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Abstract: The adoption of cover crops (CCs) has gained popularity in the continuous corn (Zea mays 

L.) production system due to their multiple bene昀椀ts including scavenging or 昀椀xing nitrogen (N) in the soil. 
However, a CC’s ability to develop early cover, scavenge N, and provide N to the following cash crop is 

species-dependent and a昀昀ected by environment. A 昀椀eld study was conducted in three diverse environments 
to determine growth characteristics of nine CC treatments (i.e., monocultures or mixes of grasses, legumes, 

and brassica), and their e昀昀ect on the following corn crop was compared to no cover crop treatment (noCC). 
Cover crops signi昀椀cantly di昀昀ered for above-ground biomass, plant tissue carbon (C) and N concentrations, 
carbon to nitrogen ratio (C/N), and total N uptake (TNU). Among monocultures, grasses had the highest 

biomass and C/N ratio, and legumes had the highest N concentrations and TNU. Corn grain yield was 

highest following radish, whereas lowest corn yield was found following cereal rye + crimson clover mix 

in environment 1. Cover crops varied for C/N ratios in all three environments, but only a昀昀ected corn plant 
height (PH) and grain yield in one environment. Cover crops belonging to the same species also exhibit 

di昀昀erent responses for characteristics measured, depending upon the environment. The expected returns 
were also variable, especially in CC mixes. The study provides valuable information on the species-speci昀椀c 
functionality of CCs in continuous corn under variable environmental conditions. The information will bene昀椀t 
future studies to explore a high diversity mixture of CCs that may outperform across all three environments.
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C
orn was ranked as the second main crop in 

Mississippi (MS) after soybean (Glycine 

max L.), with its economic value to the state 

estimated at $665 M in 2021 (USDA NASS 2021a). 

Corn was planted on 0.3 million ha in MS with 

total production of 3.2 million metric tons in 2021 

(USDA NASS 2021a). Corn yields vary across 

MS because of crop and irrigation management 

practices. The non-irrigated corn yield in 2021 

averaged 11.9 Mg ha-1 across MS. Irrigated corn 

is predominantly produced in the Delta region of 

the state with an average yield of 14.6 Mg ha-1 in 

2021 (MSU 2021). Despite variable yield, the net 

returns across the state varied within ± $30, with 

the highest of $366 ha-1 and lowest of $336 ha-1 

for irrigated and non-irrigated corn, respectively 

(Gregory 2020). 

Farmers of the U.S. Mid-South made a quick 

shift from cotton to corn production with the 

introduction of the Farm Bill in 1995 (Sanchez 

Research Implications

• Cover crops provide multiple bene昀椀ts and 
help with soil and water conservation.

• Cover crop mixes showed no improvement 

in the corn yield over the cover crop 

monocultures.

• Bene昀椀ts of cover crops on corn production 
depend upon the environment.
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2016). Initially, the shift was from a continuous 

cotton production system to a continuous corn 

production system, until 2007. Corn production 

was increased from 121,000 ha in previous 

years to 376,000 ha in MS in 2007 with a 50% 

reduction in cotton acreage (USDA NASS 2021b). 

Corn yield was greatly increased primarily due 

to improved genetic and management practices 

(Duvick 2005). After 2007, biennial rotation of 

soybean and corn gained interest due to ease of 

management when compared to cotton. Cotton 

requires intensive e昀昀orts to manage foliage growth 
continuing even after it creates a seed, due to its 

indeterminate perennial growth habit. However, 

many corn farmers skip rotation and engage in 

corn monocropping, especially when the market 

returns for corn are higher (Wang and Ortiz-Bobea 

2019). 

Continuous corn production has a risk of yield 

drag due to cooler and wetter soils, nitrogen (N) 

immobilization, increased disease pressure, and 

allelopathy (Gentry et al. 2013). Past studies have 

reported a yield reduction ranging from 2 to 29% 

in continuous corn compared to corn following 

soybean (S-C) (Peterson and Varvel 1989; Porter 

et al. 1997; Wilhelm and Wortmann 2004). 

Among various factors, N immobilization plays a 

dominant role in yield penalty in continuous corn 

production compared to S-C rotation (Stanger and 

Lauer 2008). Long-term research in Iowa showed 

corn yields averaged only about 3.7 Mg ha-1 for 

continuous corn compared to 7.2 Mg ha-1 for S-C, 

when corn was not fertilized with N (Sawyer and 

Randall 2008). Therefore, cover crops (CCs) in 

a continuous corn production system can act as 

a rotational crop and may provide bene昀椀ts like 
a two-year S-C rotation (Torbert et al. 1996; 

Dapaah and Vyn 1998; Gentry et al. 2013). Cover 

crops can substantially enhance N availability to 

subsequent corn in both till and no-till systems, 

however, their bene昀椀ts are species-dependent. 
The species-speci昀椀c N credits from legume and 
non-legume to corn were mainly quanti昀椀ed in 
terms of growth, biomass production, and yields 

in the past. For instance, Dapaah and Vyn (1998) 

reported that corn planted following ryegrass 

(Lolium multi昀氀orum L.) was shorter in height with 

fewer leaves and less biomass compared to corn 

following red clover (Trifolium pratense L.). They 

also reported that corn yielded highest following 

red clover compared to ryegrass, oilseed radish 

(Raphanus sativus L.), and no cover crop (noCC). 

Torbert et al. (1996) reported a 7 to 22% increase 

in corn yield at the highest fertilizer N application 

level following crimson clover, compared with 

noCC. In addition, CCs help reduce nutrient losses 

from agricultural 昀椀elds, improve water quality, and 
increase N supply for succeeding crops (Sanchez 

2016). Martinez-Feria et al. (2016) reported that 

planting cereal rye reduced 26% nitrate-nitrogen 

(NO
3
-N) losses without consistently reducing corn 

yields. Cover crops can be extremely bene昀椀cial in 
MS since its rainfall is greatest during the non-cash 

crop growing season from October to April (Tang 

et al. 2018), which can increase soil erosion, runo昀昀 
losses, and nutrient leaching. 

Cover crops used in the U.S. can generally be 

categorized into three groups: grasses, legumes, 

and brassica. Grasses produce a large volume of 

root biomass, are good in scavenging soil N, and 昀椀t 
well in a no-till system. However, they have a high 

carbon to nitrogen ratio (C/N) in their residues 

(Kaye et al. 2019). On the other hand, residues of 

legumes and brassica decompose more rapidly in 

the spring, due to a low C/N ratio compared with 

grasses (Kaye et al. 2019). Additionally, legumes 

are valued for their ability to 昀椀x N, which can 
bene昀椀t the succeeding crop. Multispecies CCs 
can have superior performance over monoculture 

CCs. For instance, a mix of grasses and legumes 

could allow quick soil cover and N scavenging by 

grasses, and N additions and quick residue break 

down by the legume. Hence, investigating region-

speci昀椀c selection, integration, and management 
of CCs in a continuous corn production system is 

crucial to determine the full potential of corn yield 

based on past advancements. 

