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Introduction

Objectives

To evaluate how a DC (winter wheat) - cover cropping (cereal rye) CC 

mixture within a corn–soybean rotation influences key soil health 

parameters: (i) aggregate-associated carbon (C) and nitrogen (N), (ii) C 

and N distribution with depth, (iii) bulk density, (iv) soil C stock, and (v) 

crop yield.

Conclusion

Materials and Methods
The study was laid out in a randomized complete block design (RCBD) 

with five blocks at the Agronomy Research Center (ARC), Carbondale, 

Illinois. 

Treatments were: 

A) Corn-soybean rotation with no cover crop (CNSN),

B) Corn-wheat-soybean rotation without cereal rye as a cover crop 

(CWSN), 

C)  Corn-rye-soybean-rye rotation (CRSR)

D)  Corn-wheat-soybean-rye rotation (CWSR).
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▪ Soybean and corn yield 

was affected by treatment 

(P < 0.0005, P < 0.0013).

▪ Soybean showed higher 

yield in single season 

cropping.

▪ Corn showed higher yield 

in no CC systems. 

▪ Carbon (C) stock over 0–36 

in was negatively 

associated with BD (r = -

0.65).

Five soil samples were collected in each plot at two 

depths (0–2 and 2–6 in), air-dried and sieved, and 

analyzed for:

Aggregate size distribution: stacked sieve method 

(<0.002 to 0.31 in). 

Dry aggregates: wet-sieving apparatus to determine 

stable and unstable aggregates.

Soil BD (0–2, 2–6, 6–12, 12–24, & 24–36 in) was 

measured using a deep core sampler with three 
replicates. Samples were dried at 105°C in an oven to 

reach constant weight to calculate BD.
Fig. 4. Effect of cover cropping and termination timing of rye-clover 

cover crop on average bulk density over 0–36 in depth intervals.

▪ Corn yield was more related to N than C stock, and lower soybean 

yield in DC was associated with shorter growing season.

▪ Higher N within most of the fractions, stable, and unstable, and 

over depth was found in CWSN and CWSR. 

▪ Higher C within most of the fractions, stable, and unstable, and 

over depth was driven by CWSR.

▪ Soil C stock to 0–6 in improves, but over depth needs more time.
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Data were analyzed using repeated measure (depth) in PROC MIXED 

(SAS inc.). Treatment differences were evaluated using Tukey-adjusted 

pairwise comparisons with a significance level of P ≤ 0.05.

Fig.1. Timeline and cropping sequences of the five treatments 

implemented during the field trial in Carbondale, Illinois.

Understanding the distribution of soil organic matter, carbon (C) and 

nitrogen (N) within aggregates and across soil profiles is critical for 

improving soil fertility, nutrient cycling, and long-term sustainability in 

agricultural systems.

Cover cropping (CC) and double cropping (DC) systems are widely 

recognized for their potential to improve soil health by mitigating the 

negative impacts of intensive agricultural practices.

Fig. 6. Effect of double cropping and cover cropping on carbon 

concentration in stable and unstable fractions of 0.01–0.08 in.

Fig. 8. Principal component analysis of soil properties under different 

cropping treatments. 
(BD: bulk density; CLA, CMED, CSM: carbon in large, medium, small fraction; NLA, NMED, NSM: carbon in large, medium, small fraction; C-depth, N-depth: C and N over depths; 

CSA, NSA: C and N in stable fraction; CUS, NUS: C and N in unstable fraction, STDM: soybean days to maturity).

Fragic Alfisols are agriculturally important but 

challenging to manage due to compaction and 

poor infiltration, and the effects of double 

cropping and cover crop termination timing on 

their soil health in southern Illinois remains 

poorly understudied.

Winter rye enhances soil organic matter and 

nutrient cycling by adding biomass and 

supporting microbial activity, influencing 

carbon and nitrogen distribution within 

aggregates and the soil profile.

Air-dried soil samples were ground with a ball mill, and total C and N 

were measured by high-temperature dry combustion (Dumas method) 

using an elemental analyzer.

Soil carbon stock (tons C ac⁻¹) was calculated using measured carbon 

concentration, bulk density, and soil depth for each layer, and summed 

across depths where applicable.

▪ Bulk density 

(BD) was affected 

by treatment (P = 

0.04) and depth (P 

< 0.0001).

▪ CWSN showed 

significantly lower 

BD than CSNS, 

CRSR, and 

CWSR.  

▪ Carbon (C): Relative to the control, CRSR showed higher C in 

0.19–0.25 in, all treatments increased C in 0.08–0.19 in fractions; 

CRSR and CWSR showed higher C in 0.001–0.02 in; In 0.002–

0.01 in, CWSN and CWSR showed higher C.

▪ Nitrogen (N): Compared with CSNS, CWSN and CWSR showed 

higher N concentrations in 0.25–0.31 in; all treatments showed 

higher C 0.08–0.19, 0.04–0.08, and 0.001–0.02 in; In 0.002–0.01, 

CWSN and CWSR showed higher N; In < 0.002, all treatments 

showed higher N concentration.

▪ Carbon (C) concentration over 

depth was significantly affected 

by treatment (P = 0.03) and depth 

(P < 0.0001).

▪ At 0–2 in, C concentration was 

significantly higher in CRSR and 

CWSR than CNSN. 

▪ Nitrogen (N) concentration 

was only affected by depth (P <  

0.0001) (Data not shown).

Fig. 3. Effect of double and cover 

cropping on Carbon (%) 

concentration at 0–2, 2–6, 6–12, 

12–24, and 24–36 in.

▪ There was no significant effect of treatment (P = 0.09) on total soil 

C stock over 0–36 in (data not shown). However, total soil C stock 

at 0–6 in was significantly affected by treatment (P = 0.004). Soil C 

stock was significantly higher in CRSR and CWSR than CNSN 

and CWSN over the 0–6 in depth interval.

Fig. 7. Effect of double cropping and cover cropping on yield of (A) 

winter wheat, (B) soybean, (C) corn.

▪ Carbon (C) concentration was significantly (P = 0.02) higher in 

CRSR than in CNSN and CWSN. No significant effect of treatment 

on N concentration observed (Data not shown).

Fig. 2. Effect of double cropping and termination timing of rye-clover 

in corn-soybean rotation on average (A) carbon (%) and (B) nitrogen 

(%) concentrations within different fraction sizes.

Results and Discussion

Fig. 5. Effect of double cropping and cover cropping on total carbon 

stock at 0–6 in depth interval.

Results and Discussion


	Slide 1

