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Research questions

 What is the yield potential of perennial rye as compared to modern annual
rye in Denmark?

* |s weed suppression compromised in the perennial rye crop compared to
annual rye?

* Can the perennial rye fall regrowth offer additional environmental or
agronomic value?
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General management

Inversion tillage used for plot preparation

160 kg N ha-1*
e Split application, 70 kg N ha-1 in March, 90 kg N ha-1 in late April

Planting target of 300 plants m-2

Used growth regulators

Had treatments both with and without the use of herbicides

*This is likely not necessary for the perennial rye



AARHUS
/ N UNIVERSITY

2024 I 2025 I 2026 I 2027 | DEPARTMENT OF AGROECOLOGY

‘ ' iHarvest

ESowing f t ‘ "‘ '@
! Ww‘ [

)

?“’L\ L\L’L\‘i ' ,, A mAqA\ !

iSowing

iSowing

TS AYATA

AR 1

FoU-dagarna Virginia (Gina) Nichols

11-12 November 2026 Tenure-track assistant professor




AARHUS
/ N UNIVERSITY

2024 I 2025 I 2026 I 2027 I DEPARTMENT OF AGROECOLOGY

iSowing

AR
| Buey e \‘\‘ ";“ | Y Ll | | f

\ I
A

bk s Atk LAkt
ﬂ\.‘ NN AL e
p——

FoU-dagarna Virginia (Gina) Nichols

11-12 November 2026 Tenure-track assistant professor




‘ The experiment




‘ The experiment







AARHUS
/ N UNIVERSITY

DEPARTMENT OF AGROECOLOGY

Grain yields
Weeds ‘

.

A * ;" |
L\i\ ” v 7 WAA\!’A"/X('/A@, A\Q'IA\'V)\" A('Av/

Fall biomass

e |ug‘|| ALY
A AN 40 gl R

»Q gm

M\'A"‘ AN \e‘ '/A\\S "« ‘\’

"

Nitrate leaching

FoU-dagarna Virginia (Gina) Nichols

11-12 November 2026 Tenure-track assistant professor



AARHUS
/ N UNIVERSITY

DEPARTMENT OF AGROECOLOGY

Grain yields
Weeds

; A 5

E / /\\ ( \ LA LN i 1

3 AN sRSTAR Ao AAAA Fall biomass
2 CANDIDRA A AT X . - K

' PPN [ A >\ [ /AV //\f 7 / // A //‘ (i | //\ \ /y\ { {\ \\

: , N ( [ TN 3 X \ A\ TR 2 : ™

S NIy o N N TN T s

Nitrate leaching

FoU-dagarna Virginia (Gina) Nichols

11-12 November 2026 Tenure-track assistant professor




AARHUS
/ N UNIVERSITY

‘ '.
I e I d S DEPARTMENT OF AGROECOLOGY

FoU-dagarna Virginia (Gina) Nichols

11-12 November 2026 Tenure-track assistant professor




Yields

First A
grain yield
(Mg ha™) +

2-

FoU-dagarna Virginia (Gina) Nichols

11-12 November 2026 Tenure-track assistant professor




Yields

First A
grain yield
(Mg ha™) +

2-

FoU-dagarna Virginia (Gina) Nichols

11-12 November 2026 Tenure-track assistant professor



Yields

First A
grain yield

' FoU-dagarna Virginia (Gina) Nichols

} | /
11-12 November 2026 Tenure-track assistant professor



oy enennial Annuall =

AT T
WA ; by Iy K

) ‘I'.;.'" {, "! '\\\‘ 'l




Yields

161

Grain +
straw yield

(Mg ha™")

