Nj troge, Scave ngj
° ° ]
How to Maximize "8

Cover Crop Benefits and Credits
in Ag. Order 4.0 and Beyond

Eric B. Brennan, Ph.D
Organic and Climate-Smart Research Program
USDA-ARS, Salinas, CA
eric.brennan@usda.gov www.youtube.com/user/EricBrennanQOrganic



mailto:Eric.brennan@usda.gov
http://www.youtube.com/user/EricBrennanOrganic

Search for: Eric Brennan USDA

Dr. Eric B. Brennan, Organic & Climate-Smart Farming

VEGETABLE & STRAWBERRY £

2 YouTube_Videos

Climate-smart
farming

Cover crops
Soil health
Biological control
- Weed management

Novel tools
& Strategies

PRODUCTION RESEARCH

=
. ﬂ Thoughts on Sustainability, Science

Research Photos |}/

Communication, etc.

Publications

B . l Education & Background

Inventions & Novel Toolsaax

o Awards & Special Invitations

Novel Methods & Stratemesgﬁ(l

Professional Service
Cover crop N credits & Ag. Order 4.0 E)M




DA
o
YR

A
o

afh

i




16000
Legumel 02t
Mustard

Qats

44000 T

g
£
2 42000 -

g
o
€ 40000

5 b
8
= 8000
[
B 6000 a
:Q‘ AT;hle 4
s '€an (+stang, A
o 4000 Tetters raprgeqer - SViation) for p ;.
@ iy Nt signify o Pinputs, oy,
Puts, oy, cant differ, o Ubuts ang p,
:6 4 buts, pyg and ences COMpueg g, alance, p use efficj,
o 0 Systeny ey W individygy gt 0@ Tukey Hpy o o0V (PUE) ang p
= 200 Rotatj TOPS are aypitope D €5t perfy
o0 Inputs 2vailable i g, 51, ;’7
Fertj lizers e)
Comp,. 1
2 . ticevs, hmfmh‘)s :/:f :gctp S 1N Salinas Organic ¢,
Sted v, ic Cropp;
5 ed within sy Tem PINg Systems 30,
Sroccoli 144 g POl Vatiation anq oo 2011, Difere
AVer:}ge 5+g D al P exporteq Zbatance Pl Stistcat Tesults f;
0. i : e T
222 ;
Compost § 0.41 8" kgpha Sig® TTe— £
letuce + 006 28 kePhat o —_—
Broccoy 0 * 1 44 4 g, 7408 ¢ g :
Q toceolj g, 5+ 1949 044 4 0.0 27408 ¢ Sig" kg Vield kg
1600 Average 26 qg] 794 19 Begy g K p g
Sum- 519 Bl 47429 99 97 4 81 d
222 =0 61 1 1
R ” + 11 44 + 51 38 £ 33
140{ e Lettuce 34ig 043 1 005 172 05 4 7y 68527
- Broccolj 1, [ 517 45 1 007 J3s09 62 505 33
=) Average * wi, 03400 34 16 i o, 27
B Sum SES go ) 06ig 3541y 52225 2 2603
= 19 Mustg 2 284 05202 o, 34,5 D9s0s o7 3 55+ 1q € s
@ M et 00 34,9 1803 006 4 ¢
o Broccoj gy 12 194 516 \.07 917 f ;‘ ':f 4
£ " 584,
=) ;58 +2g8
w
b 35.05
924 14
57430
M
A
174
24
26

—— @ 1x, y =0.009x - 1.75 #=0.87
— — 0 3x, y = 0.009x - 1.22 #=0.77

© o

—— @1,y =0.011x - 3.93 *=0.82 **
——03x, y=0.009 - 1.90 #=0.80 *{*

Above ground dry matter (Mg ha™)

Mustard

3 December

 Feb./March

Above ground cover crop dry matter (Mg ha o |
@

_1 e8] - -
0 Rye Legume Rye . Total Mustard
components % of Total
----- Legume-Ry@---weee

