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Introduction and Rationale 
 

Cover Crops in the Midwest: 
• May improve soil health and crop 

productivity, as well as increase 
resiliency to climate stresses in  
corn-soybean rotation systems 

Work is Needed in the Midwest: 
• To quantify benefits and risks of  

cover crops, including soil health and 
organic matter, nutrient cycling, and 
crop productivity 

• Sustainable Corn Team includes 
10 cover crop locations 

Site Established in 2011: 
• Southeast Purdue Agricultural Center 

(SEPAC) in Butlerville, IN 
• No-till corn-soybean rotation with and 

without cereal rye cover crop 
Objectives: 
1.Measure soil stability in rye vs. no 

rye treatments 
2.Assess dry matter production and 

nitrogen (N) uptake of cereal rye 
aboveground biomass 

3.Measure cash crop yields and compare 
rye vs. no rye treatments 

Experimental Procedure  
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Conclusions  
• Cereal rye increased soil aggregate 

stability in the upper soil profile 
compared to no cover treatments 

• Rye accumulated more dry matter and 
scavenged additional N when grown 
longer before soybeans 

• Cash crop yields generally unaffected 
by cover treatment during this study 

• Cereal rye may be an effective way to 
improve system sustainability 

 
Recommendations  

• Allow cereal rye to grow longer for 
more biomass accumulation and 
scavenging of N 

• Patience and persistence: on-farm 
benefits accrue over long term 

 

• Cereal rye at termination before corn vs. 
two weeks longer before soybeans  
(700 vs. 2500 lbs./acre) 

• Rye grown longer before soybeans 
because a) more growth provides 
greater soil improvements, and 
 b) rye management is easier before 
soybean than before corn 
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• A soil quality indicator based on how 
well soil aggregates resist 
breakdown by water 

• Average mean weight diameter 
(MWD) was greater in rye treatments 
than in the no cover treatments in the 
upper soil profile, in general 

• Better soil structure leads to greater 
water infiltration, increased water-
holding capacity, less erosion, 
decreased surface crusting, and 
greater plant rooting ability 
  Greater Resilience 

Means within a depth followed by the same letter are not significantly different 
at the P≤0.05 level. 

Results and Discussion 

Rye cover 
vs. no 
cover 

effects on 
surface soil 

erosion 

• Spring weed biomass (370 lbs./acre) 
at rye termination before corn 

• Determines scavenged nitrogen 
 that otherwise could have been 
 lost to potential leaching through 
 the soil profile 

• In years 2013-2015, rye scavenged 
additional N when grown two 
 weeks longer before soybean  
than before corn 
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Introduction and Rationale



Cover Crops in the Midwest:

May improve soil health and crop productivity, as well as increase resiliency to climate stresses in 
corn-soybean rotation systems

Work is Needed in the Midwest:

To quantify benefits and risks of 
cover crops, including soil health and organic matter, nutrient cycling, and crop productivity

Sustainable Corn Team includes
10 cover crop locations

Site Established in 2011:

Southeast Purdue Agricultural Center (SEPAC) in Butlerville, IN

No-till corn-soybean rotation with and without cereal rye cover crop

Objectives:

Measure soil stability in rye vs. no
rye treatments

Assess dry matter production and nitrogen (N) uptake of cereal rye aboveground biomass

Measure cash crop yields and compare rye vs. no rye treatments

Experimental Procedure 
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Conclusions 

Cereal rye increased soil aggregate stability in the upper soil profile compared to no cover treatments

Rye accumulated more dry matter and scavenged additional N when grown longer before soybeans

Cash crop yields generally unaffected by cover treatment during this study

Cereal rye may be an effective way to improve system sustainability





Recommendations 

Allow cereal rye to grow longer for more biomass accumulation and scavenging of N

Patience and persistence: on-farm benefits accrue over long term













Cereal rye at termination before corn vs. two weeks longer before soybeans 
(700 vs. 2500 lbs./acre)

Rye grown longer before soybeans because a) more growth provides greater soil improvements, and
 b) rye management is easier before soybean than before corn



Soil aggregation; wet sieving method

SEPAC field site

A soil quality indicator based on how well soil aggregates resist breakdown by water

Average mean weight diameter (MWD) was greater in rye treatments than in the no cover treatments in the upper soil profile, in general

Better soil structure leads to greater water infiltration, increased water-holding capacity, less erosion, decreased surface crusting, and greater plant rooting ability
  Greater Resilience

Means within a depth followed by the same letter are not significantly different at the P≤0.05 level.

