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ARTICLE INFO ABSTRACT
Keywords: Background: The use of hairy vetch (Vicia villosa Roth.) as cover crop is increasing worldwide.
Yield

Hairy vetch can contribute as a nitrogen (N) source with potential to impact subsequent high N

Cover crop demanding cereals such as maize (Zea mays L.). Contrasting literature results emphasize the need
Vicia villosa Roth. . . . . . . .
Zea mays 1 for a global synthesis analysis to quantify changes in maize yield after hairy vetch.

Objectives: A meta-analysis was conducted to i) quantify maize yield response to hairy vetch as
previous crop, ii) explore hairy vetch influence on fertilized and non-N fertilized maize yields, and
iii) assess the tillage and environment factors on maize yield response to hairy vetch.

Methods: The global systematic search yielded 23 publications selected by the following criteria, i)
hairy vetch dry matter at the end of the season, ii) maize grain yield, and iii) experimental design
with (Mzyy) and without (Mz¢onerol) hairy vetch treatments. Information such as N fertilization for
maize, N accumulation in hairy vetch, organic matter, and tillage before maize sowing were
recorded. Hairy vetch effects (effect size) were expressed as a ratio (percentage of grain yield
variation in Mzhy/MZcontrol)-

Results: Under non-N fertilization (n = 9), results revealed hairy vetch had mostly a positive ef-
fect, ranging from 13 to 45% (n = 6). In contrast, N-fertilized maize (n = 20) showed a high
chance of neutral effects (n = 12), moderate probability of positive yield impact (7 to 38%, n =
6), and a low likelihood of negative effects (—32 and —17%, n = 2). Notably, maize yields
improved by 21-25% when the N accumulation in hairy vetch ranged from 95 to 150 kg ha™! and
N rate from 0 to 120 kg ha~!. Non-N-fertilized maize exhibited a 14% increase in response in no-
till systems and a 31% increase with conventional tillage.

Conclusion: This study summarizes potential benefits of hairy vetch preceding maize. Yet, the
heterogeneous outcomes deserve further exploration in terms of environment and management
factors.
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1. Introduction

Crop diversification has decreased over time with the focus on obtaining short-term effect of high yields, but with fewer crops per
year [1]. More recently [2], reported that increasing landcover diversity is linked to yield increases for major crop yields. In addition to
the problem of low crop diversification, the increase in the number of crops per year, herein termed as intensification, should be
considered to increase production with limited agricultural land area [3]. Altogether crop diversification and intensification are major
challenges to maintain food production for the overgrowing population. From a soil-plant system standpoint, less diversified and
intensified farming systems will present challenges linked to i) reduced contribution of plant residues, ii) negative nutrient budgets [4,
5], iii) increased dependency to fertilization (mainly nitrogen -N- fertilizers), and iv) the use of inputs to sustain productivity [6].
Among the consequences of these simplified cropping systems, the decrease in soil N availability is especially important as increases
the demand of N fertilizers, reaching 112.4 million tons in 2020, being 11% more than in 2010 [7]. Increasing the effective use of N
fertilizer, and consequently reducing N losses, mitigating the impact of agriculture on our environment is of primary importance [8]. In
this context, conservation agriculture aims to reduce the overall decline in environmental quality and to improve the soil nutrient
balance [9-11].

The adoption of cover crops has increased over time. In North America, farmers reported sowing 15.4 million acres of cover crops in
2017, a 50% increase compared to the 10.3 million acres reported in 2012 [12]. Similarly, in Argentina, the cover crop adoption rate
by farmers increased from 4% to 19% during the period 2014-2020 sowing 352,000 ha nationwide in 2020 [13]. The inclusion of
cover crops is one of the most promising avenues for conservation management with a focus on improving carbon (C) cycling and N
dynamics in our less diversified farming systems [14-17]. Cover crops are grown between two cash crops to capture available re-
sources (such as water, radiation, and nutrients) during this period [18]. Other benefits related to cover crops include the intensifi-
cation of the agricultural system (adopting more than one crop per year), and the contribution of N from leguminous cover crops via
biological N fixation [19]. After cover crops are terminated, the N derived from crop residues can be utilized by the following cash crop
via the decomposition of N-rich tissues [14,20], pointing cover crops as an alternative to replace or reduce the use of N fertilizers [21].
Although several studies reported benefits of employing cover crops in agricultural systems [17,22,23], farmers expressed dissimilar
responses regarding the capability of cover crops to reduce the N fertilizer requirements [24-26]. Therefore, additional research on
this topic is required to provide useful and actionable information to farmers on the potential benefits of cover crop inclusion.

