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• What is the recommended rye plant density as a 
preplant cover crop for soybean based on fall planting 
dates (two: mid and late fall) and rates (three: 25, 50, 
and 75 lb/A) to achieve farmer goals?
➢ Ground cover and weed suppression 

➢ Soybean performance

2020 trial

Winter rye cover crop planting 
dates and rates preceding soybean

(Carrington; 2019-2023)



1Rye plant density measured and ground cover visually evaluated in May prior 
to planting soybean. 

Rye planting treatment Rye1

Date 

Rate Plant density Ground cover

lb/A plt/A plt/ft2 %

First:
Oct 2, 2018
Sept 26, 2019
Sept 17, 2020
Sept 22, 2021

25 172,370 4 21

50 364,780 8 21

75 598,270 14 27

Second:
Oct 31, 2018
Nov 1, 2019
Oct 8, 2020
Oct 8, 2021

25 137,790 3 9

50 372,950 9 17

75 569,390 13 18

Seeding date and rate impact on winter rye stand and 
ground cover, Carrington, 2019-22 (4-year average)



Foxtail suppression in soybean among winter rye planting 
dates and rates, Carrington, 2020-221 (3-year average)

1Rye (tillering to boot stages) terminated with glyphosate near soybean planting date
(‘green-planted’). 

Rye planting treatment Rye
Weed suppression 

(prior to POST 
herbicide app)

Date 

Rate Plant density      
(first-half May) Foxtail

lb/A plt/A plt/ft2 %

Sept 26, 2019
Sept 17, 2020
Sept 22, 2021

25 185,240 4 66

50 377,720 9 63

75 592,800 14 73

Nov 1, 2019
Oct 8, 2020
Oct 8, 2021

25 170,460 4 51

50 441,290 10 53

75 681,750 16 56



Rye planting treatment1 Soybean

Date 

Rate Plant density Seed yield

lb/A plt/A bu/A

First:
Oct 2, 2018
Sept 26, 2019
Sept 17, 2020
Sept 22, 2021

25 153,300 51.9

50 159,200 50.9

75 151,400 52.1

Last:
Oct 31, 2018
Nov 1, 2019
Oct 8, 2020
Oct 8, 2021

25 164,200 53.0

50 164,700 52.3

75 163,900 51.4

Winter rye cover crop planting date and rate impact 
on soybean, Carrington, 2019-22 (4-year average)

▪ Soybean plant development (emergence, flower and maturity) and 
canopy closure generally were similar among treatments

1Timing of rye termination with glyphosate: 1 week before to 2 days after 
soybean planting. 



Summary

▪ Winter rye cover crop planting dates and rates

(Preliminary) 

o Ground cover

▪ First date at 75 lb/A (>0.5 million plants/A or >12 plants/ft2)

o Weed suppression (73-83%) 

▪ First date with 75 lb/A for foxtail (>0.5 million plants/A); 50-75 lb/A for kochia 

(>0.75 million plants/A or >18 plants/ft2)

o Soybean plant development and seed yield

▪ Similar among treatments 



Summary of weed control with winter rye as 
preplant cover crop in soybean and pinto bean, 
Carrington REC, 2018-22

Weed

Control (%)1 Number of 
research trials

Average Range2

Foxtail 70 0-99 10

Horseweed 31 22-40 1

Kochia 47 0-89 2

Common 
lambsquarters

72 66-97 1

Redroot and 
prostrate pigweed

69 54-81 1

Wild buckwheat 79 64-94 1

1Visual evaluation at soybean or pinto bean planting to one month after planting. 
2Among all trial treatments with rye.





Tolerance of broadleaf crops to preplant (PP) 
low-rate dicamba for early season weed control

o Limited number of PP burndown herbicides available 
for conservation-till dry bean and sunflower that 
control early season broadleaf weeds at low cost. 

o Dicamba

▪ G-E: wild buckwheat, nightshade, ragweed, biennial 
wormwood and lambsquarters; F-E: horseweed; F-G: 
pigweed species (kochia?)