Cover crop bene昀椀ts are long-term while the 
costs are upfront. Early CC performance is an 

important determinant in whether a farmer adopts 

the practice permanently or is discouraged by early 

results and prematurely drop the practice. These 

early results provide important information for 

conservation agencies sponsoring CC programs. 

Only about 30% of MS farmers have opted to 

implement CCs, according to a recent survey of 

irrigators in MS (Quintana-Ashwell et al. 2020). 

The overall objective of this study was to determine 
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the e昀昀ect of monocultures and multispecies 
overseeded CCs on the growth, yield, and quality 

of the following corn crop, and to estimate the 

production cost and expected returns from CC 

monocultures and multispecies mixes under 

diverse growing conditions. We hypothesized that 

CCs’ performance and their e昀昀ect on corn growth 
and development depend on the type of CCs.

Materials and Methods

Site Description and Experimental Layout

The experiment was conducted at two research 

sites for three years: Stoneville, MS (33°25’42.6”N, 

-90°57’13.5”W) in 2019-2020 and 2020-2021; 

and Starkville, MS in 2020-2021 (33°28’40.1”N, 

-88°47’13.2”W) (Table 1). The combinations of 

experimental site and year for the duration of CC 

or corn were referred to as environments. From 

this point in the article, environment 1 refers to 

Stoneville during 2019-2020, environment 2 refers 

to Stoneville during 2020-2021, and environment 

3 refers to Starkville during 2020-2021 (Table 1). 

The dominant soil series at the Stoneville site was 

classi昀椀ed as Bosket very 昀椀ne sandy loam (Fine-
loamy, mixed, active, thermic Mollic Hapludalfs). 

Bosket very 昀椀ne sandy loam is well-drained 
soil with moderately high saturated hydrologic 

conductivity and moderate permeability. The 

dominant soil series at the Starkville site was 

classi昀椀ed as Leeper silt clay loam (Fine, smectitic, 
nonacid, thermic Vertic Epiaquepts). Leeper silt 

clay loam is a somewhat poorly drained soil with 

very slow saturated hydraulic conductivity that 

occasionally causes 昀氀ooding. The weather data for 
research sites were obtained from Mississippi State 

University’s North Farm Starkville station and 

Stoneville West station of The Delta Agricultural 

Weather Center (MSU 2016). The data included 

average monthly temperatures, mean monthly solar 

radiations, and monthly total precipitation for three 

environments (Figure 1). The 30-year average 

annual minimum and maximum temperatures 

were 12.1℃ and 23.6℃, respectively. The 30-
year average annual precipitation received at the 

research site was 1406 mm. 

The experimental layout was a randomized 

complete block design, with four replications 

of ten CC treatments randomly planted in each 

environment. The ten treatments included in this 

study were: noCC, cereal rye (Secale cereale L.), 

wheat (Triticum aestivum L.), crimson clover 

(Trifolium incarnatum L.), hairy vetch (Vicia 

villosa L.), radish (Raphanus sativus L.), cereal 

rye + crimson clover, wheat + crimson clover, 

hairy vetch + radish, and wheat + radish + turnip 

(Brassica rapa subsp. rapa L.). The seeding rates 

for cereal rye, wheat, crimson clover, hairy vetch, 

Table 1. Dates for 昀椀eld operations and data collection during the experimental period.

Environments Year Location Crop Tillage Planting

N-Fertilizer Split Application
Biomass 

Collection

Cover Crop 

Termination or 

Corn Harvest1st 2nd

1 2019 Stoneville
Cover 

crops
3 Oct. 2019 03 Oct. 2019 ‡ ‡ 28 Feb. 2020 28 Feb. 2020

2 2020 Stoneville
Cover 

crops
3 Oct. 2020 07 Oct. 2020 ‡ ‡ 10 Mar. 2021 11 Mar. 2021

3 2020 Starkville
Cover 

crops
1 Sep. 2021 16 Sep. 2021 ‡ ‡ 10 Mar. 2021 24 Apr. 2021

1 2020 Stoneville Corn ‡ 03 Apr. 2020 29 Apr. 2020 05 May 2020 ‡ 03 Sep. 2020

2 2021 Stoneville Corn ‡ 16 Mar. 2021 05 Apr. 2021 14 May 2021 ‡ 17 Aug. 2021

3 2021 Starkville Corn ‡ 07 May 2021 28 May 2021 18 June 2021 ‡ 14 Sep. 2021

‡No data.
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Figure 1. Monthly total precipitation, average monthly air temperature, and monthly solar radiation 

data recorded across three environments. 
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radish, hairy vetch + radish, and wheat + radish + 

turnip were 67.25, 67.25, 8.97, 22.47, 8.97, 11.21 + 

4.48, and 44.83 + 4.48 + 2.24 kg ha-1, respectively. 

Cereal rye + crimson clover and wheat + crimson 

clover CCs were planted at a seeding rate of 33.63 

+ 4.48 kg ha-1. Each treatment plot was four rows 

wide with an inter-row spacing of 1.016 m in 

environments 1 and 2, and 0.965 m in environment 

3. The plot size for every treatment was 4.06 m x 

9.14 m in environments 1 and 2, and 3.86 m x 9.14 

m for environment 3.

Field and Crop Management

The CCs were planted as monoculture or 

multispecies in fall 2019 and 2020 at Stoneville, 

and in fall 2020 at Starkville. The details of 昀椀eld 
and crop management at the three environments 

are given in Table 1. Tillage was performed in 

the experimental 昀椀elds in the fall before aerial 
seeding or overseeding of CCs. The experiment 

昀椀elds were tilled using one pass of a stalk shredder, 
followed by at least two passes of disking, one 

pass of a 昀椀eld cultivator, and then 昀椀nally hipped 
using a bedder roller. The CCs were overseeded 

on the ground after the tillage operations using a 

hand spreader. The CCs selected belonged to one 

of three groups based on species: grasses (cereal 

rye and wheat), legumes (hairy vetch and crimson 

clover), or brassica (radish and turnip). Cover 

crops in all three environments were terminated 

using Roundup Weathermax [glyphosate, 

N-(phosphonomethyl) glycine] at 1.89 kg a.e. ha-1, 

2,4-D (2,4-dichlorophenoxyacetic acid) at 0.80 kg 

a.e. ha-1, and Scanner 0.25 v/v in the spring before 

planting corn. 

