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What is planting green?

The practice of planting a cash crop into a living cover crop to 
maximize ecosystem services provided by cover crops 

(Reed & Karsten, 2022).

Soybean Cereal rye

Waterhemp suppression



Introduction |
Meta-analysis by Nichols et al. (2020) on cover crops and weed suppression



Year 1: Corn Cereal rye Year 2: Soybean

Apr/May - OctOct/Nov – Apr/MayApr – Oct/Nov

Introduction |

Standard termination
1-2 weeks before soybean planting

Planting green
At soybean plantingCan the planting green system optimize cereal rye biomass 

accumulation (target 5 Mg ha-1) without postponing soybean 
planting time?

5 Mg ha-1 = 4,460 Lbs ac-1



PRE herbicides can improve pigweed control when 
associated with cover crops

Introduction |



Introduction |

Objective: Evaluate the impacts of planting 
soybean green and its interactions with 
PRE-emergence herbicides on waterhemp 
management and soybean yield. 

Hypothesis: Planting green can lead to higher 
cereal rye biomass accumulation and better 
waterhemp suppression without a negative
impact on soybean yield. 



IA: Iowa S U - Dr. Jha
IL: Southern Illinois U - Dr. Gage
IN: Purdue U - Drs. Young & Johnson
KS-C: Kansas S U (Central) - Dr. Kumar
KS-E: Kansas S U (East) - Dr. Lancaster
ND: North Dakota S U - Dr. Ikley
PA: Penn S U - Dr. Wallace
KY: U of Kentucky - Dr. Legleiter
WI: U of Wisconsin - Dr. Werle

Materials & Methods | 



Early LateEarly Late

Early PG Early PG

F1: Soybean planting time (strip plot)

F2: Cover crop management (strip plot)

No-till Fall planted cereal rye (CC)

Yes PRE

No PRE

F3: Use of PRE (split-plot)

• 2x3x2 Factorial
• Strip-plot (RCBD)
• 4 blocks
• 3x9.1 m plots

NT

Materials & Methods | 

PG: Planting green

NT



Site
Cereal rye planting date 
(Planted at 67 kg ha-1)

Soybean planting date Soybean variety
(76-cm row spacing)Early soybean Late soybean

ND September 16, 2020 May 19, 2021 June 1, 2021 Pioneer 06T56E

KS-C September 17, 20201 May 7, 2021 May 27, 2021 P30T99E

KS-E September 24, 2020 May 4, 2021 May 25, 2021 P39T61SE

WI September 25, 2020 May 7, 2021 May 18, 2021 S20-E3

KY October 1, 2020 April 24, 2021 May 25, 2021 P41T07E2

PA October 1, 2020 May 3, 2021 May 18, 2021 IS234E3

IL October 2, 2020 May 7, 2021 May 17, 2021 NKS39-E3

IN October 12, 2020 May 16, 2021 June 1, 2021 Stine 32EA12

IA November 6, 2020 May 14, 2021 May 21, 2021 NKS28-E3
1Only site to plant rye at 39 kg ha-1

2Only site with 38-cm row spacing

Materials & Methods | 

Avg of 16 days



• CO2 backpack sprayer
• 140 L ha-1 of spray solution
• AMS @ 1% v/v

Cereal rye termination
• glyphosate @ 1,262 g ae ha-1 

PRE - at planting
• flumioxazin @ 70.4 g ai ha-1

• pyroxasulfone @ 89.3 g ai ha-1

• glufosinate @ 655 g ai ha-1 

POST - 20% of waterhemp plants 10-cm height
• 2,4-D @ 1,064 g ae ha-1

• glufosinate @ 655 g ai ha-1

• clethodim @100 g ai ha-1

• acetochlor @ 1,260 g ai ha-1

Materials & Methods | 



Cereal rye biomass at termination (Mg ha-1)
Aboveground biomass sampled in three 0.1 m-2 quadrats from each plot

Biomass ~ Cereal rye termination * Soybean planting * PRE + (1|Location/Block)

Fixed effects Random effectsResponse variable

Materials & Methods | 

Linear Mixed-Effect Model

Estimated marginal means – LSD test (α: 0.05)



Waterhemp density at POST application (plants m-2)
Counted emerged plants in two 1 m-2 quadrats from each plot

Waterhemp density ~ Cover crop management * Soybean planting * PRE + (1|Location/Block)

Fixed effects Random effectsResponse variable
Square-root transformation

Back transformed means 
reported

Materials & Methods | 

Linear Mixed-Effect Model

Estimated marginal means – LSD test (α: 0.05)



Soybean yield (kg ha-1) 
Harvested the two center rows of each plot

Soybean yield ~ Cover crop management * Soybean planting * PRE * Location + (1|Block)

Fixed effects Random effectResponse variable

Materials & Methods | 

Linear Mixed-Effect Model

Estimated marginal means – LSD test (α: 0.05)



• R software version 4.2.1 (R Core Team 2022)

• Data wrangling and visualization (tidyverse package)

• Linear Mixed-Effect Models (lme4 package)

• Estimated marginal means (emmeans package)

• Compact letter display (multcomp package)

Materials & Methods | 



Results



Error bars indicate the standard error of means
Means followed by the same letter do not differ statistically among themselves by the LSD test (α: 0.05) 

Termination timings Soybean planting timings

Results| 
Cereal rye biomass (Mg ha-1) at termination

P <0.001 P <0.001

Delaying cereal rye termination or soybean planting time 
increased biomass accumulation by 35%



Results | 
Cereal rye is extremely responsive to heat accumulation in the spring



Results | 
Cereal rye biomass (Mg ha-1) at termination

Can the planting green system optimize cereal rye biomass 
accumulation (target 5 Mg ha-1) without postponing soybean 

planting time?
5 Mg ha-1 = 4,460 Lbs ac-1

Error bars indicate the standard error of means
Means followed by the same letter do not differ statistically among themselves by the LSD test (α: 0.05) 



CC: Cover crop management effect. PRE: PRE-emergence herbicide effect
Error bars indicate the standard error of means

Means followed by the same letter do not differ statistically among themselves by the LSD test (α: 0.05) 

Results | 

Waterhemp density (plants m-2) at POST application

CC:PRE - P 0.039

-45%



Results | 

Nichols et al. (2020)



Results | 

No difference across managements Planting green reduced yield

CC:S:L - P <0.001

CC: Cover crop management effect. S: Soybean planting time effect. L: Location effect
Error bars indicate the standard error of means



Is the cereal rye biomass having a negative effect on 
soybean yield?



Results | 
Impact of cereal rye biomass on soybean yield

Location

Location



30-year average (1990-2020) source: DAYMET

PennsylvaniaWisconsin

Precipitation (mm) during the growing season

Results | 

315 mm deficit



Results | 

Wisconsin Pennsylvania

Impact of cereal rye biomass on soybean population



Benefits Challenges



Planting green optimized cereal rye biomass accumulation 
and reduced waterhemp density

Conclusions |

The use of PRE-emergence herbicides also played an 
important role in waterhemp control

Soybean yield was not solely affected by cereal rye 
biomass accumulation



Future Directions |
The study was replicated in 2022 Data modeling

Moving forward...
Determine the critical time for cereal rye cover crop termination 

after soybean planting.
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Thank you! 
Jose Nunes

jjnunes@wisc.edu

Check my poster #89 for 
more cereal rye cover crop 

research!
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