Fig. 9. Shoot cover crop dry matter (DM) during three
harvests during 8 yr and averaged across two seeding rates
in the Salinas Organic Cropping Systems trial at Salinas,
CA; seeding rates in kg ha~' were 90 and 270 for rye, 140 and
420 for the legume-~rye mixture, and |1 and 33 for mustard.
December harvests were during Years | to 3, while other
harvests were all 8 yr. Bars are means * 95% confidence
intervals. Within a harvest period, means topped with
different letters are significantly different based on a Tukey~
Kramer family-wise error rate of p < 0.05. Comparisons
within a cover crop or b the | ye p

and the monocultures can be made using the “rule of eye”
method whereby intervals that overlap with a mean are not

Cumulative Above and Estimated Below Ground Carbon Inputs
over Eight Years from Cover Crops and Vegetables
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Source: Brennan E.B., V. Acosta-Martinez. 2017. Cover cropping frequency is the main driver of soil microbial changes during
six years of organic vegetable production. Soil Biology & Biochemistry 109:188-204.



Speed Kills - The science is clear !

Risk of pedestrian fatality

60 70

Impact speed (mph)

Source: https://nacto.org/docs/usdg/relationship_between_speed_risk_fatal_injury pedestrians_and_car_occupants_richards.pdf



But why do cars slow down?
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Think of Ag. Order 4.0
as a Speed Limit
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Nonlegume cover crops reduce nitrate leaching
The science is clear !



‘ Ittuce rotion .
Winter cover crops can decrease
soil nitrate, leaching potentia\

Louise E. Jackson Q@ Lisa J.Wyland 2 JiA. Klein Q@ Richard F.Smith 2 William E. Chaney
Steven T. Koike

The large amounts of soil nitrate fallow; net N mineralization reaches its tices can also increase some soil insect
that can accumulate in annual row annual maximum at this time. One ob- populations, although this cant be benefi-
crop produ ction during the winter ‘ective in trying 0 reduce nitrate teach- cial in the case of natural predators:

. ing therefore involves ways {0 recycle Cover ¢rops and crop rotations have also
tallow period can Ieacl? du_r i ng the excess residual soil N after the au- been shown (o SUPPIEsS some soilborne
winter storms and spring irriga- tumn harvest and to synchronize itsre-  diseases: For example, & study con-
tion. In Monterey County, 48% of jease with uptake by the subsequent Jucted in Salinas in 1986-88 found that
the wells in the upper unconﬁned vegetable crop in _early spring. corky root of lettuce can be partially
aquifer exceed the pubiic health ,1“ other cropping systems, nonlegu- suppressed by a winter cover crop 0
minous winter cover crops have been cereal 1ye.
drinking water standard of 10 ppm successfully employed t0 take up eXcess . . :
of nitrate-N. Nonleguminous cover waterand Titrate during the rainy fal- Field station trials
crops, planted during the winter Jow seasoti, as well as to contribute to A preliminary trial, conducted on
faliow and incorporated in early soil organic matter content after incorpo” field{stat'\on plots, eyaluated several
spring using reduced tillage ration. A large yolume of regearch has species for use as winter cover crops in
shown that increased organic matter rotation with annual row crops i the
equipment 10 maintain intact feads to increased ‘microbial activity in Salinas Valley. Desired characteristics
peds, have been found to reduce the soil, greater soil N arnover, greater included rapid growth and extensive
nitrate leaching without disrupting aggregate stability, decreased 50t} root development in the upper soil Pro-
cropplng schi ules. crusting, increased water infiltration file during winter, t© maximize nitrate
and ultimately enhanced fertility for and water uptake. In addition, it was
the subsequent cash crop- With the de- assumed that the cover crop should be
The most efficient use of fertilizer and velopment of techniques t© grow and easy to incorporate on the beds, using
soil-derived nitrogen N) occurs when incorporate cover crops directly on minimum tillage techniques, and should
availability coincides with plant de- semi-permanent beds, the constraints not harbor diseases threatening f0 the
mand. In cool-season vegetable Pro- of time and expense typically involved subsequent cash crop-
Jduction systems: most nitrate Jeaching i disking and reshaping beds will be Methods. A cover crop trial was €5
occurs: {1)in the fallow period during eliminated. tablished on field station research plots
winter rains when oxcess soil nitrate ac In other studies, cover cropping has in Salinas, California, on November 15,
camulates from residual fertilizer and been shown to affect crop disease and 1989. Gix species Were planted in a ran-
from N mineralization and nitrification insect pest management both positively domized complete block desigit oilseed
of crop residues and soil organic matter,  and negatively. Cover CTOp cultivation radish (Raphanis sations €V Renova),
and (2) during frequent irrigations in the ma promote some soil fungal patho- white senf mustard (Brassicd hirta cv.
final vegetable production growth gens. Previous research has found that Martigena). white mustard (Brassica
stages. Some cover crops can increase Sclerotinia alba), phacelia (Phacelia tanacetifolia Cv-
Test results in the Salinas Valley minor inoculum which, combined with Phaci), rye (Secale cereale cv- Merced) and
show that high soil nitrate levels remain reduced tillage techniques, might annual ryegrass (Lolium muitiﬂorum),
after vegetable harvest, and that concen-  threaten subsequent lettuce crops. Cover along with a bare fallow plot in each
trations often double during the winter crop residue and reduced tillage prac- block as 3 control. Soil samples to 60 cm
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Fig. 9. Shoot cover crop dry matter (DM) during three
harvests during 8 yr and averaged across two seeding rates
in the Salinas Organic Cropping Systems trial at Salinas,
CA; seeding rates in kg ha~' were 90 and 270 for rye, 140 and
420 for the legume-~rye mixture, and |1 and 33 for mustard.
December harvests were during Years | to 3, while other
harvests were all 8 yr. Bars are means * 95% confidence
intervals. Within a harvest period, means topped with
different letters are significantly different based on a Tukey~
Kramer family-wise error rate of p < 0.05. Comparisons
within a cover crop or b the | ye p