In conservation agriculture, the use of hairy vetch (Vicia villosa Roth.) as cover crop is increasing [27], especially in humid to
sub-humid regions. Hairy vetch is a good option as a cover crop due to i) high biomass production (in the order of 4-5 Mg ha™!, [28]),
ii) low C/N ratio (<25/1) of its residues, which facilitates net mineralization [29], and iii) ability to fix atmospheric N, which on
average represents 60% of the total accumulated N [30]. Furthermore, hairy vetch biomass N content increases proportionally with
biomass growth, resulting in an increased N contribution to subsequent cash crops [31,32]. These benefits are especially relevant for
high N input requirement crops such as maize (Zea Mays L.) [33], heavily dependent on N fertilization [6]. Numerous studies have
examined the yield effect of the inclusion of legumes as cover crops before maize [34-37], however no consistent effect was deter-
mined. Ref. [37] reported greater maize yields when employing hairy vetch as cover crop. Similarly [38], obtained maize yield in-
crease with hairy vetch predecessor and low fertilizer N rates (0-60 kg ha’l). On the other side, several other studies reported lack of
effect or even a decrease in maize yield following hairy vetch [34-36]. These inconsistent results highlight the need for a more global
synthesis analysis to quantify changes in maize yield after hairy vetch as a winter cover crop.

Meta-analysis allows testing hypotheses that cannot be answered by a single study [39]. Unlike other systematic reviews, it
summarizes quantitative evidence of several experiments to obtain estimates, considering error sources [40]. Meta-analytic estimates
often have the necessary statistical power to verify the significance of an effect when it is not possible in primary studies, especially
when the effect is small [41]. Refs. [39,42] evaluated the effects of legume cover crops on maize yield in the United States and Canada,
reporting a positive yield impact under lack of N fertilization. Ref. [43] demonstrated that legume cover crops improved the yield of
the main crops, including maize, sorghum (Sorghum bicolor L. Moench), and rice (Oryza sativa L.). In addition, these yield advantages
diminish with increasing rates of N fertilizers and in low-yield environments. Although, previous systematic reviews have pointed out
cover crop benefits on successor crop yields utilizing meta-analytic methods, a crop-specific synthesis-analysis of hairy vetch inclusion
as a cover crop on successor maize yield has not been reported yet.

This research hypothesized that there is an overall positive maize yield response to hairy vetch and performed a meta-analysis with
the main goal of better understanding the impact of including hairy vetch in the rotation as maize predecessor. The specific objectives
of this study are to i) quantify maize yield response with hairy vetch as previous crop, ii) assess hairy vetch influence on the yield of
fertilized and non-N fertilized maize, and iii) explore the impact of tillage and environment factors on maize yield response to hairy
vetch.

2. Material and methods
2.1. Data collection

A literature search was performed employing the scientific databases “Web of Science” (https://www.webofscience.com) and
“Scopus” (https://www.scopus.com). The dataset used in this meta-analysis is part of a larger search and crop data collection that
includes hairy vetch and numerous cash crops, where the dataset only corresponding to maize was selected for this study. The
following search equation was applied to the title, abstract, and keywords of the publications: (“Hairy vetch” OR “Vicia villosa” OR
“cover crop” OR “service crop”) AND (“biomass” OR “yield”) AND (“cereal” OR “legume” OR “crop” OR “soybeans” OR “maize” OR
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“corn” OR “sorghum”). The term “corn” was included in the search due to extensive use, however “maize” is used in this study to refer
to Zea mays L. Keywords “cover crop” and “service crop” allowed to include publications that did not mention “Hairy vetch” or “Vicia
villosa” in title, abstracts and keywords, but did include them in full text. The search was also constrained by journal articles and
limited to agronomy, crops, and environmental sciences. The reference equation was checked in previous meta-analyses on the topic
[39,42,44].

