FALL MANURE AND
COVER CROPS:
WHO WINS?

WHO LOSES?

Matt Ruark, UW-Madison & UW-Extension
Jaimie West, UW-Madison Soils Dept
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Multi-site and multi-year research is underway

to evaluate cover crops as funded by the WI
Fertilizer Research Council.

Objectives:

m Evaluate growth of fall seeded cover crops and their ,
effect on soil nitrate
= post corn silage harvest and manure application
= ho-till

m Determine yield and optimal N rate for corn following
different cover crops.



Introducing the new Discovery Farms Farmer Network

Get your conservation questions answered and share The WaterWay Network g e
your experience online

Members Login

Welcome to The WaterWay Network, a peer-to-peer forum for Wisconsin and Minnesota farmers and Username:

Password protected discussion forum for farmers’ zgf‘gecf\?astt;g:ntstoshareinforma(ior\andcol\aborateontop‘\csre\a(edtowaterqua\i(var\dsoil
crop consultants, and hand-picked experts only

Password:

Remember Me
Lost Password

Login

Register for an account at www.waterwaynetwork.org 5
OR Contact EriCa Olson ea0|son4 @Wisc-edu With the WaterWay Network, farmers can interact with each other to contribute tips, share experiences

. and use information provided by others to continue managing their operations efficiently and Search Forums
fo r m O re I nfo sustainably. Discussion topics are prompted by experts, starting the conversation and giving users access
to valuable information from other farmers, experts, UW Discovery Farms and Discovery Farms ﬂ
Minnesota.

Farmers, crop consultants, and handpicked experts are allowed access to discussions once registered.
Register and check out the discussion forum to get involved in the conversation!

Network Happenings This Month: Ag Water Exchange
Featured Expert Dr. Matt Ruark University of Wisconsin Keep updated on water quality results and
Department of Soil Science findings with the Ag Water Exchange Blog,

Dr. Ruark will be on the Discussion Board providing insight and brought to you by Discovery Farms
answering questions on Cover Crops, Soil Health and more. Write your  Follow the fink below to chack it autl
questions to him on the discussion forum .

http://agwaterexchange.com/

The WaterWay Network

Real farmers, real solutions




Research was conducted at UW

Agricultural Research Stations

m Arlington,
South Central WI
= Plano silt loam
= Very deep, well drained

®m Marshfield,

North-central WI
= Withee silt loam

Marshfield % | : = Somewhat poorly drained

m Lancaster,

‘ ¢ Hancock SW “Driftless” WI
= Fayette silt loam

ic! Al‘lington = Well-drained

= 2-6% slopes; moderately
eroded

Lancaster 1,’}{



Evaluating cover crops following corn silage

harvest and fall manure application

Four treatments:
m No cover crop
mSpring Barley (71-140 Ib/ac)
® Winter rye (75-120 Ib/ac) - terminated in spring
® Triticale (69-173 Ib/ac)
= Harvested as a forage crop



Evaluate the effects of cover crops on

key parts of the production system

® Fall erosion control - how well does it grow and
cover?

®m Fall soil nitrate - how much less nitrate was
potentially leached?

m Presidedress nitrate test - did the cover crop take
away from this estimate of the manure N credit?

mYijeld - were the covers a benefit or cause a drag?

m Response to N - is more or less N required to
achieve optimal yields?



All fall manure is not alike.




COVER CROP GROWTH




Fall growth of cover crop ranges from

minimal to excessive.