Soil samples were collected from 0 to 30 cm 

depth in the fall before planting CCs, to analyse for 

physical and chemical soil properties of the 昀椀eld 
sites. The soil analysis results are reported in Table 

S1. Following the termination of CCs in the springs 

of 2020 and 2021 at the three environments, the 

corn cultivar Dekalb DK 70-27 (DEKALB®) was 

planted using a John Deere 1710 Maxemerge XP 

eight row seed drill. Fertilization, tillage, and weed 

management for corn were conducted according 

to Mississippi State University Extension Service 

recommendations. Nitrogen fertilizer was applied 

as preemergence and as a split application around 

V4-5 corn growth stage, while the phosphorus (P) 

and potassium (K) fertilizers were applied as a 

single application before tillage operations in the 

fall. Corn planted in environment 1 received NPK 

fertilizers at a rate of 278 kg N ha-1 as 32% urea 

ammonium nitrate (UAN), 20 kg P ha-1 as triple 

superphosphate (TSP), and 40 kg K ha-1 as Muriate 

of Potash (MOP). Environments 2 and 3 received 

a total of 263 kg N ha-1 as 32% UAN, 56 kg P ha-1 

as TSP, and 112 kg K ha-1 as MOP. The biomass 

data were collected from both CCs and corn for 

all three environments (Table 1). The 昀椀eld sites 
received preemergence herbicide application of 

Lexar EZ [(S-Metolachlor, 2-chloro-N-(2-ethyl-

6-methylphenyl)-N-(1-methoxypropan-2-yl) 

acetamid + Mesotrion, 2-[4-(Methylsulfonyl)-2-

nitrobenzoyl]cyclohexane-1,3-dione + Atrazine, 

6-Chloro-N2-ethyl-N4-(propan-2-yl)-1,3,5-

triazine-2,4-diamine)] at 3.11 kg a.i. ha-1 plus 

scanner 0.25 v/v and a postemergence application 

of Halex GT [(S-Metolachlor, 2-chloro-N-(2-

ethyl-6-methylphenyl)-N-(1-methoxypropan-2-yl) 

acetamid + Glyphosate, N-(phosphonomethyl)

glycine + Mesotrione, 2-[4-(Methylsulfonyl)-2-

nitrobenzoyl]cyclohexane-1,3-dione + Atrazine, 

6-Chloro-N2-ethyl-N4-(propan-2-yl)-1,3,5-

triazine-2,4-diamine)] at 2.21 kg a.i. ha-1 plus 

scanner 0.25 v/v for weed management.

Data Collection and Analysis

Above-ground biomass samples of CCs and 

winter weeds (noCC) were collected from a 0.19 

m2 area before CC termination by clipping all plant 

biomass above the ground (Table 1). The samples 

collected were dried at 60℃ until the constant dry 
weight was achieved. Dried samples were weighed, 

ground using a Wiley Mill (Thermo Scienti昀椀c), and 
sifted using a 0.5 mm sieve. Sieved subsamples 

were analysed for C and N concentrations using 

dry combustion followed by gas chromatography 

(Flash 2000, organic elemental analyser, Thermo 

Scienti昀椀c). The total N uptake (TNU) was then 
calculated by multiplying the N concentration with 

dry weight. The C/N ratio was also determined by 

dividing C concentration by the N concentration of 

the sample. 

At physiological maturity, the mean plant 

height (PH) of corn was recorded from 1-m row 

length from each plot at all three environments. A 

FieldScout CM 1000 Chlorophyll Meter was used 
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for measuring the chlorophyll index, a measure 

of relative greenness, of the ear leaf. Corn yield, 

test weight, and moisture were determined by 

harvesting the middle two rows along the entire 

plot length using a plot combine (Kincaid 8xp; 

Haven, KS) equipped with a harvest master H
2
 

yield monitor (Juniper Systems; Logan, UT). The 

grain yield obtained was adjusted to 15.5% grain 

moisture before data analysis. Grain samples 

of 500 to 600 g were collected at the time of 

harvesting from each plot to analyse for grain 

quality, including oil, protein, and starch content 

with Near-infrared (NIR) spectroscopy using the 

Foss Infratec 1241 grain analyzer (Hilleroed, 

Denmark). After analysing grain quality, the grain 

samples were also used to measure seed index (SI) 

by measuring the weight of 100 grains.

Statistical and Economic Analysis

Data collected during the season were analysed 

using the GLIMMIX procedure in SAS 9.4 (SAS 

Institute, Cary, NC). The CC and environment 

were considered as 昀椀xed e昀昀ects and replication 
as random e昀昀ects. The environmental e昀昀ect was 
signi昀椀cant for all the traits but protein (Table 2). 
Therefore, data were reanalysed to determine the 

in昀氀uence of CCs on corn growth and development 
for each environment separately (Tables 3 and 

4). Post hoc di昀昀erences were determined using 
Fisher’s Least Signi昀椀cant Di昀昀erence (α = 0.05). 
The expected farm revenue was calculated by 

multiplying the yields under each treatment by the 

average (average of two years, 2020 and 2021) bid 

price for corn reported by the U.S. Department 

of Agriculture (USDA) Economics, Statistics 

and Market Information System (ESMIS) for 

county elevators in Greenville, MS, at $221.65 

Mg-1. Partial budget analyses were performed to 

compare the pro昀椀tability implications of di昀昀erent 
CC treatments to the returns and variability 

associated with the noCC system. The production 

cost estimates were obtained from the 2022 crop 

planning budgets published by the Mississippi 

State University’s Department of Agricultural 

Economics (MSU 2022), which employed prices 

for the year 2021. Since the corn planning budgets 

for corn are only generated for production on 

76.2 and 95.5 cm row spacing, a space factor was 

created, and the budget was adjusted to account for 

101.6 cm row spacing. The relationship between 

risk and returns exploited the variability reported 

for the yields to calculate the variability in returns.

Results

Weather Data

The highest average monthly temperature 

was in July for Environments 2 and 3, whereas 

it was in June for environment 1. The lowest 

average monthly temperature was in February for 

all three environments (Figure 1). The average 

monthly temperature in June was 1.5oC higher in 

environment 1 than environments 2 and 3. The 

average monthly temperature in December and 

January was 2.2oC higher in environment 1 than 

the other two environments. Similarly, the monthly 

temperature in February was also 4.9 and 2.9oC 

higher in environment 1 than the environments 2 

and 3, respectively. 