Results and Discussion



Rye cover vs. no cover effects on surface soil erosion



Spring weed biomass (370 lbs./acre) at rye termination before corn

Determines scavenged nitrogen
 that otherwise could have been
 lost to potential leaching through
 the soil profile

In years 2013-2015, rye scavenged additional N when grown two
 weeks longer before soybean 
than before corn





2015 SEPAC Aggregate Stability

Corn rye	a

a

a

a



0-10	10-20	20-40	40-60	3.304308069277921	2.7921327137114424	0.71369549287182699	0.42678815205234871	Soybean rye	a

a

a

a



0-10	10-20	20-40	40-60	3.5152804815482543	2.6748023541675625	0.67191793892148355	0.4333036831340592	Corn no cover	b

ab

a

a



0-10	10-20	20-40	40-60	2.2790203981612325	2.2859454344207073	0.65909807908824258	0.43052045282668866	Soybean no cover	b

b

a

a



0-10	10-20	20-40	40-60	2.135316855664346	1.929319509854668	0.70179330463326195	0.43042207145757644	Depth (cm)



MWD (mm)





Spring Cereal Rye Nitrogen Content



Corn no cover	0.78073999999999999	2.3699549744752435	0.92006746756128988	0.60289321358953507	0.78073999999999999	2.3699549744752435	0.92006746756128988	0.60289321358953507	2012	2013	2014	2015	14.23	11.338043574404551	6.9313299626733027	4.2430038354371344	Soybean no cover	3.48014	1.6036228023706525	0.51846130811890812	1.0743701826224024	3.48014	1.6036228023706525	0.51846130811890812	1.0743701826224024	2012	2013	2014	2015	14.75	22.194263906789903	3.1314546195520796	7.3221503706074147	Corn Rye	3.48014	1.5985129466093089	2.0928973034334675	2.6329453590370218	3.48014	1.5985129466093089	2.0928973034334675	2.6329453590370218	2012	2013	2014	2015	29.15	20.681397073373621	29.641247816352646	35.335254988714297	Soybean Rye	0.89570000000000005	0.99522538068243105	2.389856462802225	0.89570000000000005	0.99522538068243105	2.389856462802225	2012	2013	2014	2015	31.97	19.980995761606824	31.097715164516881	Later Soybean Rye	7.6122570081170773	2.9270057180912015	5	7.6122570081170773	2.9270057180912015	5	2012	2013	2014	2015	72.177280235904732	47.455756954354776	48.77	

Dry Matter (lbs. N/acre)