2.2. Eligibility criteria

The selection process was carried out using the R package revtools [45] in R software [46]. 5262 studies published between 1965
and September 2022 were identified from the databases (Fig. 1). The first step was to filter duplicated studies, resulting in the exclusion
of 1445 articles. To keep relevant publications, the second step involved a title screening, wherein titles meeting the search keywords
were selected, leading to the exclusion of 3090 studies. The third step was to filter by abstract, manuscripts had to meet at least one
eligibility criteria, i) hairy vetch biomass production at the end of the season (absolute values), ii) maize grain yield (absolute values),
and iii) report a treatment with hairy vetch and a control treatment without hairy vetch in the experimental design. A total of 607
papers were removed by this step. Finally, publications were manually selected based on their full text, retaining only the maize studies
(excluding 78 articles) and those meeting all the eligibility criteria (excluding a further 19 articles). In October 2022, 23 papers were
retained in this last screening.

The study selection method involved the review of titles and abstracts by one review author, MPR. If necessary, inconsistencies
were discussed until a consensus was reached with the other authors, including JV, AJPC, AAC, and IAC. Two review authors, MPR and
JV, then independently selected full-text articles for inclusion. In case of disagreement, a consensus on inclusion or exclusion was
reached through discussion, and if necessary, a third author, IAC, was consulted.

A step of data filtering, and quality check was executed. A model was fitted considering all observations (n = 147) of 23 selected
articles. First, a sensitivity analysis carried out using the leavelout function from the R package metafor, showed that a few obser-
vations introduced undesirable residual heterogeneity into this model [47] (Fig. S1). Secondly, an inspection of Cook distances and hat

5 Records identified from: Records removed before screening:
= Databases .
® Duplicate records removed (n = 1445)
o - Scopus (n =2999) N
= . —> Records marked as ineligible by
= - Web of Science (n = 2263) automation tools (0)
7} TOTAL: 5262
k=4 o 6 Records removed for other reasons (0)
) i
Title records screened Title records excluded
(n=23817) ’ (n =3090)
Abstract records screened Abstract records excluded
—
2 | =72D) (n=607)
]
Q
: !
o
(7]
Full-text articles assessed for eligibility Full-text articles excluded:
(n=120) —> No eligibility criteria (e.g. Control
treatment, Hairy vetch biomass data)
(n=9)
No error measurements (n = 10)
Other grain crops (n = 78)
— TOTAL: 97
M
3
3 Studies included in review
Té (n=23)

Fig. 1. Flow diagram describing the number of papers collected and various stages of filtering and selection.



M.P. Rodriguez et al. Heliyon 9 (2023) e22621

values revealed that those similar observations presented high values, outliers, and leverage points. Lastly, when revising the original
source (paper), those observations within each publication reported crop failure, confounding the effect of the cover crop on maize
yields were deleted (one observation from Ref. [48] and one observation from Ref. [49]). Other studies [50,51] showed a residual
heterogeneity but were not excluded as they did not report in the published manuscript any experimental problems. Finally, the total
count remained at 23, as there was no need to completely exclude any publication, and the total number of observations was 145
(Fig. 1). All selected experiments were performed under field conditions. Table 1 describes the main characteristics of these studies.