 Average monthly solar radiation was lower 

for environment 1 than the other environments 

from October to March (Figure 1). However, solar 

radiation was higher in environment 1 than the 

other two environments in May and July. The total 

monthly precipitation from October to September 

was 367 and 445 mm greater for environment 1 

(1,978 mm) than environments 2 (1,611 mm) 

and 3 (1,533 mm), respectively (Figure 1). The 

monthly total precipitation received during the 

CC growing season from October to March 

was 473 and 559 mm higher in environment 1 

(1,129 mm) than environments 2 (656 mm) and 

3 (569 mm), respectively. January and February 

accumulated at least 100 mm more precipitation 

in environment 1 than the other two environments. 

The highest environmental variation in monthly 

total precipitation occurred in January, February, 

June, and July. 

Cover Crop Biomass, Plant Tissue Nitrogen, 
Carbon, and C/N Ratios

Environments 1 and 3 had signi昀椀cant variation in 
CC biomass, N, C, and C/N ratio, but environment 

2 exhibited only variation for C/N ratio (Table 3).

Biomass. In environment 1, all CC monocultures 

and mixtures had 2092 to 4830 kg ha-1 greater 

biomass production than noCC, except crimson 
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clover, hairy vetch, and wheat + crimson clover 

mix (Table 4). No di昀昀erences in biomass were 
observed among wheat, cereal rye, and radish, 

and on average they were 82% higher in biomass 

production than the crimson clover and hairy vetch 

legume CCs (Table 4). Growing hairy vetch in a mix 

with radish resulted in greater biomass production 

than the hairy vetch monoculture whereas growing 

wheat in a mix with crimson clover had lower 

biomass (1259 kg ha-1) compared to growing wheat 

as monoculture (2405 kg ha-1). No di昀昀erences were 
observed in between cereal rye and radish biomass 

when planted as monocultures or as a mix. 

Except monoculture hairy vetch and crimson 

clover, all other CCs planted whether as 

monoculture or mix had greater biomass 

production than noCCs in environment 3 (Table 4). 

The biomass of legume monoculture CCs (crimson 

clover and hairy vetch) was 62% less than the 

average biomass of wheat, cereal rye, and radish 

monocultures. Among CC mixes, crimson clover 

legume when planted with cereal rye showed 

a 64% increase in biomass than monoculture 

crimson clover (Table 4). Cereal rye + crimson 

clover had the highest biomass production in 

environment 3, however, it was not signi昀椀cantly 
di昀昀erent from the wheat + radish + turnip mix and 
wheat, radish, and cereal rye monocultures CCs.  

Further, no di昀昀erences were observed in biomass 
when grasses and brassica were planted as mix or 

as single species in all three environments (Table 

4). In contrast, wheat showed a 33% decline in 

biomass when mixed with crimson clover than 

its monoculture although the di昀昀erence was not 
signi昀椀cant.  

Plant Tissue Nitrogen Concentration and Uptake. 

Signi昀椀cant di昀昀erences in N concentrations among 
CCs were observed in environments 1 and 3 (Table 

3). The lowest plant tissue N concentration was 

obtained for weeds in noCC treatment. In the case 

of CC monoculture, radish consistently maintained 

higher N in both environments 1 and 3 (Table 4). 

In environment 1, radish planted as monoculture 

had 49, 57, 70, and 77% higher N concentrations 

than cereal rye, wheat, crimson clover, and hairy 

vetch monocultures, respectively (Table 4). 

Crimson clover, hairy vetch, and noCC showed 

the lowest N, averaging 9 g kg-1 for environment 

1. In environment 3, radish and hairy vetch had 



78

UCOWRJournal of Contemporary Water Research & Education

Single and Multispecies Cover Crop E昀昀ects on Corn Production and Economic Returns

Table 3. P-values from statistical analysis showing the cover crop e昀昀ects on the data collected during the 
experiment and separated for each environment.

Data Collected Environment 1 Environment 2 Environment 3

Cover Crop

Biomass <0.0001 0.3731 <0.0001
Carbon (C) Concentration <0.0001 0.5402 <0.0001
Nitrogen (N) Concentration <0.0001 0.2715 <0.0001
Carbon / Nitrogen Ratio <0.0001 0.0108 0.0003

Total Nitrogen Uptake <0.0001 0.1209 <0.0001
Corn  

Plant Height 0.0163 0.6855 ‡

Chlorophyll Index 0.1272 0.3556 ‡

Grain Moisture 0.6249 0.9206 0.4200

Yield 0.0232 0.4292 0.2674

Test Weight 0.6230 0.0195 0.9700

Seed Index 0.1181 0.8221 0.0226

Oil 0.5131 0.5763 0.3200

Protein 0.8321 0.6280 0.3528

Starch 0.8167 0.0311 0.7700

P-values showing signi昀椀cant di昀昀erences have been underlined.
‡No data collected.

an average of 20% greater N concentrations than 

crimson clover, wheat, and cereal rye (Table 4). A 

CC mix of hairy vetch + radish showed no change 

for N concentration from radish monoculture in 

environment 1, while the N concentration of this 

mix declined by 21% compared to the hairy vetch 

and radish monocultures in environment 3. The 

N concentration of cereal rye + crimson clover 

mix was greater than monocultures of cereal rye 

and crimson clover in environments 1 and 3. The 

three-way mix of wheat + radish + turnip had a 

slight improvement in N concentration compared 

to monoculture wheat in environment 1. No 

di昀昀erences were observed for N concentration 
among CC monocultures, mixtures, and noCC in 

environment 2 and they averaged 24.1 g kg-1 across 

all treatments (Table 4). 

Like biomass, CCs showed a signi昀椀cant 
di昀昀erence for TNU in environments 1 and 3 (Table 
3). In both environments, the decreasing order of 

TNU in the CC monocultures was in the order 

of: brassica > grasses > legumes. Among CC 
monocultures, radish (172.8 kg ha-1) and cereal 

rye (63.3 kg ha-1) had higher TNU followed by 

wheat (34.8 kg ha-1) in environment 1, whereas 

signi昀椀cantly lower TNU was found in hairy vetch, 
crimson clover, and noCC (Table 4). Total nitrogen 

uptake was similar among all mixes except for 

wheat + crimson clover, which had 122 and 145 

kg ha-1 lower TNU than the wheat + radish + turnip 

and hairy vetch + radish mixes, respectively in 

environment 1 (Table 4). In environment 3, the 

highest TNU was obtained in the CC mix of cereal 

rye + crimson clover (200.24 kg ha-1), while the 

lowest was obtained in noCC (32.36 kg ha-1) (Table 

4). The combination of cereal rye + crimson clover 

outperformed for TNU among all treatments, 

except wheat + radish + turnip and radish (Table 

4). All other CC mixes showed no improvement 

in TNU over CC monocultures. Among CC mixes 

in environment 3, the lowest TNU accumulated 

was in the wheat + crimson clover mix. The trend 

of low TNU for wheat + crimson clover mix was 

similar to that of environment 1 (Table 2).