- Fall'14 Fall'15 Date | Fall'16

2014 ton/ac 2015 ton/ac 2016 ton/ac

ARL Rye 9/18 0.30 9/23 0.40 9/15 0.92
Barley 0.39 0.37 1.06
Triticale 0.44 0.36 1.00

LAN Rye 9/29 0.15 9/23 0.62 9/27 0.44
Barley 0.14 0.98 0.51
Triticale 0.19 0.86 0.44
MAR Rye 9/21 0.37 9/15 0.86
Barley 0.25 1.16
Triticale 0.25 0.78




November 13, 2014
Lancaster ARS

1/8 ton DM biomass
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November 14

Arlington ARS
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November 16, 2016

Marshfield ARS
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FALL SOIL NITRATE




One-third of a ton of biomass can lead to a
decrease of 25 Ib-N/ac in the upper 2’ of

soil

Fall 2014 nitrate-N Fall 2015 nitrate-N
reduction reduction

ton/ac Ib-N/ac ton/ac Ib-N/ac
ARL Rye 1/3 19 1/3 24
Barley 23 18
Triticale 25 19
LAN Rye 1/8 6 3/4 25
Barley 8 13
Triticale 5 21
MAR Rye 1/4 1
Barley 2

Triticale 5



MANURE NITROGEN

CREDITS




Cover crops wipe out some of the
manure N credit based on PSNT

| AR | AN | MAR
-mmm

None
Barley 18 100 16 60 8 0,
Rye 11 10 5 0, 5 0,

Tritical 5 0 6 0 5 0,
e



YIELDS




Yield drag flowing covers, although with

spring barley can be reduced with more N

Corn Yield (bu/ac)

280
10 bu/ac
260
240 = i. 17 bu/ac
220
200 < * None
. * Winter Rye
180 (1.5 ton DM/ac)
Spring Barley
160 (0.75 ton DM/ac)
0 50 100 150 200 250 300

Nitrogen Rate (Ib-N/ac)

Arlington ARS



Flat responses at LAN, but still yield drag with
spring barley. Larger yield drag (+30 bu/ac)

with winter rye.

280 9 bu/ac

260 .—%

= 240 i 35 bu/ac
@ ([ ]
= 220
=
= 200
->°—_’ 180
g 160 e None
© 140 * Winter Rye
(1.25 ton DM/ac)
120 e Spring Barley
100 (0.5 ton DM/ac)
0 50 100 150 200 250 300

Nitrogen Rate (Ib-N/ac)



Same trend at MAR with small yield drag

with barley, larger drag with rye.

270

5 bu/ac

250 ?
A A
/ 15 bu/ac
230 / ] ]

Corn Yield (bu/ac)
N
[N
o

190

* None

170 * Winter rye
(~1 ton DM/ac)

Spring Barley
(~1 ton DM/ac)

0 50 100 150 200 250 300
Nitrogen Rate (Ib-N/ac)

150



No yield drag, but different optimum N

rate for winter rye (Lancaster 2015)

250
R2=0.973
200
S R2=0.99403
© 150
=)
2 &
O
o 100
p
€ No cover
50
B Winter rye
0 T T T T T ]
0 50 100 150 200 250 300

Nitrogen rate (Ib-N/ac)



No statistical difference in yields among no

cover and winter-killed covers (ARL ‘15)

ay
=

R2 = 0.85068

=
o1
o

Yield (bu/ac)
=
(o))
o

R2 =0.90769

140 % No cover
130

120 | | | |
0 50 100 150 200 250 300
Nitrogen rate (Ib-N/ac)

B Spring Barley
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Corn grain yield (Mg ha™)
(0.0

O 1 ] 1 1 1 J
0 45 90 135 180 225

Pantoja et al. (2015) sssa)  Fertilizer N rate (kg N ha™)

Two years, four locations = 8 site-years in lowa
C-S rotation, always the first year effect of cover cropping
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Corn

Average Yield Difference of the 50 trials displayed: 0.0 bu/acre.

90% Confidence Interval for the Average Yield Difference: from =1.0 to 1.0 bu/acre.

Soybean

Average Yield Difference of the 12 trials displayed: 0.2 bu/acre.

90% Confidence Interval for the Average Yield Difference: from =0.6 to 1.0 bu/acre.