Microsoft_Excel_Worksheet1.xlsx

Raw Data


			Date			Annual Crop			Cover Crop			Treatment			Block			Plot			Depth 			plot avg


			2015			corn			rye			C-CR			1			1			5			3.0341322927


			2015			corn			rye			C-CR			1			1			15			2.9475196644


			2015			corn			rye			C-CR			1			1			30			0.8373320078


			2015			corn			rye			C-CR			1			1			50			0.3969226294


			2015			corn			none			C-NC			1			2			5			2.377858497


			2015			corn			none			C-NC			1			2			15			2.6911733748


			2015			corn			none			C-NC			1			2			30			0.7201730242


			2015			corn			none			C-NC			1			2			50			0.6213629829


			2015			soybean			none			S-NC			1			3			5			2.3275613459


			2015			soybean			none			S-NC			1			3			15			2.2756276703


			2015			soybean			none			S-NC			1			3			30			0.648141131


			2015			soybean			none			S-NC			1			3			50			0.4795289458


			2015			soybean			rye			S-CR			1			4			5			3.4155317582


			2015			soybean			rye			S-CR			1			4			15			3.0018079872


			2015			soybean			rye			S-CR			1			4			30			0.7954734122


			2015			soybean			rye			S-CR			1			4			50			0.4628749981


			2015			soybean			none			S-NC			2			5			5			2.1784337066


			2015			soybean			none			S-NC			2			5			15			1.6557006393


			2015			soybean			none			S-NC			2			5			30			0.7186080427


			2015			soybean			none			S-NC			2			5			50			0.391656177


			2015			soybean			rye			S-CR			2			6			5			3.263194435


			2015			soybean			rye			S-CR			2			6			15			1.6807939206


			2015			soybean			rye			S-CR			2			6			30			0.5049265229


			2015			soybean			rye			S-CR			2			6			50			0.4057070602


			2015			corn			rye			C-CR			2			7			5			3.5056045916


			2015			corn			rye			C-CR			2			7			15			2.9599225661


			2015			corn			rye			C-CR			2			7			30			0.7072326915


			2015			corn			rye			C-CR			2			7			50			0.4478671714


			2015			corn			none			C-NC			2			8			5			2.3326098349


			2015			corn			none			C-NC			2			8			15			2.3063308554


			2015			corn			none			C-NC			2			8			30			0.7515671288


			2015			corn			none			C-NC			2			8			50			0.3944752432


			2015			soybean			rye			S-CR			3			9			5			3.8401019355


			2015			soybean			rye			S-CR			3			9			15			3.0292214882


			2015			soybean			rye			S-CR			3			9			30			0.6963256401


			2015			soybean			rye			S-CR			3			9			50			0.4093514478


			2015			soybean			none			S-NC			3			10			5			1.7186517632


			2015			soybean			none			S-NC			3			10			15			2.0016641905


			2015			soybean			none			S-NC			3			10			30			0.7247546989


			2015			soybean			none			S-NC			3			10			50			0.4218772068


			2015			corn			none			C-NC			3			11			5			2.127784926


			2015			corn			none			C-NC			3			11			15			2.1493850717


			2015			corn			none			C-NC			3			11			30			0.5137411715


			2015			corn			none			C-NC			3			11			50			0.3478605316


			2015			corn			rye			C-CR			3			12			5			3.5164677026


			2015			corn			rye			C-CR			3			12			15			2.5120836133


			2015			corn			rye			C-CR			3			12			30			0.6550636797


			2015			corn			rye			C-CR			3			12			50			0.4506564222


			2015			corn			rye			C-CR			4			13			5			3.1610276901


			2015			corn			rye			C-CR			4			13			15			2.7490050111


			2015			corn			rye			C-CR			4			13			30			0.663989966


			2015			corn			rye			C-CR			4			13			50			0.4080992623


			2015			corn			none			C-NC			4			14			5			2.2778283347


			2015			corn			none			C-NC			4			14			15			1.9968924357


			2015			corn			none			C-NC			4			14			30			0.6509109918


			2015			corn			none			C-NC			4			14			50			0.3583830537


			2015			soybean			rye			S-CR			4			15			5			3.5422937975


			2015			soybean			rye			S-CR			4			15			15			2.9873860207


			2015			soybean			rye			S-CR			4			15			30			0.6909461805


			2015			soybean			rye			S-CR			4			15			50			0.4552812264


			2015			soybean			none			S-NC			4			16			5			2.316620607


			2015			soybean			none			S-NC			4			16			15			1.7842855394


			2015			soybean			none			S-NC			4			16			30			0.7156693459


			2015			soybean			none			S-NC			4			16			50			0.4286259563








Trt Avg Graph
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2015 SEPAC Aggregate Stability


Corn rye	A
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0-10	10-20	20-40	40-60	3.304308069277921	2.7921327137114424	0.71369549287182699	0.42678815205234871	Soybean rye	A


A


A


A





0-10	10-20	20-40	40-60	3.5152804815482543	2.6748023541675625	0.67191793892148355	0.4333036831340592	Corn no cover	B


AB


A


A





0-10	10-20	20-40	40-60	2.2790203981612325	2.2859454344207073	0.65909807908824258	0.43052045282668866	Soybean no cover	B


B


A


A





0-10	10-20	20-40	40-60	2.135316855664346	1.929319509854668	0.70179330463326195	0.43042207145757644	Depth (cm)





MWD (mm)