Carbon to Nitrogen Ratio (C/N). Cover crops 

signi昀椀cantly di昀昀ered for C/N ratios in all three 
environments, with the highest being in grasses and 

the lowest in single-planted or mix of hairy vetch 
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Table 4. Cover crops biomass production, C and N concentration, C/N ratio, and total nitrogen uptake as a昀昀ected by the 
cover crop treatments in three environments.

Treatment Biomass

kg ha-1
C

g kg-1
N

g kg-1
C/N ratio TNU

kg ha-1

Environment 1

No Cover Crop 313±101c† 98.7±80b 9.3±7d  7.78±1f† 3.64±1c

Cereal Rye 3,584±1,600a 256.8±50a 18.0±3c 14.07±1ab 63.26±23ab

Wheat 2,405±660a 249.8±13a 15.6±8cd 15.72±1a 34.81±17b

Crimson Clover 765±634bc 123.5±40b 10.5±3d 11.77±1bcd 7.92±1c

Hairy Vetch 489±295bc 88.7±20b 8.0±2d 10.18±1def 4.71±4c

Radish 4,831±1,194a 321.1±10a 35.0±2a 8.96±1def 172.82±41a

Cereal Rye + Crimson Clover 4,247±382a 288.3±40a 21.8±4b 13.34±1abc 91.98±16ab

Wheat + Crimson Clover 1,259±750b 268.1±50a 18.8±4c 14.44±1ab 23±16b

Hairy Vetch + Radish 4,764±1,611a 311.0±10a 35.0±4a 8.77±1ef 168.35±52a

Wheat + Radish + Turnip 5,143±3369a 278.9±20a 26.0±5b 10.79±1cde 144.63±19a

Environment 2

No Cover Crop 1,423±1,074 268.2±10.2 21.9±1.1 12.89±2.14abcd 32.85±35.45

Cereal Rye 2,035±731 349.7±2.0 24.6±0.5 14.60±2.41ab 52.77±32.32

Wheat 1,940±822 267.3±3.9 17.5±0.2 15.26±1.37a 34.57±17.59

Crimson Clover 1,809±255 256.1±6.0 19.0±0.6 14.08±2.45abc 33.56±9.99

Hairy Vetch 2,415±280 306.9±5.2 27.9±3 10.92±1.37d 67.73±12.52

Radish 1,733±751 299.4±6.0 25.0±0.3 11.67±1.28cd 45.37±22.23

Cereal Rye + Crimson Clover 2,521±1,085 312.9±5.1 24.0±0.7 13.11±2.35abcd 57.81±11.51

Wheat + Crimson Clover 1,352±444 293.2±9.5 2.6±0.9 13.29±1.41abcd 29.10±11.01

Hairy Vetch + Radish 2,583±1,240 308.5±3.3 28.0±0.3 10.94±0.47d 70.25±30.36

Wheat + Radish + Turnip 2,590±1,342 310.5±2.8 24.6±0.3 12.64±0.73bcd 65.15±35.11

Environment 3

No Cover Crop 1,744±1,242f 327.0±3.4e 17.0±0d 18.78±0.1a 32.36±28.00e

Cereal Rye 5,617±861abc 395.0±0.8a 24.8±0c 16.09±0.2abc 140.89±36.05bc

Wheat 5,807±1,705abc 399.4±1.3a 24.0±5c 17.34±0.4ab 134.60±34.56bc

Crimson Clover 2,498±637ef 366.0±1.1cd 24.2±5c 15.68±0.3bc 62.85±29.26ed

Hairy Vetch 3,452±934def 384.0±1.9abc 29.2±3ab 13.31±0.2cd 103.68±36.57cd

Radish 5,442±1,569abc 369.9±0.8bcd 31.5±3a 11.80±0.1d 171.15±50.18ab

Cereal Rye + Crimson Clover 6,940±1,539a 391.9±0.9ab 32.0±7a 14.89±0.5bc 200.24±73.93a

Wheat + Crimson Clover 3,879±1,943cde 393.2±0.6a 28.0±1abc 15.53±0.1bc 101.31±57.30cd

Hairy Vetch + Radish 4,463±1,260bcd 358.6±1.9d 24.0±1c 11.14±0.1d 143.34±39.31bc

Wheat + Radish + Turnip 5,737±564abc 365.1±0.7cd 26.0±3bc 13.78±0.1cd 154.66±30.75abc

†The same letter within a column indicates no signi昀椀cant di昀昀erence for a given factor or combination of factors (α = 0.05). Note: C, 
carbon concentration; N, nitrogen concentration; C/N, carbon to nitrogen ratio; TNU, total nitrogen uptake in cover crop biomass. The 

values are means ± standard deviation.



80

UCOWRJournal of Contemporary Water Research & Education

Single and Multispecies Cover Crop E昀昀ects on Corn Production and Economic Returns

and radish (Tables 3 and 4). The average C/N ratio 

of grasses was 33% higher than the average C/N 

ratio obtained in the mix of hairy vetch + radish 

across all environments (Table 4). The comparison 

of noCC plots with treatments was highly variable 

for C/N ratios among environments. For instance, 

noCC had the lowest C/N ratio in environment 1, 

whereas environments 2 and 3 had comparable 

C/N ratios between noCC and CCs. Overall, the 

CC mixtures did not exhibit any improvement over 

CC monocultures for C/N ratio.

Corn Growth, Grain Yield, and Quality 
Plant Height. In environment 1, corn PH was 

8% higher following radish than grasses (wheat 

and cereal rye) (Table 5). Corn following radish 

showed a 6% increase in PH compared to corn 

following crimson clover. No di昀昀erences in PH 
were observed between corn following legumes or 

grasses. The cereal rye + crimson clover CC mixture 

produced stunted corn plants compared to other 

CC monocultures and mixtures. In environment 1, 

corn following CC showed a wide range of PH, 

varying from 217.4 to 242.3 cm. Also, the noCC 

had a comparable e昀昀ect on PH (228.6 cm). Corn 
height in environment 2 had a narrow range (10.1 

cm) of variation among CC treatments. 

Grain Yield. Like PH, yield di昀昀erences among 
treatments were only signi昀椀cant in environment 
1 (Table 3). Cereal rye + crimson clover reduced 

corn grain yield by 24% compared to the noCC. 

Corn yields di昀昀ered by 25.7% among CCs, with 
the highest following radish (11,520 kg ha-1) and 

the lowest following the cereal rye + crimson 

clover mixture (8,561 kg ha-1) (Table 5). The 

CC mixes over the CC monocultures showed no 

improvement in the yield.