Cornyields, 2009-2014

3/28 sites
years Cover crop resulted in:

® Yield improvement
“ No change

25/28 site-years
/ y M Yield reduction

Soybean yields, 2009-2013

4/18 site-years
®Yield improvement
“ Nochange

HYield reduction

14/18 site-years

Figure 2. Trends with
respect to cover crop
effect on corn yields
at 28 site-years from
2009 to 2014.

Figure 3. Trends with
respect to cover crop
effect on soybean
yields at 18 site-years
from 2009 to 2013.



WHO WINS, WHO LOSES?

WINNERS

mSoil
= Reduction in erosion

® Groundwater quality

= Reduction in nitrate
leaching in fall

LOSERS

B Manure

= Reduction in manure N
credit (based on PSNT)

®Yield

= Consistent reductions have
been noted



The WaterWay Network
Real farmers, real solutions

QUESTIONS?

COMMENTS?
CONCERNS?




Lancaster

Winter Rye
Annual Ryegrass
Spring Barley

Triticale

Winter
DM
biomass

Ib/ac
300
na
270
380

Winter
N
Uptake

Ib/ac
14
na
14
16

Winter Spring

C:N DM
Ratio Biomass
Ib/ac
10 1,580
na
8
10 4,540

Terminated on April 29th

Ib/ac
36 17
47 41

Harvested on June 2nd



Slight reduction of soil nitrate at both 0-1 &

1-2’ depths across all covers
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Addition of manure resulted in no N

credit, but increased yields.

R2=0.973

= 0.98964

Yield (bu/ac)
=
W
o
©

=
=
o
L 4

€ No manure

70 & With manure

50

0 50 100 150 200 250 300



No yield drag with winter-killed covers,

but more N required?

230
210 A R2=0.97326
R2=0.973
R2 = 0.92423
< No cover
B Spring Barley -
70 A Annual Ryegrass
50 I I I | I 1
0 50 100 150 200 250 300

Nitrogen Rate (Ib-N/ac)



No yield drag, but different optimum N

rate for winter rye

250
R2=0.973

200
S
© 150
3
2
© =
$ 100 2 = 0.99855

© No cover

50
B Winter rye
0 & | | | | A Tritlicale |
0 50 100 150 200 250 300

Nitrogen rate (Ib-N/ac)



No yield drag, but different optimum N

rate for winter rye

250

200

Yield (bu/ac)
|_\
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o

[N
o
o

50

R2=0.973
R2 = 0.99403
&
€ No cover
B Winter rye
50 100 150 200 250 300

Nitrogen rate (Ib-N/ac)



ARLINGTON




Arlington field plan

mCorn silage harvest (9/8/14)
mLiquid dairy manure application (9/17/14):
" Injected at 10,000 gal/ac
"4.6% solids
=100 Ib-N credit
mLight cultivation prior to cover crop planting (9/18/14)
m Barley and Annual ryegrass winterkilled
® Winter rye burndown (4/30/15)
mCorn planted (5/8/15); 5 Ib-N in starter

® Remainder of N applied as broadcast urea with
Agrotain®

mTriticale harvest + late corn planting (5/22/15)



Triticale & Spring Barley had faster growth
and more biomass in the fall

DM

Winter
DM
biomass
Ib/ac
Winter Rye 580
Annual Ryegrass 550
Spring Barley 780
Triticale 880

Winter | Winter
N C:N
Uptake | Ratio
Ib/ac
25 9
20 10
42 8
41 9

Terminated on April 30th

Spring

Biomass
Ib/ac Ib/ac
2,460 83 12
6,350 129 20

Harvested on May 22nd



Cover crops reduce fall soil nitrate, some

even relative to no manure control.