and the monocultures can be made using the “rule of eye”
method whereby intervals that overlap with a mean are not

Cumulative Above and Estimated Below Ground Carbon Inputs
over Eight Years from Cover Crops and Vegetables
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What percentage of the
land in the Central Coast of
California is cover cropped
during the winter?



Brennan E.B. 2017. C
) . ° ° an We grow or anic o °
sustainably without cover crops? g r conventional vegetables

HortTechnology 27:151-161.

Strate, Low Residue Cover Crops in Furrows'
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Remote Sensing of Winter Cover Crops in
the Central Coast Region of California

Jennifer Symonds

‘ 4/17/21
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S

\
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Remote sensing of winter cover crops in the central coast region of California
https://www.youtube.com/watch?v=qZ_GE9LPbfA
By Jennifer Symonds. Senior undergraduate honors research (Dr. Tim Bowles, UC Berkeley Agroecology Lab)



Central Coast Crop Cover

Accuracy
RF: 86.7%
CART: 74.7%
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Ag. Order 4.0
will increase cover
cropping !




Ag. Order 4.0 Regulation, & Cover Crop Nitrogen Scavenging Credits

Nitrogen (lbs per acre)

/J

A ‘game-changing’ regulation to protect & improve surface &
ground water quality by limiting nitrogen (N) discharge. It affects
540,000 acres of irrigated land in the Central Coast of California &
incentivizes cover cropping & more efficient use of N inputs.

Nitrogen Discharge Targets and Limits in Ag Order 4.0

500 -

2020 —O— Target

—&— Limit

40 - As the N discharge limits decrease,

cover crops will become critical to

300 - help farmers comply.

2027

200 -

100 -

2051

R I A A A A R
2025 2030 2035 2040 2045 2050

Year

Two Types of

\ Cover Crop Nitrogen Scavenging Credits (i.e., ‘Ry.,yenge )
Option 1. Option 2.
Standard Credit | Calculated Credit

(30 Ib N/acre)

v
J'
1

Requirements (97% of Shoot N uptake)

Non-legume cover crop

Grows for 90 days (October to April)

Oven-dry* Shoot Biomass (4500 Ib/acre)

Carbon : Nitrogen ratio (=20:1)

*Oven-dried at 149-150°F (98% dry matter)

Hmmm. Based on this
calenlation T'll be above the
discharae limit by 2027,

But wait... a 50 lb/a
cover crop N scavengng
credit will help me |
(=} o O

Example of N Discharge calculation
45D lbs N /acre (Applied as fertilizer, irrigation etc.)
“00 lbs N /acre (Removed in harvest) @

=350 lbs N /acre Nitrogen Discharge) @

Farmer
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What’s your
cover crop’s
blomass?