' FoU-dagarna Virginia (Gina) Nichols

} | /
11-12 November 2026 Tenure-track assistant professor



AARHUS
/ N UNIVERSITY

DEPARTMENT OF AGROECOLOGY

Grain yields
Weeds Perennial rye yields ~ 4 Mg/ha

.
]
]
]
]
. \ ]
' (A '
' / / \ / '
. { \ \ \ \ \ : I/ b .
: WAV A RARSTA Bl oy)ls : Fa 1omass
(] | / |, /
. /) /\ /\ /\v}‘r ] % ! f :
(] pu \>\ >\ : /\ W7 i g / Ve / Y ' L N ~ K
= /\ ’ ( p 7 Y / ] 2 >x
v om A AN NUNATQAN Wiy VYDA A ' I\ f\ ATATIA
' ( \ | [ 1] AN } 1\ \ \ b
! e e e, -
FXH:‘m?\fn’fn\n‘HL’JII‘\‘J” NN NN |
. .

Nitrate leaching

FoU-dagarna Virginia (Gina) Nichols

11-12 November 2026 Tenure-track assistant professor




AARHUS
/ N UNIVERSITY

DEPARTMENT OF AGROECOLOGY

Grain yields
Weeds Perennial rye yields ~ 4 Mg/ha

.
]
]
]
]
. \ ]
' (A '
' / / \ / '
. { \ \ \ \ \ : I/ b .
: WAV A RARSTA Bl oy)ls : Fa 1omass
(] | / |, /
. /) /\ /\ /\v}‘r ] % ! f :
(] pu \>\ >\ : /\ W7 i g / Ve / Y ' L N ~ K
= /\ ’ ( p 7 Y / ] 2 >x
v om A AN NUNATQAN Wiy VYDA A ' I\ f\ ATATIA
' ( \ | [ 1] AN } 1\ \ \ b
! e e e, -
FXH:‘m?\fn’fn\n‘HL’JII‘\‘J” NN NN |
. .

Nitrate leaching

FoU-dagarna Virginia (Gina) Nichols

11-12 November 2026 Tenure-track assistant professor




AARHUS
/ N UNIVERSITY

Weeds - L —

FoU-dagarna Virginia (Gina) Nichols

11-12 November 2026 Tenure-track assistant professor




AARHUS
/ N UNIVERSITY

Weeds — WITH herbicides ton

FoU-dagarna Virginia (Gina) Nichols

11-12 November 2026 Tenure-track assistant professor




Weeds — WITH herbicides

Crop flowering

100 A

Weed 1 .,
biomass «{ [
(kg ha-1) = é i

20 '

0-1

Annual Perennial

AARHUS
/ \ ¥ 4 UNIVERSITY
GROECOLOGY



Weeds — WITH herbicides

Crop flowering Crop harvest
100 4
p= 0.03
Weed o .
biomass  «{ | ' ;
(kg ha-1) é i X
i @
20 1
;é X
1 &

Annual Perennial Annual Perennial

AARHUS
/ \ ¥ 4 UNIVERSITY
GROECOLOGY



Weeds — WITH herbicides

Crop flowering Crop harvest
100 4
p= 0.03
Weed 1
biomass e

IS

(kg ha-1)

p= 0.1
X
X
04
X
20 -
%

0 A

4

Annual Perennial Annual Perennial

AARHUS
/ \ ¥ 4 UNIVERSITY
GROECOLOGY



AARHUS
/ N UNIVERSITY

Weeds - WITHOUT herbicides e eson

FoU-dagarna Virginia (Gina) Nichols

11-12 November 2026 Tenure-track assistant professor




Weeds - WITHOUT herbicides

Crop flowering

X

1000 1

Weed 800 - p= 0.31
biomass

(kg ha-1)

H

00 1

X OOk
g X

200 -

04

Annual Perennial

AARHUS
/ \ ¥ 4 UNIVERSITY
GROECOLOGY



Weeds - WITHOUT herbicides

Crop flowering Crop harvest
1000 A
Weed 800 - p= 0.31

X p= 0.04
biomass

(kg ha-1)

H

00 1

X OOk
g X

X

;

Annual Perennial Annual Perennial

200 -

04

{1 X X >z

AARHUS
/ \ ¥ 4 UNIVERSITY
GROECOLOGY



Weeds - WITHOUT herbicides -

Crop flowering Crop harvest

1000 A

Wee d 800 - p= 0.31
. %
biomass ¢°1 o R I
’

X

= 0.04

j

H

00 1

(kg ha-1)

200 -

.