November 14, 2014

N
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N
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Spring growth of winter rye further

reduced soil nitrate-N

120

April 28, 2015

Preplant nitrate test
100

0
o

Soil nitrate-N (Ib/ac)
o
o

IS
o
|

20 -

Control No CC Barley ARG W. Rye



Triticale depletes soil nitrate; Winter rye

maintains low soil nitrate into season

Soil nitrate-N concentration (ppm)

May 21%, 2015

PPNil'—fer’—'FFi!eieaIeLplets;—
Winter rye and No CC

sampled at this time for

No CC

comparison

W. Rye

Trit



Barley, Winter Rye, and Triticale eliminated

the N credit based on PSNT (0-1")

23.0 June 9%, .
2015 No extra N required
/ (based on PSNT)
20.0 100 Ib-N credit
/ (based on PSNT)
€ 150
o
&
=
7
¢ 100
5.0 -
0.0 -

Control No CC Barley ARG W. Rye Triticale



Manure N credit and a yield gain over plots

with no fall manure/No CC.

200
R2 = 0.85068
190 /fﬁ
180 .
R2=0.91715
170
& 160 o
E)
L 150
=)
D 140 ¢ No manure
S=
130
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120
110
100 . ! . ! . !
0 50 100 150 200 250 300

Nitrogen rate (Ib-N/ac)



No statistical difference in yields among no

cover and winter-killed covers.

ay
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B Spring Barley




Clear difference in optimum N rate with
Rye or Triticale, and some yield drag with
winter rye.

¢ No cover R2=0.85068
= Winter rye R* = 0.93656

Yield (bu/ac)
=
o
o

80 )
60 s Triticale R*=0-98983
A
40 Winter rye = 83 Ib-N/ac in above ground biomass
20
0 Triticale = 129 Ib-N/ac in above ground biomass
0] 50 100 150 200 250 300

Nitrogen rate (Ib-N/ac)



HANCOCK




Hancock field plan

mCorn silage harvest (9/23/14)
mLiquid dairy manure application (9/26/14):
=Surface applied, incorporation within 1-3 hours
=10,000 gal/ac, 4.5% solids
=99 Ib-N/ac credit
®mField finisher prior to planting cover crops (10/1/14).
m Barley and Annual ryegrass winterkilled
® Winter rye burndown (5/4/15)
mCorn planted (5/8/15), 20 Ib-N in starter

® Remainder of N applied as broadcast urea in 2-3
splits

mTriticale harvest + late corn planting (5/28/15)



Less growth at Hancock compared to Arlington,
with greater C:N ratios

Spring DM | Spring N Spring C:N
Biomass Uptake Ratio

Ib/ac Ib/ac

Winter Rye 920 16 24
Triticale / 2,000 \ 27 31

Terminated on May 1st

Harvested on May 28th



There’s never any nitrate in these soils,
so why do | keep on measuring it?

Preplant Triticale ~PSNT
preplant

11/11/14 5/1/15 5/28/15 6/17/15
Nitrate-N (ppm)

No manure 8.55 1.00 0.78
No cover 9.44 2.04 1.11 0.95
Spring Barley 8.29 2.36 1.37
ARG 8.61 1.45 0.77
Winter Rye 11.70 0.64 0.84 0.85

Triticale 11.61 1.96 1.67



Manure increased yields at lower N rates,
but did not affect optimum N rate (nor yield

at optimum N rate)
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No difference in yields or N response

with winter-killed covers
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190

R
o

a1
o

Yield (bu/ac)

B
W
o

=>=No cover

110 -
90 <B-Spring Barley
S ==Annual Ryegrass
50 I I | | 1
0 60 120 180 240 300

Nitrogen rate (Ib-N/ac)



Winter rye did not affect yield relative to

No CC; some yield drag with triticale.
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CONCLUSIONS

Fall-seeded cover crops that winterkilled (annual
ryegrass and barley) did not reduce yields compared to
no cover crop treatments.

Winter rye may have caused yield drag or an increase
in optimal N rate at some locations.

Harvesting triticale as silage always lowered the
subsequent corn grain yield.

Decreased soil nitrate (fall & spring) reduces leaching.
Increased soil coverage reduces erosion.



CONTACT

® Matt Ruark
mdruark@wisc.edu

® Jaimie West
jrwest@wisc.edu

DEPARTMENT OF
SOIL SCIENCE

University of Wisconsin-Madison