➢ waiting periods between dicamba application and planting 
plus annual rainfall restrictions generally restrict use, due to 
potential crop injury 



Objective and Description of Research Study, 2021-22

➢ Primary objective
▪ Build a ND crop response database that provides a reference for farmers 

and crop advisers considering use of this strategy. 

o Locations
▪ Carrington (irrigated site) and North Central (Minot) RECs, and Prosper

o Crops
▪ Soybean (non Xtend), pinto bean and sunflower. 

o Treatments
▪ untreated crop checks
▪ PP dicamba (Clarity or generic) applied at 4 fl oz product/A

▪ planting date <1 wk after dic app and no rain; 
▪ planting date >2 wk after dic app plus rainfall (irrigation) >1” 



Pinto bean injury (June 14, 2021; Carrington):      
Dic app May 13; ‘ND Palomino’ planted May 19 



SUMMARY: Tolerance of broadleaf crops to PP 
low-rate dicamba, ND, 2021-22

• Pinto bean generally moderate to high plant injury 
and stand reduction with first planting dates; low to 
moderate injury and minimal stand reduction with 
second planting dates. Seed yield maintained with 
second planting dates but loss likely with no rain and 
prompt planting after dicamba.

• Sunflower had no to moderate plant injury and 
stand reduction with first planting dates; no to low 
with second planting dates. Seed yield not impacted 
by dicamba.



Carrington REC Research Overview: 

Corn response to preplant 

incorporated, starter and post-

applied fertilizer 



(April 10, 2023)



SUMMARY: Corn grain yield response with starter
P fertilizer (10-34-0), Carrington REC





Corn P and Zinc Fertilizer Application Study, 
Carrington REC, 2017-22

• Fertilizer treatments (include in-furrow [IF] 10-34-0)

▪Preplant incorporated (PPI) 80 lb P + 20 lb S + 2 
lb Zn/acre
• triple super phosphate = 0-46-0 plus ammonium sulfate = 20-0-0-24 

plus zinc sulfate = 35.5% Zn + 17.5% S

• MESZ (Microessentials SZ) = 12-40-0 10S 1Zn

▪ IF and foliar Zn
• Ammend (CHS) = 8% N + 9% chelated EDTA zinc



Corn grain yield with IF 10-34-0 and 10-34-0 plus Zn, 
Carrington, 2016-18 and 2020-22 (6-year average)*
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Corn grain yield with PPI vs. IF P and Zn, 
Carrington, 2020-22 (3-year average)*
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Corn grain yield between IF and foliar Zn, 
Carrington, 2017-18 and 2020-22 (5-year average)*
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Web search:
“NDSU soybean fertility”

In the central U.S. Corn Belt, P fertilizer commonly is applied to corn only 
in a corn-soybean rotation. This practice tends to provide good benefits to 
soybean and corn because the soil P levels are most often in the “high” 
range. In North Dakota, the P test is much lower, so P should be applied to 
soybean in a separate application. Fertilizing each crop is important until 
the field P test reaches the high availability range.



Soybean response to prior-year application of phosporus
(Carrington, 2021-23; Minot, 2022)

• Evaluate soybean yield response to prior-year broadcast 
application of P (for corn and soybean) compared to P 
application each year 

a) Study 
▪ Initial P soil analysis 

o Carrington: 2-7 ppm (very low to low); Minot: 8 ppm (medium)

▪ P fertilizer (0-46-0) applied at NDSU Extension recs

b) Potential benefits 
▪ Eliminate fertilizer application and incorporation costs during year of 

soybean production



Treatments:
1) Untreated check; 2) P corn/P soy; and 3) P corn+soy (year 1)

Soybean yield (Carrington 2-yr ave; low P-testing [4-7 ppm] soil):
Check=34.8; P corn/P soy=36.2; P corn+soy=37.5 bu/A (LSD 0.10: NS)

1 2 3



Durum intensive management study, 
CREC, 2021-23 

• Objective: Optimize seed yield and quality 
(vitreous kernel %) as influenced by 
application timing of N, sequential 
application of foliar fungicide, and seeding 
rates



Hard count97% 70%

PAN check



Durum intensive management, Carrington REC, 2022

Materials and methods:

▪ Irrigated ‘ND Riveland’ 

• May 19; 1.4 million plants/A (June 9)

▪ N 

1. 140 lb/A preplant soil N (trial)

2. 30 lb/A tillering (3-4 leaf stage)

3. 30 lb/A post anthesis (foliar)

▪ Fungicide

1. Early anthesis (Miravis Ace)

2. E. anthesis plus 5-7 days (Prosaro) 



Durum intensive management, Carrington REC, 2022



Summary

• Preliminary data 

o No response to fungicides due to absence 
of disease

o Seed yield increase with N at tillering

o Seed protein increase with N at tillering
or post-anthesis

o Hard count increase with N at tillering or 
post-anthesis

• Study will continue at both locations in 
2023





Comments or questions?

Greg Endres, Extension cropping systems specialist
701-652-5032; gregory.endres@ndsu.edu