Annual Perennial Annual Perennial

0 1

o
X
X
X
X




AARHUS
/ N UNIVERSITY

DEPARTMENT OF AGROECOLOGY

Grain yields
Weeds Perennial rye yields ~ 4 Mg/ha

.
]
]
]
]
. \ ]
' (A '
' / / \ / '
. { \ \ \ \ \ : I/ b .
: WAV A RARSTA Bl oy)ls : Fa 1omass
(] | / |, /
. /) /\ /\ /\v}‘r ] % ! f :
(] pu \>\ >\ : /\ W7 i g / Ve / Y ' L N ~ K
= /\ ’ ( p 7 Y / ] 2 >x
v om A AN NUNATQAN Wiy VYDA A ' I\ f\ ATATIA
' ( \ | [ 1] AN } 1\ \ \ b
! e e e, -
FXH:‘m?\fn’fn\n‘HL’JII‘\‘J” NN NN |
. .

Nitrate leaching

FoU-dagarna Virginia (Gina) Nichols

11-12 November 2026 Tenure-track assistant professor




AARHUS
/ N UNIVERSITY

DEPARTMENT OF AGROECOLOGY

Grain yields
Weeds Perennial rye yields ~ 4 Mg/ha

Weed suppression is
not compromisedin . ; .

R / P / ' s J
/ ) / \ (/ ( : ‘f "’\ \ ("‘ { ( \ \‘
|

AN AV ALY Y

AN = S S
'

‘ S WY

Nitrate leaching

FoU-dagarna Virginia (Gina) Nichols

11-12 November 2026 Tenure-track assistant professor




AARHUS
/ N UNIVERSITY

DEPARTMENT OF AGROECOLOGY

Grain yields
Weeds Perennial rye yields ~ 4 Mg/ha

Weed suppression is
not compromisedin . ; I bi

R / P / ' s J
/ ) / \ (/ ( : ‘f "’\ \ ("‘ { ( \ \‘
|

AN AV ALY Y

AN = S S
'

‘ S WY

Nitrate leaching

FoU-dagarna Virginia (Gina) Nichols

11-12 November 2026 Tenure-track assistant professor




AARHUS
/ N UNIVERSITY

Fall biomass e

FoU-dagarna Virginia (Gina) Nichols

11-12 November 2026 Tenure-track assistant professor




Fall biomass

Fall biomass
(kg ha™")

/v

1.000 -

750+

468b

5001

250+

298b

FoU-dagarna

11-12 November 2026

No cover crop Fall cover crop

Virginia (Gina) Nichols

Tenure-track assistant professor

No cover crop Fall cover crop

AARHUS
UNIVERSITY
DEPARTMENT OF AGROECOLOGY



AARHUS
° / NP UNIVERSITY
Fa I I b I O m a S S DEPARTMENT OF AGROECOLOGY

1.000 -

750+

468b

Fall biomass
(kg ha—1) 500+

250+

No cover crop Fall cover crop No cover crop Fall cover crop

FoU-dagarna Virginia (Gina) Nichols

11-12 November 2026 Tenure-track assistant professor



DEPARTMENT OF AGROECOLOGY

S-
=
234
HE
x=
MN
o

57




UNIVERSITY
DEPARTMENT OF AGROECOLOGY

\ O?t@ b\er ‘ | /V AARHUS




—

)

ové

-
i .
e g
) iy B
"
N
®

~—a




AARHUS
° / NP UNIVERSITY
Fa I I b I O m a S S DEPARTMENT OF AGROECOLOGY

1.000 -

750+

468b

Fall biomass
(kg ha—1) 500+

250+

No cover crop Fall cover crop No cover crop Fall cover crop

FoU-dagarna Virginia (Gina) Nichols

11-12 November 2026 Tenure-track assistant professor



Fall biomass

Fall biomass
(kg ha™")