A Simple Method to Help Farmers Estimate
Cereal Cover Crop Shoot Biomass.

Cover crops get the A
nitrogen scavenging Order

credlt they deserve “ 4.0

Historical Win for Farmers, Cover Crops &
Ground Water Protection in California’s Central
Coast.

- How to geta
§ Nltrogen Scavenging
P ,f?%\\\ for Cover Cropplng

£ -\0/./

Cover crop nitrogen credits for farms in
California’s central coast, Ag Order 4.0.

Giving ‘N g
farmers ,,r £} <
nitrogen 8% & ©
credits
for

cover
crops

Advocating for Cover Crop Nitrogen
Credits -Ag Order 4.0 Adoption hearing,
Central Coast Water Board.



Google Sheet calculators

Cover Crop Nitrogen Scavenging Credit Calculator for Merced Rye

Table 1. Feekes growth stages, C:N ratios and % N used to calculate the Cover Crop Nitrogen Scavenging
Calculator for Merced Rye

Directions: This calculator was developed by Eric Brennan (USDA-ARS, Salinas, CA) to determine the
cover crop nitrogen scavenging credit based on cover crop shoot height and Feekes growth stage values
entered in the yellow boxes below. To use the calculator you'll need to first download a copy to your
Google drive. The calculator works for cover crops that are planted in rows (spaced 6 to 8 inches apart)
and broadcast assuming the cover crop plant density is at least 10 plants per square foot. As height and
Feekes values are changed you can see how this affects the cover crop's estimated biomass, Carbon to
Nitrogen ratio (C:N), percent nitrogen, shoot nitrogen uptake and the cover crop nitrogen credit. Based on
the Ag. Order 4.0 regulation, to recieve a credit a cover crop must (1) be grown for 90 days over the
winter period (October to April) (2) have at least 4500 Ibs per acre of oven-dry shoot biomass, and (3)
have a C:N of 20:1 or more. For example, for Merced rye to meet these requirements it must have a
minumum height of 30.5 inches and a minimum Feekes growth stage is 9; this combination will give a
nitrogen scavenging credit of 95 Ibs/acre). The calculator will determine nitrogen uptake even if the 3
requirement have not yet been met. (For more details, hover your mouse over cells below with a black
traingle in the upper right comer). This video (Cover crop nitrogen credits for farms in California’s central
coast, Ag Order 4.0, https://youtu.be/BTRKK7Zd1s0) provides more information on the different types of

cover crop nitrogen scavenging credits available to growers in the Ag. Order 4.0 regulation. f;?il\:?tf] Predicted Predicted %
Questions/comments: email eric.brennan@usda.gov Stage # |Growth stage description C:N N

Height in Inches (click triangle in the yellow box below to choose a shoot height between 20 to 75 inches) 6 1st node of stem visible at base of shoot 10:1 4.2
34 = 7 2nd node of stem visible 11:1 3.6
Feekes growth stage # (click triangle in the yellow box below to choose a growth stage based onTable 1 on right) 8 Last leaf (flag leaf) just visible, but still rolled up 14:1 3.1
10 ~ Boot. Head is inside flag leaf giving it a swollen appearance 9 Ligule of flag leaf just visible 20:1 2.2
Cover Crop Shoot Biomass (Ib/acre oven-dry shoots) 10 Boot. Head is inside flag leaf giving it a swollen appearance 271 1.6
5,192 10.1 |Heading begins, 1st awns of head are just visible 29:1 1.4
Cover crop Shoot C:N (20 = 20:1 or 20 carbon to 1 nitrogen, etc.) 10.2 1/4 of heading process complete 29:1 1.4
27:1 10.3 1/2 of heading process complete 31:1 1.4
Cover Crop Shoot Nitrogen Percentage 10.4 3/4 of heading process complete 321 1.3
1.6 10.5 |Head completely out of flag leaf sheath 33:1 1.3
Cover Crop Shoot Nitrogen uptake (Ibs/acre, usually not more than 200 ) 10.5.1 [Flowering begins; starts in the center of the head 33:1 1.3
81 10.5.2 Flowering complete to top of head 33:1 1.3
Cover Crop Nitrogen Scavenging Credit (Ibs/acre, usually not more than 200) 10.5.3 Flowering complete at base of head 33:1 1.3
79 10.5.4 (Kernel watery ripe; Flowering complete; 33:1 1.3
11.1  [Milk stage, Kernel milky ripe; Milk stage 41:1 1.1