Grain Quality. Cover crops a昀昀ected grain quality 
in environments 2 (test weight (TW) and starch 

concentration (SI)) and 3 (Table 3). In environment 

2, the starch concentration was lowest in the cereal 

rye + crimson clover CC mix, which was not 

signi昀椀cantly di昀昀erent from wheat, crimson clover, 
and wheat + radish + turnip (Table 5). Overall, 

the average starch concentration among all three 

environments was within ± 10 of 700 g kg-1, which 

is close to the standard for grain quality analysis 

(U.S. Grain Council 2021). In environment 1, no 

di昀昀erences were observed in corn TW following 
grass, legume, and brassica species. However, 

hairy vetch + radish increased TW by 1.6% than 

monoculture radish (Table 5). Also, TW was 

signi昀椀cantly increased (1.6%) by crimson clover 
+ wheat mixture compared to their monoculture 

stands. Hairy vetch + radish mix showed higher 

TW than other  CC mixes except for crimson 

clover + wheat mix. Overall, environments 1 

and 2 had higher TW in all treatments, including 

noCC, than the standard set for corn grain quality 

(72.08 kg hL-1). Environment 3 showed lower TW 

than the set standard averaging 61.59 kg hL-1. In 

environment 3, corn following cereal rye or hairy 

vetch showed lower SI (35.7g) than other single-

species CC treatments (38.1 g). Further, the study 

did not show any improvements in SI with planting 

multispecies CCs. Unlike TW, corn in environment 

1 had the lowest SI of 30.5 g compared to a ~37 g 

average for the other two environments (Table 5). 

Risk and Pro昀椀t Analysis
The estimated production costs and pro昀椀ts 

for each treatment in each environment are 

summarized in Table 6. Table 7 shows the 

pro昀椀tability ranking of each treatment in each 
environment, while table 8 summarizes the overall 

risk-return combinations for each treatment. The 

noCC showed the highest level of expected pro昀椀ts 
overall ($649.50 ha-1), although it was most 

pro昀椀table only under environment 2 ($746.89 
ha-1), while it showed the third-highest expected 

pro昀椀ts under environments 1 ($769.68 ha-1) and 

3 ($531.99 ha-1). Crimson clover CC showed 

the second highest overall returns at $502.94 

ha-1, ranking second highest for environment 1 

($785.77 ha-1), 昀椀fth for environment 2 ($477.88 
ha-1), and fourth for environment 3 ($347.11 ha-1). 

Radish monoculture showed the third overall 

highest returns at $398.07 ha-1, ranking highest 

in environment 1 with $810.16 ha-1, fourth in 

environment 2 with $563.73 ha-1, and eighth in 

environment 3 with an expected loss of $222.03 

ha-1. Fourth overall was hairy vetch with $368.18 

ha-1 followed by cereal rye with $352.41 ha-1. The 

least pro昀椀table overall, in descending order, were 
wheat with $329.88 ha-1, hairy vetch + radish mix 

with $320.38 ha-1, wheat + radish + turnip mix 

with $316.99 ha-1, cereal rye + crimson clover mix 
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Table 6. The estimated production costs and pro昀椀ts for the cover crop monoculture and mixture treatments in three 
environments.

Cover Crop Treatments Grain Revenue Production Cost Expected Pro昀椀t
Pro昀椀t Standard

Deviation

---------------------------------------- $ ha-1 ----------------------------------------
Environment 1

No Cover Crop 2,489.21 1,719.53 769.68 173.11

Cereal Rye 2,180.73 1,778.24 402.49 153.38

Wheat 2,285.43 1,787.66 497.77 372.82

Crimson Clover 2,532.90 1,747.13 785.77 114.59

Hairy Vetch 2,460.40 1,850.92 609.48 189.07

Radish 2,553.54 1,743.38 810.16 390.33

Cereal Rye + Crimson Clover 1,897.56 1,769.84 127.72 278.84

Wheat + Crimson Clover 2,302.91 1,775.77 527.14 208.35

Hairy Vetch + Radish 2,363.05 1,812.94 550.11 210.57

Wheat + Radish + Turnip 2,196.77 1,795.32 401.45 244.04

Environment 2

No Cover Crop 2,571.56 1,824.67 746.89 103.07

Cereal Rye 2,108.71 1,864.46 244.25 284.82

Wheat 2,194.15 1,877.38 316.77 224.54

Crimson Clover 2,319.87 1,841.99 477.88 264.65

Hairy Vetch 2,346.51 1,946.87 399.65 210.79

Radish 2,405.45 1,841.72 563.73 510.02

Cereal Rye + Crimson Clover 2,182.67 1,859.09 323.57 319.40

Wheat + Crimson Clover 2,469.84 1,876.76 593.08 404.52

Hairy Vetch + Radish 2,550.43 1,917.21 633.22 256.90

Wheat + Radish + Turnip 2,344.45 1,891.17 453.28 280.84

Environment 3

No Cover Crop 2,347.57 1,815.58 531.99 505.10

Cereal Rye 2,424.43 1,857.78 566.64 113.70

Wheat 2,142.28 1,875.30 266.97 714.29

Crimson Clover 2,183.60 1,836.48 347.11 694.13

Hairy Vetch 2,132.61 1,938.17 194.45 594.54

Radish 1,573.56 1,795.59 -222.03 321.41

Cereal Rye + Crimson Clover 2,533.29 1,847.58 685.71 314.75

Wheat + Crimson Clover 1,422.16 1,833.96 -411.80 976.41

Hairy Vetch + Radish 1,603.15 1,867.42 -264.27 695.67

Wheat + Radish + Turnip 2,018.89 1,857.27 161.63 757.97
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Table 7. The pro昀椀tability ranking of the cover crop monoculture and mixture treatments in three environments with 
1 as the most pro昀椀table and 10 as the least pro昀椀table.
Cover Crop Treatments  --------------------------------- Pro昀椀tabilty Ranking ---------------------------------

Environment 1 Environment 2 Environment 3 Overall

No Cover Crop 3 1 3 1

Cereal Rye 8 10 2 5

Wheat 7 9 5 6

Crimson Clover 2 5 4 2

Hairy Vetch 4 7 6 4

Radish 1 4 8 3

Cereal Rye + Crimson Clover 10 8 1 9

Wheat + Crimson Clover 6 3 10 10

Hairy Vetch + Radish 5 2 9 7

Wheat + Radish + Turnip 9 6 7 8

Table 8. The overall risk-return combinations for cover crop monoculture and mixture treatments.