/v

1.000 -

750+

500+

250+

468b

858a

298b

No cover crop Fall cover crop

' FoU-dagarna

11-12 November 2026

Virginia (Gina) Nichols

| /
Tenure-track assistant professor

No cover crop Fall cover crop

AARHUS
UNIVERSITY
DEPARTMENT OF AGROECOLOGY



Fall biomass

Fall biomass
(kg ha™")

/v

1.000

750+

5001

250+

468b

858a

298b

479b

No cover crop Fall cover crop

/ Tl
i ¥ FoU-daga rna‘

14-12 November 2026

 Virginia (Gina) Nichols

g
! Tenu&e—track assistant professor

No cover crop Fall cover crop

AARHUS
UNIVERSITY
DEPARTMENT OF AGROECOLOGY



Fall biomass

Fall biomass
(kg ha™")

/v

1.000 -

750+

500+

250+

468b

858a

479b

No cover crop Fall cover crop

J _.-" FoU-dagarna ’

11—12 November 2026

Virginia (Girll1la) Nichols .fl :

" Tenut‘e—track assistant professor

No cover crop Fall cover crop

AARHUS
UNIVERSITY
DEPARTMENT OF AGROECOLOGY



X SN AN e e A -

Perenmal

S

 cover crop }




AARHUS
/ NP UNIVERSITY

F a I I b i omass X AGROECOLOGY

Annual Perennial
750-
Weeds
Fall biomass | Cover crop
(kg ha™') Rye volunteers
Rye regrowth
250
O-

No cover crop Fall cover crop No cover crop Fall cover crop

Emma Randahl-Beltran, Anders Nielsen, Cecilie Johnstad-Mgller 6



Fall biomass

7501

Fall biomass
(kg ha™")

2501

'

Emma Randahl-Beltran, Anders Nielsen, Cecilie Johnstad-Mgller

Annual Pere

nnial

5001

Annual volunteers >

perennial regrowth

No cover crop Fall cover crop No cover crop Fall cover crop

/v

AARHUS
UNIVERSITY
““““““““““ OF AGROECOLOGY

Weeds
Cover crop
Rye volunteers

Rye regrowth



Fall biomass

7501

Fall biomass
(kg ha™")

2501

o

Emma Randahl-Beltran, Anders Nielsen, Cecilie Johnstad-Mgller

Annual

Perennial

5001

Perennial regrowth

suppressed weeds...

No cover crop Fall cover crop No cover crop Fall cover crop

/v

AARHUS
UNIVERSITY
““““““““““ OF AGROECOLOGY

Weeds
Cover crop
Rye volunteers

Rye regrowth



AARHUS
/ NP UNIVERSITY

F a I I b i omass X AGROECOLOGY

Annual Perennial
...and maybe also the
7501
. cover crop.
Perennial -
d d Weeds
_ suppressed weeas... ]
Fall biomass °° . Cover crop
(kg ha™") . Rye volunteers
. Rye regrowth
250
o-

No cover crop Fall cover crop No cover crop Fall cover crop

Emma Randahl-Beltran, Anders Nielsen, Cecilie Johnstad-Mgller 6



AARHUS
/ N UNIVERSITY

DEPARTMENT OF AGROECOLOGY

Grain yields
Weeds Perennial rye yields ~ 4 Mg/ha

Weed suppression is
not compromisedin . ; I bi

R / P / ' s J
/ ) / \ (/ ( : ‘f "’\ \ ("‘ { ( \ \‘
|

AN AV ALY Y

AN = S S
'

‘ S WY

Nitrate leaching

FoU-dagarna Virginia (Gina) Nichols

11-12 November 2026 Tenure-track assistant professor




Grain yields
Weeds Perennial rye yields ~ 4 Mg/ha
Weed suppression is 5
not compromlsed in
perenmal rye ANg