Microsoft_Excel_Worksheet2.xlsx

CC Biomass


			Sampling Date			Annual Crop			Cover Crop			Dry Matter			N Content


												(kg ha-1)			(kg N ha-1)			Std Error (DM)			Std Err (N)


			2012			Corn			no cover			587			16			22.4			0.88


						Soybean			no cover			664			16.5			40.2			0.82


						Corn			Rye			1321			32.7			166.6			3.9


						Soybean			Rye			1353			35.8			19.6			1





			2013			Corn			None			681			12.7			155.1			2.7


						Corn			Rye			889			23.2			97.8			1.8


						Soybean			None			1389			24.9			131.7			1.8





			4/30/13			Soybean			Rye			3102			80.9			321			8.5


			2014			Corn			None			329			7.8			32.4			1.03


						Soybean			None			107			3.5			25.1			0.58


						Corn			Rye			1232			33.2			62.8			2.3


						Soybean			Rye			853			22.4			39.6			1.1


			5/2/14			Soybean			Rye			2918			53.2			171.3			3.3


			2015			Corn			None			222			4.8			68.2			0.7


						Soybean			None			380.0			8.2			286.6			1.2


						Corn			Rye			1575.0			39.6			95.5			3


						Soybean			Rye			1422.0			34.9			82.4			2.7


			4/30/15			Soybean			Rye			2853			54.7			271.9			5.6

















			Sampling Date			Annual Crop			Cover Crop			Dry Matter			N Content


												(lbs acre)			(lbs. N acre)			Std Error (DM)			Std Err (N)


			2012			Corn			no cover			524.1			14.23			20.01			0.78


						Soybean			no cover			592.38			14.75			35.88			3.48


						Corn			Rye			1178.29			29.15			148.63			3.48


						Soybean			Rye			1206.8			31.97			17.52			0.90





			2013			Corn			None			607.90			11.34			138.42			2.37


						Corn			Rye			792.91			20.68			87.29			1.60


						Soybean			None			1239.58			22.19			117.52			1.60





			4/30/13			Soybean			Rye			2767.25			72.18			286.37			7.61


			2014			Corn			None			293.38			6.93			32.41			0.92


						Soybean			None			95.15			3.13			22.43			0.52


						Corn			Rye			1099.50			29.64			62.84			2.09


						Soybean			Rye			761.19			19.98			35.35			1.00


			5/2/14			Soybean			Rye			2603.38			47.46			152.86			2.93


			2015			Corn			None			197.96			4.24			60.88			0.60


						Soybean			None			339.13			7.32			33.35			1.07


						Corn			Rye			1405.08			35.34			85.21			2.63


						Soybean			Rye			1268.28			31.10			73.53			2.39


			4/30/15			Soybean			Rye			2545.77			48.77			242.6			5.0





Spring Cereal Rye Dry Matter





Corn no cover	155.1	22.4	2012	2013	2014	2015	587	681	329	222	Soybean no cover	286.60000000000002	25.1	2012	2013	2014	2015	664	1389	107	380	Corn Rye	166.6	62.8	2012	2013	2014	2015	1321	889	1232	1575	Soybean Rye	82.4	19.600000000000001	2012	2013	2014	2015	1353	853	1422	Later Soybean Rye	321	171.3	2012	2013	2014	2015	3102	2918	2853	


Dry Matter (kg ha-1)














Spring Cereal Rye Nitrogen Content





Corn no cover	0.88	2.7	1.03	0.7	0.88	2.7	1.03	0.7	2012	2013	2014	2015	16	12.7	7.8	4.8	Soybean no cover	0.82	1.8	0.57999999999999996	1.2	0.82	1.8	0.57999999999999996	1.2	2012	2013	2014	2015	16.5	24.9	3.5	8.1999999999999993	Corn Rye	3.9	1.8	2.2999999999999998	3	3.9	1.8	2.2999999999999998	3	2012	2013	2014	2015	32.700000000000003	23.2	33.200000000000003	39.6	Soybean Rye	1	1.1000000000000001	2.7	1	1.1000000000000001	2.7	2012	2013	2014	2015	35.799999999999997	22.4	34.9	Later Soybean Rye	8.5	3.3	5.6	8.5	3.3	5.6	2012	2013	2014	2015	80.900000000000006	53.2	54.7	