2.3. Data extraction

For each selected publication, maize yield means, error measurements, and the number of repetitions were extracted to calculate
the effect sizes. Error measures such as standard error (SE), confidence intervals (CI), coefficient of variation (CV), and mean squared
error (MSE) were transformed to standard deviation (SD) [40]. The MSE estimates from balanced studies reporting means and post hoc
letter results were obtained using the MSE FindR web application [52]. Additional information such as hairy vetch N content, N

Table 1
Description of the publications selected for the analysis. The ID refers to an identification number, citation include the first author and year of

publication, year of study refers to the range of years when the experiment took place.

D Citation Country Year of N rate Experimental design Main topics -keywords
study kg ha™!
1 Carciochi et al., Argentina 2021 0; 50; 100; Split split plot in randomized Cover crop effect in N management and maize
2021a 200 complete block yield.
N diagnostics methods
2 Carciochi et al., Argentina 2017-2018 0; 150 Split plot in randomized Sulfate, Nitrate, Chlorophyll meter reading,
2021b complete block Oat, Hairy vetch
3 Spargo et al., 2016 USA 2009-2010 0; 45; 90; Split plot Organic amendments, Cover crop effect, N
180; 270 dynamics
4 Drinkwater et al., USA 1993-1994 224 Randomized complete block Mixed-tillage rotations, nitrogen
2000 mineralization, organic agriculture, vetch
5 Rosa et al., 2021 USA 2016-2018 40; 47; 106; Randomized complete block Cover crops, maize, soil water, weed
125 suppression
6 Pott et al., 2021 Brazil 2014-2016 0; 60; 120; Factorial in randomized Vicia villosa effect, maize N uptake, yielding
180; 240 complete block environments
7 Wittwer and Switzerland ~ 2012-2015 45; 90 Strip split plot Cover crops for ecological intensification.
Heijden, 2020 Drone imagery
8 Power et al., 1991 USA 1982-1984 0; 62 Randomized complete block Dryland maize production. Hairy vetch impact
on N and soil water content
9 Decker et al., 1994 USA 1986-1988 0; 45; 135; Split plot in randomized Legume cover crop effect. No till maize. Soil
202 complete block water content. N rate
10  Crespo et al., 2022 Argentina 2013-2015 0; 120 Split split plot in randomized Cover crops, maize nitrogen nutrition, water
complete block availability, termination date
11  Bracey et al., 2022 USA 2017-2019 a Randomized complete block Integrated cropping system. Soil nutrients.
Cover crops dual-use
12 Dozier et al., 2017 USA 2013-2015 190 Split split plot Tillage, cover crop effect. Soil properties. Crop
Latin square production
13  Starovoytov et al., USA 2008 - Split plot in randomized Nutrient pollution. Straw residue. Vetch N
2010 complete block retention.
Maize cropping systems
14  Pittmanetal., 2020 USA 2016-2017 135 Split split plot in randomized Cover crop residue. Weed suppression effect.
complete block Maize and soybean
15  Singh et al., 2022 USA 2016-2019 222 Split plot in randomized Cover crops. Landscape position. Maize -
complete block soybean production
16  Parretal, 2011 USA 2009-2010 - Split plot in randomized Nitrogen dynamics. Cover crops effect on
complete block maize. Termination date
17  Koger and Reddy, USA 2002-2003 202 Split split plot in randomized Economic analysis, weed control. Cover crops.
2008 complete block Integrated weed management
18  Bollero and USA 1991-1992 0; 90; 180; Split split split plot in Cropping systems. Cover crops feasibility.
Bullock, 1994 270 randomized complete block Planting date, tillage. Sorghum, maize
19  Severinietal.,, 2021  Italy 2017-2018 40 Factorial in randomized Cover crops economic viability. Organic
complete block farming. Nitrogen availability
20  Reddy and Koger, USA 2002-2003 202 Split plot in randomized Live and killed hairy vetch. Weed control.
2004 complete block Maize yield
21 Yenish et al., 1996 USA 1992-1993 65; 70; 76 Split plot in randomized Cover crops effect on Weed control.
complete block Termination method. No-till corn
22 Huntington et al., USA 1982 100 Split plot in Randomized Cover crop N supply. No till maize. Demand -
1985 complete block supply synchronization
23  Vaughan et al,, USA 1995-1996 0; 75; 150; Split split plot in randomized Tillage system. Cover crop N availability. Maize
2000 225; 300 complete block yield