44 n Chaft Adannrmnh Warmal maanhrsr rimas canfét lRidb AdAms cnanmcictar sy AD-A4 4 4




On-going Cover Crop Research at USDA-ARS
to help growers get N scavenging Credits

2021-22 Planting date trials (Richard Smith, UCCE and helpers for RCD)
-2022-23 Seeding rate trials with Merced rye and Pacheco triticale to save seed and suppress weeds. Cereal mixes

-N mineralization studies with diff C:N ratios (Collaboration with Daniel Geiseller, Richard Smith, Anna Gomes)

\ s
X \ N
= ch c TrTc le.

Pc eco Trfcl A,

..............

e v i \ 3

Ag Order 4.0 Trlal

USDA-ARS Organic Research Farm, Salinas CA
-Collecting data on: cover crop shoot biomass, N uptake,
Planted Nov. 30 C:N ratio, growth stages/development ..
-Will Impact cover cropping on 540,00 acres of
irrigated land in the Central Coast of California




4 Tips for growers to maximize cover crop
benefits in Ag. Order 4.0 and beyond.
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TIP 1. Get your seed early, plant early.
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TIP 2. Learn Feekes (Know Feekes, No Freaking out !)

STAGE
i
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Feekes Scale of Growth Stages in Cereals

Adapted from Large, 1954
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We can estimate C:N ratio of Rye from the Feekes Scale ©

Merced Rye
A USDA org. res. planting date trials, over-winter, 1 Nov.-29 Apr. n=106
© Conv. on-farm over-winter, 26 Jan.-7 Apr. n=17
80 - €® Conv. on-farm summer/fall, 3 Sep.-23 Nov. n=37
O Conv. private res. summer/fall, 1 & 14 Oct. n=2
60 - r’=0.63 A
9 e dvathost : 2 h
g . 2
<
O 40 -
O
O
—aA
20 ® 2
8+ 18§ ¢ ¢
0 I I 1 I I I 1 I 1 I
2 3 4 ) 6 7 8 9 10 11

Feekes Scale of Cereal Growth Stages Return to all Tips



TIP 3. Learn to estimate shoot biomass




| can estimate cover crop

Shoot Length (inches)
30 40

0 10 20 50 60 70
biomass from the shoot length of ) **°] 18000
just 10 plants !!! ~ 1 Data from vegetable farms &~ + [
2169971 research station trials s | 14000

- 12000
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- 6000

- 4000

Oven-dry Shoot Biomass (Ib acre")

- 2000

0

60 ’ 80 100 120 140 160 180
P Shoot Length (cm)

‘~__¢’

« A Farmer-friendly, field-based method to improve improve
hitrogen management & cover crop adoption.

 This affects more the 200,000 hectares of irrigated land on the
central coast of California.

» Rye (r2=0.87) & Triticale (r2=0.88).



3 YouTube

What’s your
cover crop's,
buomass?

A Simple Method to Help Farmers Estimate
Cereal Cover Crop Shoot Biomass.



S
)
)
:
)
£
"

L ——

[ == s
'
L
3

Same Shoot Length but Different Heights

S

7% shoﬁer
(less height)

G

<z P,

Three cereal plants (A, B, and C) that have the same
main shoot length, but have different heights from the
soil surface. This illustrates why plant height can be an
inaccurate way to estimate shoot biomass. Plant height
can decrease from one day to the next due to lodging
(falling over) but the shoot length may increase due to
stem enlongation. Only the main shoot or stem of each
plant is shown.




Main shoot

Tillers 7 l “““ o
(side shoots) 7/ """

Return to all Tips



TIP 4. Calibrate your drill

Save seed

Suppress weeds




Calibrate your drill to Save seed




Calibrate your drill to Suppress weeds
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| High seeding rate

55 Days after plantlng )
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Calibrate your drill to Suppress weeds

\ Do ’ - 5 S .
P : A

High cover crop seeding rate Low cover crop seeding rate
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