Dry Matter (kg ha-1)














Spring Cereal Rye Dry Matter





Corn no cover	155.1	20.014500000000002	138.4164131613615	32.406245699482113	60.881264330259768	22.4	20.014500000000002	138.4164131613615	32.406245699482113	60.881264330259768	2012	2013	2014	2015	524.1	607.89547813722004	293.37564379665832	197.96248396729459	Soybean no cover	35.879199999999997	117.51800535299452	22.426800774441769	33.345601178419301	35.879199999999997	117.51800535299452	22.426800774441769	33.345601178419301	2012	2013	2014	2015	592.38	1239.5781706363312	95.148857447564865	339.12638608602902	Corn Rye	148.62899999999999	87.286503502013574	62.842488372537623	85.208448106409634	148.62899999999999	87.286503502013574	62.842488372537623	85.208448106409634	2012	2013	2014	2015	1178.29	792.90714539637395	1099.4979082829718	1405.0843221187342	Soybean Rye	17.5184	35.352268035798481	73.532254030358587	17.5184	35.352268035798481	73.532254030358587	2012	2013	2014	2015	1206.8	761.19085958051903	1268.2814092996798	Later Soybean Rye	286.37094969604152	152.86185936557257	242.6	286.37094969604152	152.86185936557257	242.6	2012	2013	2014	2015	2767.2459374333448	2603.3784607180942	2545.77	


Dry Matter (lbs./acre)














Spring Cereal Rye Nitrogen Content





Corn no cover	0.78073999999999999	2.3699549744752435	0.92006746756128988	0.60289321358953507	0.78073999999999999	2.3699549744752435	0.92006746756128988	0.60289321358953507	2012	2013	2014	2015	14.23	11.338043574404551	6.9313299626733027	4.2430038354371344	Soybean no cover	3.48014	1.6036228023706525	0.51846130811890812	1.0743701826224024	3.48014	1.6036228023706525	0.51846130811890812	1.0743701826224024	2012	2013	2014	2015	14.75	22.194263906789903	3.1314546195520796	7.3221503706074147	Corn Rye	3.48014	1.5985129466093089	2.0928973034334675	2.6329453590370218	3.48014	1.5985129466093089	2.0928973034334675	2.6329453590370218	2012	2013	2014	2015	29.15	20.681397073373621	29.641247816352646	35.335254988714297	Soybean Rye	0.89570000000000005	0.99522538068243105	2.389856462802225	0.89570000000000005	0.99522538068243105	2.389856462802225	2012	2013	2014	2015	31.97	19.980995761606824	31.097715164516881	Later Soybean Rye	7.6122570081170773	2.9270057180912015	5	7.6122570081170773	2.9270057180912015	5	2012	2013	2014	2015	72.177280235904732	47.455756954354776	48.77	


Dry Matter (lbs. N/acre)

















Cash Crop Yields


			Date			Annual			Cover Crop			Grain Yield


												(kg ha-1)


			2011			Corn			No cover			9077			B


						Corn			Rye			9343			A


			2012			Corn			No cover			6240			a


						Corn			Rye			6760			a


			2013			Corn			No cover			13584			a


						Corn			Rye			13412			a


			2014			Corn			No cover			12828			a


						Corn			Rye			12955			a


			2011			Soybean			No cover			2895


						Soybean			Rye			2976


			2012			Soybean			No cover			2433


						Soybean			Rye			2534


			2013			Soybean			No cover			4665


						Soybean			Rye			4599


			2014			Soybean			No cover			4455


						Soybean			Rye			4544


									2011


									2012


									2013


									2014





Cash Crop Yields





Corn No cover	a


a


a


a





2011	2012	2013	2014	9077	6240	13584	12828	Corn Rye	b


a


a


a





2011	2012	2013	2014	9343	6760	13412	12955	Soybean No cover	a


a


a


a





2011	2012	2013	2014	2895	2433	4665	4455	Soybean Rye	a


a


a


a





2011	2012	2013	2014	2976	2534	4599	4544	


Grain Yield (kg ha-1)
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