AL “\' A \ /\J ALY DALY

Fall biomass

g f/ B R °
"/ [\ 'Regrowth is not as

Al = =~ — Ve

\\ v N, 71

good as a cover
crop

Nitrate leaching

FoU-dagarna Virginia (Gina) Nichols

11-12 November 2026 Tenure-track assistant professor




Grain yields
Weeds Perennial rye yields ~ 4 Mg/ha
Weed suppression is 5
not compromlsed in
perenmal rye ANg

AL “\' A \ /\J ALY DALY

Fall biomass

g f/ B R °
"/ [\ 'Regrowth is not as

Al = =~ — Ve

\\ v N, 71

good as a cover
crop

Nitrate leaching

FoU-dagarna Virginia (Gina) Nichols

11-12 November 2026 Tenure-track assistant professor




AARHUS
/ N UNIVERSITY

Nitrate leaching T

FoU-dagarna Virginia (Gina) Nichols

11-12 November 2026 Tenure-track assistant professor




AARHUS
/ N UNIVERSITY

Fall biomass rankings e

G Annual + @

= Annual

mam  Perennial

+ Perennial + CC

FoU-dagarna Virginia (Gina) Nichols

11-12 November 2026 Tenure-track assistant professor




AARHUS
/ N UNIVERSITY

Nitrate leachin T
_ Peremnial

104

G Annual + @

= Annual

Nitrate-N concentation
(mg N mL™")

mam  Perennial

+ Perennial + CC

0 50 100 150 0 50 100 150
Days after harvest

FoU-dagarna Virginia (Gina) Nichols

11-12 November 2026 Tenure-track assistant professor



Grain yields
Weeds Perennial rye yields ~ 4 Mg/ha
Weed suppression is 5
not compromlsed in
perenmal rye ANg

AL “\' A \ /\J ALY DALY

Fall biomass

g f/ B R °
"/ [\ 'Regrowth is not as

Al = =~ — Ve

\\ v N, 71

good as a cover
crop

Nitrate leaching

FoU-dagarna Virginia (Gina) Nichols

11-12 November 2026 Tenure-track assistant professor




AARHUS
/ N UNIVERSITY

DEPARTMENT OF AGROECOLOGY

Grain yields

Weeds Perennial rye yields ~ 4 Mg/ha

Weed suppression is

not compromised in _

perennial rye | Fall biomass

AL VERORATATAN, |\ \Regrowth is not as
good as a cover
crop
Nitrate leaching

Regrowth is not as good as a
Wl cover crop

11-12 November 2026




AARHUS
/ N UNIVERSITY

DEPARTMENT OF AGROECOLOGY

One season’s worth of
data...

' FoU-dagarna Virginia (Gina) Nichols

11-12 November 2026 Tenure-track assistant professor







AARHUS
/ NP UNIVERSITY

Research questions

 What is the yield potential of perennial rye as compared to modern annual
rye in Denmark?

* |s weed suppression compromised in the perennial rye crop compared to
annual rye?

* Can the perennial rye fall regrowth offer additional environmental or
agronomic value?
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Research questions

 What is the yield potential of perennial rye as compared to modern annual
rye in Denmark? Half the grain yields, 1.5x straw vyields

* |s weed suppression compromised in the perennial rye crop compared to
annual rye? Equal to or better weed suppression

* Can the perennial rye fall regrowth offer additional environmental or
agronomic value? There is no evidence for that.
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One perennial spring wheat line tested in
2026

Yielded around 1 Mg ha-1 in grain
Had very good regrowth
Harvested ~1 Mg ha-1 of forage in October

Just planted a perennial winter wheat
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My take-aways

* Perennial cereal rye may not be a good candidate for implementation in an
annual rotation as a self-cover cropping system.

* Perennial rye may offer more value when grown for two or more years

* Perennial wheat lines may be better ‘self-cover croppers’
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