Cover Crop Treatments Average Pro昀椀t 
Pro昀椀t 

di昀昀erence‡ 

Risk-return 
equivalent†† 

Risk-adjusted 
Compensation† 

 ------------------------------------- $ ha-1 -------------------------------------
No Cover Crop 649.50 - 649.50 -

Cereal Rye 352.41 -297.09 495.47 143.06

Wheat 329.88 -319.62 955.85 625.97

Crimson Clover 502.94 -146.56 910.20 407.26

Hairy Vetch 368.18 -281.32 805.56 437.38

Radish 398.07 -251.44 1,239.29 841.22

Cereal Rye + Crimson Clover 316.35 -333.16 820.48 504.14

Wheat + Crimson Clover 205.10 -444.41 1,601.43 1,396.33

Hairy Vetch + Radish 320.38 -329.12 1,177.42 857.04

Wheat + Radish +Turnip 316.99 -332.51 905.04 588.05

All Cover Crops 345.82 -303.68 1,010.56 664.74

Cover Crop Monocultures 390.82 -258.69 890.77 499.96

Cover Crop Mixtures 287.82 -361.68 1,143.84 856.01

‡Pro昀椀t di昀昀erence = (Average pro昀椀t from cover crop treatment) - (Average pro昀椀t from no cover crop treatment).
†Risk-adjusted compensation = risk-return equivalent - average pro昀椀t.
††Risk-return equivalent indicates the returns that a cover crop treatment needs to show to be equivalent to the no 

cover crop treatment which o昀昀ers the best risk-return ratio.
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at $316.35 ha-1, and wheat + crimson clover mix at 

$205.10 ha-1.

The results were highly variable depending 

on the agro-climatic conditions of the site. This 

fact indicated that a “one size 昀椀ts all” approach 
is inadequate to make CC decisions and expected 

returns should not be the only factor to be considered 

to make the optimal choice of CC species or mix 

of species. The variability of expected returns, 

which provides a measure of risk, should also be 

considered in the decision. 

Table 6 and Figure 2 show the implicit trade-

o昀昀s between expected returns and their variability. 
This is an important insight to consider when 

crafting incentives for farmers to adopt CCs and 

any associated policies. As a group, single-species 

treatments produced higher returns and lower 

return variability than mixed species treatments. 

This implies that incentive programs aiming at 

encouraging multi-species CCs should provide 

larger payments than those for single-species 

programs. Indeed, the Environmental Quality 

Incentives Program (EQIP) in MS (program code 

340) o昀昀ers a larger incentive for multi-species CCs 
($157.70 ha-1) than single-species CCs ($128.92 

ha-1), with contracts that can extend up to 昀椀ve 
years. However, our estimates show that these 

incentives cover less than half the expected losses 

with respect to the noCC scenario—and even a 

lower proportion of the risk-return equivalents.

Discussion

The study supported the hypothesis that CC 

performance and consequent bene昀椀ts on corn 
growth, yield, and quality were highly regulated 

by environmental factors such as precipitation and 

temperature. The average monthly temperatures, 

solar radiations, and total precipitation recorded 

during the study period followed the annual patterns 

of long-term historical data (1989-2018) recorded 

by the National Weather Services for MS (https://

www.weather.gov/wrh/Climate?wfo=jan). Yang et 

al. (2020) reported ~60% of annual precipitation 

accumulated during the o昀昀season (October to 
April) for 80 consecutive years (1938-2017) in 

MS, while a lower proportion of the annual rainfall 

accumulated during the cash crop season, similar 

with the yearly trends for precipitation reported 

in the present study. Yang et al. (2020) also 

classi昀椀ed the historical 80-year rainfall pattern 
accumulated in the CC growth period (October to 

April) into three groups, dry (mean = 540 mm), 

normal (mean = 771 mm), and wet (mean = 1,029 

mm). Likewise, the rainfall accumulated during 

the CC period in the present study was highly 
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Figure 2. Illustration of farm pro昀椀ts compared to their variability across cover crop monocultures and mixture 
treatments. Notice: Cereal rye-crimson clover mixture is risk-reducing when compared to the no-cover crop treatment.

https://www.weather.gov/wrh/Climate?wfo=jan
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variable across the three environments compared 

to temperature and solar radiation. The CCs season 

from October to April accumulated 1,157 mm, 795 

mm, and 677 mm rainfall in environments 1, 2, 

and 3, respectively. Cover crops are considered a 

potential tool for improving soil water dynamics by 

reducing runo昀昀 and subsequently improving soil 
water storage, thus mitigating the impact of rainfall 

variability on following crop yield (Yang et al. 

2020). However, Yang et al. (2020) concluded that 

coe昀케cient of variation in corn yields substantially 
decreases from dry to wet CC periods. Signi昀椀cant 
improvement in corn yields by CC than noCC 

treatment was observed only in the dry group that 

accumulated mean rainfall ≤ 540 mm (Yang et al. 
2020). In the present study, rainfall accumulation 

during the CC period in all three environments was 

> 540 mm. Hence, the low coe昀케cient of variation 
in corn yields under high rainfall conditions during 

the CC seasons in the present study might have 

attributed to no di昀昀erence in corn yield between 
noCC and CC treatments in all three environments. 

Similarly, other studies have correlated the rainfall 

amount and CC e昀케ciency in water conservation to 
improve subsequent cash crop yield (Qi et al. 2011; 

Martinez-Feria et al. 2016). However, previous 

studies have mostly simulated the impact of CCs 

on soil nutrients, water dynamics, and subsequent 

cash crop productivity using only one type of CC 

species (Qi et al. 2011; Martinez-Feria et al. 2016; 

Yang et al. 2020). The present study is unique 

in that it quanti昀椀ed the impact of di昀昀erent CC 
species on subsequent cash crops across di昀昀erent 
rainfall patterns. This study has also recognized 

the degrees of phenotypic plasticity among CC 

species to changing weather patterns. In the present 

study, di昀昀erential rainfall accumulation during 
CC season (October to April) among the three 

environments might have contributed to variable 

biomass, C and N concentration, C/N ratio, and 

Total N among treatments. High rainfall during CC 

season in environment 1 resulted in lower biomass 

production (hairy vetch and crimson clover) in 

legumes possibly due to poor stand establishment 

and root growth, and consequently, lower N and 

TN which were not statistically di昀昀erent from 
noCC. Legumes under low rainfall scenarios in 

environment 3 had signi昀椀cantly higher N and 
TN than noCC. A controlled environment study 

conducted by Munyon et al. (2021) reported that 

specie-speci昀椀c changes in CC performance to 
environmental challenges like temperature and 

drought are likely associated with changes in 

biochemical and physiological processes. The 

present study proposes future studies to intensively 

investigate phenotypic plasticity of CCs in relation 

to dynamic weather patterns to determine site-

speci昀椀c suitability of CC species.
Drought and excessive rainfall are the second 

