% T% % 100,000 50,000 | 5275 5113
Ethiopian Cabbage| C5-B 71 05 LED 1% % 4% 180,000 T0,000 | 33.90 $1.95
Other Broadleaves 8% 17% 12% $2.70
Flax-"Selpy"| 58 28] 5 7% | 4% 13% 9% | 80,000 | 160,000 | 5065 51
- »|  WS-B 28 7% 4% 3% 4% 18,000 36,000 | 50.70 il - . "
Buckwiical=SMancan 2 Use the yellow areas to Cover Crop Mix Potential Ratings (scale of 1-10)
selectyour speciesand your C:N Ratio| Nitrogen Fix| Grazing | Drought | Frost | Winter| Diversitv [Salini
ding rate per acre. Use 62 5.5 0.1
bilant, Mixing and Bagging Cost/| $4.00) Seed Cost/acre: $32.13 Total Cost per Acre:| $36 thedropdownboxesto
select the species you want T Full %full [%by| %by# Effect Seeds/lb Seeds per | Cost Cost/
Name: Jeff Mitchell Phone: E-mail Lo VP | Rate | ™7 | rate | wi seed % |75 acre perlp | “°%/7
TOTALS 65 |157% 1,050,500 $32.98
Address: | City, State, Zip: Legumes 29% 13% 21% §12.65
Mix: Rye Based Mix | Acres to plant: 50.00 Common Velch| €SB e = 5 5000 37000 | 085 CER)
Chickling Vetch - "AC| CS5-B 47 5 11% B 1% 4% 2,500 12,500 | 5070 5350
Lentils - spring 5B 17 5 0% | B% TR % 15,000 | 75,000 | S0.60 53.00
Winter Pea| C°B a7 5 1T% R % L5 2,000 | 20,000 | 5055 5275
Grasses 62% 61% 61% $14.00
Triticale - Cert 441 55 751 40 54% | 62% 61% 61% 16,000 40,000 | 50.35 $14.00
Brassicas 2% 7% 5% $3.63
Nitro Radish| CoB 7 1 13% i) % % 75,000 | 25,000 | 5250 S250
Broadleaf Mustard| CoB 105 B% T% % 3% 100,000 50,000 | 5225 5113
Other Broadleaves 6% 19% 12% 52,70
Flax-"Selby"| 5B B[ 3 7% | 3% 5% T% | B0,000| 160,000 | S0.65 5130
Buckwheat - "Mancan”| W5B FER ) TE | 3% B 3% | 18,000 36,000 | 50.70 51,40
pilant, Mixing and Bagging Cost/| $5.16 Seed Costfacre: $32.08 Total Cost per Acre:| $38.14
Name: Jeff Mitchell Phone: E-mail
Address: I City, State, Zip:
Tiriticale Based Mix Acres to plant: 50.00
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Cover crop seeding
October 23, 2014
Los Banos, CA
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“Diverse,” multi-species cover crop
Los Banos, CA
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