most in昀氀uential cause of loss in corn production 
in the U.S., however, the impact can vary with the 

time of their occurrence relative to the corn growth 

stage (Li et al. 2019). Rainfall received during 

the cropping season (May to September) was not 

di昀昀erent (± 40 mm) among the three environments 
(averaging 830 mm) but the high variability 

in monthly total precipitation recorded in corn 

cropping season, especially July, might have 

played a signi昀椀cant role in the di昀昀erential response 
of corn to CCs among the three environments. The 

rainfall received in July was lowest in environment 

1 (164 mm) and highest in environment 2 (300 

mm), although average air temperature was not 

very di昀昀erent (< 1oC). Environment 2 received 

greater rainfall during the peak growing period 

in July, when the corn is usually at tasselling and 

silking stages (R1 growth stage), than the other 

two environments, which might have resulted in 

higher corn yield in environment 2 (averaging 

10,599 kg ha-1). Consistent with the present study, 

the e昀昀ects of mean precipitation in July positively 
impacted corn yield across several locations in 

the U.S. (Thomson 1969; Asghari and Hanson 

1984). According to the model developed from 

25 years of historical data by USDA’s Economic 

Research Service (ERS), a decline in corn yield 

below the 25-year average with reductions in 

July precipitation exceeded yield gain above 

averages from equal magnitudes of increase in July 

precipitation (Westcott and Jewison 2013). The 

average high precipitation in July can also alleviate 

the determinant e昀昀ect of high temperatures on corn 
yield (Hendrick and Scholl 1943; Gilmore and 

Rogers 1958), perhaps primarily because of the 

higher water use e昀케ciency of corn in wet summers 
compared to normal or dry summers (Yang et al. 

2020). The recommended rate of N application 

may not be economically signi昀椀cant to increase 
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grain yield under rainfall de昀椀cit conditions in July 
(Pattey et al. 2001). Corn grain quality parameters 

had di昀昀erential sensitivity to weather patterns 
in the present study. Like previous studies, this 

study proposes a weather component inclusion 

in process-based models to accurately access CC 

bene昀椀ts and subsequent growth of corn (Pattey et 
al. 2001; Munyon et al. 2021).

 The present study also recognized the innate 

di昀昀erences among CCs based on their growth 
characteristics and bene昀椀ts to the following corn 
crop. Consistent with past studies, our study found 

greater biomass and C/N ratios with monoculture 

of grasses (wheat or cereal rye) compared to the 

monoculture of legumes (crimson clover or hairy 

vetch) (Kaye et al. 2019; Munyon et al. 2021). 

Also, radish planted as a monoculture CC exhibited 

higher biomass but a lower C/N ratio than legume 

monoculture in two out of the three environments. 

Overall, radish outperformed among CCs and 

bene昀椀ts corn yield in a monoculture stand. A CC 
mix could be more bene昀椀cial than single-species 
CCs in balancing early cover and N scavenging 

along with fast decomposition of residues and N 

availability to cash crop (Finney et al. 2016; White 

et al. 2017). The present study also recognized 

the weather in昀氀uence on functionality of di昀昀erent 
CCs within same groups, rarely studied in the past. 

For instance, hairy vetch had a ~20% greater N 

concentration than crimson clover in environment 

3, while no signi昀椀cant di昀昀erence was found 
between them in the other two environments. 

The addition of turnip to a mixture of wheat and 

radish did not signi昀椀cantly improve the parameters 
measured. Therefore, future studies should explore 

the signi昀椀cance of CC mixes consisting of di昀昀erent 
species as high-diversity mixtures are used more 

often by farmers (Hamilton 2016).

Economic analysis at this early stage indicates 

that farmers looking to adopt CC practices should 

expect both 昀椀nancial losses and increased risks 
in almost every case. Although the long-term 

bene昀椀ts of CCs are well documented (Qi et al. 
2011; Martinez-Feria et al. 2016; Sanchez 2016), 

the outcomes of the 昀椀rst few years can strongly 
encourage or discourage farmers to continue 

their programs. Consequently, our data suggest 

that existing incentive programs compensate for 

approximately half of the expected losses during 

the earlier stages of adoption. Furthermore, our 

estimates provide a range of incentive values that 

could induce adoption of CCs at a faster rate by 

minimizing farmer concerns about expected losses 

and increased risks.

Conclusion

The present study provided information on 

the bene昀椀ts of growing winter CCs during a 
fallow period in MS’s continuous corn production 

system. The CC species had innate di昀昀erences 
in growth characteristics (biomass, C/N ratios, 

total N) and subsequently a昀昀ected corn growth, 
yield, and quality. However, the functionality of 

CC treatments was highly in昀氀uenced by weather 
patterns among the three environments. Mixed CC 

treatments exhibited balanced N scavenging and N 

credits but less stable returns than single-species 

treatments. The information will be helpful to 

farmers for the selection of species in a CC mix to 

balance biomass, N scavenging, and N availability 

to the following corn crop under variable rainfall 

patterns. The study also proposes future studies to 

explore resilience in the functionality of a high-

diversity mixture under diverse weather conditions.
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Table S1. Soil properties at the three sites used in this study.

Soil Properties Units

Environment 1 Environment 2 Environment 3

Stoneville Stoneville Starkville

Fall 2019 Fall 2020 Fall 2020

Cation Exchange Capacity cmol (+) kg-1 9.13 7.76 7.79

pH
s

6.57 6.23 6.25

Organic Matter g kg-1 8.6 9.3 7.7

Bulk Density g cm-3 1.38 1.37 1.46

Nitrogen Release kg ha-1 37.26 40.35 35.02

NH
4
-N mg kg-1 5.2875 5.5875 5.475

NO
3
-N mg kg-1 <0.5 1.37 1.4

Bray I Phosphorus mg kg-1 16.375 18.625 61.25

Phosphorus* mg kg-1 17.13 20.88 40.5

Potassium* mg kg-1 106.38 102.75 143.38

Calcium* mg kg-1 1166.88 971 928

Magnesium*  mg kg-1 222.5 158.13 169.5

Sulphur* mg kg-1 9.125 4.25 4.25

Boron* mg kg-1 0.25 0.23 <0.2

Sodium* mg kg-1 37.5 17.13 10.88

Aluminium* mg kg-1 322.75 311.63 298.75

Iron* mg kg-1 145.5 155.13 208.75

Manganese* mg kg-1 23 23.13 27.13

Copper* mg kg-1 1.27 0.96 0.94

Zinc* mg kg-1 1.53 1.06 1.18

*Mehlich III extractable