@ Nitrogen (N) application reported. N rate not specified.
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fertilization on maize, tillage, coordinates, sowing and termination date of hairy vetch, sowing and harvest date of maize was recorded.
The data presented as figures was extracted employing the R package juicr [53]. Two review authors (MPR and JV) extracted the data,
performed necessary transformations, and any discrepancies were resolved by discussion.

The variables of interest are reported in Table 2. Descriptive statistics such as mean, minimum and maximum were calculated for
each variable of interest. ID numbers 1, 7, 12, 14, 17, 20, and 23 indicated a split-plot arrangement with hairy vetch treatment as main
plot (Table 1). Therefore, the mean, minimum, and maximum of hairy vetch biomass in these studies showed the same value.

2.4. Calculations

Maize yield response to hairy vetch as a previous cover crop was calculated as the natural logarithm of the response ratio between
maize yield treatment with hairy vetch as predecessor (Mzy,) and maize yield without hairy vetch as predecessor (Mzcontrol) [Eq. (1)].
The natural logarithm is used since it linearizes the metric, treating deviations in the numerator the same as deviations in the de-
nominator. The log ratio is affected equally by changes in either numerator or denominator. Furthermore, the distribution of the
natural logarithm of the response ratio is much more normal in small samples than that of the response ratio [40]. The response ratio
(RR) was expressed as a percentage of change [Eq. (2)] to facilitate interpretation.

Xy =In(RR) =In (fM—> 111
XMzcontrol
Effect size(%) = RR(%) = [exp™® —1] * 100 [2]

where x;(;) is the natural logarithm of hairy vetch effect size for the i th observation within the j th study. X is the mean maize grain yield,
Mz, is maize yield treatment with hairy vetch and M2,y is maize yield treatment without hairy vetch as prior cover crop. Effect sizes
were weighted (Wj;)) according to [Eq. (4)], which is the inverse of the pooled sampling variance vy;, [Eq. (3)] between the two groups,

as follows:

— 2 — 2
Ny, X (xMzm-) MMz it X (leunmml)

vig) =

1
W,‘ By = 4
v Vi() 4

Table 2

Summary descriptive for each study of the mean maize grain yield after hairy vetch (Mz,), control without hairy vetch (Mzontro1), hairy vetch dry
matter (DM), and hairy vetch nitrogen content (N); ID refers to a study identification number, n° is the number of observations, sd corresponds to the
mean of the standard deviation of each observation, Min and Max are the minimum and maximum maize yield and hairy vetch dry matter values
reported for each study. Maize yield values refer to the mean considering N fertilized and non-N fertilized maize.

Maize Hairy vetch
D n° Mzpy sdpy Mingy Maxhy MZcontrol sdcontrol Mincontrol MaXcontrol DM Min Max N
Mg ha™! Mg ha~! Mg ha™! kg ha™?
1 4 10.4 0.7 8.5 11.6 9.8 0.9 7.5 11.6 2.5 2.5 2.5 69
2 12 8.5 0.8 5.7 10.4 7.3 0.5 4.6 9.7 3.6 2.7 5.1 126
3 10 11.7 0.8 7.7 14.4 11.0 1.2 7.3 13.1 3.1 1.6 4.6 107
4 8.5 0.5 7.9 9.1 8.6 0.3 8.6 8.6 3.1 29 3.3 150
5 1 7.2 1.0 7.2 7.2 8.7 0.4 8.7 8.7 0.8 0.8 0.8 -
6 12.9 0.5 11.8 13.7 12.0 0.5 10.7 13.1 5.0 4.8 5.3 207
7 12 9.5 0.9 8.0 11.3 8.0 1.0 6.3 10.0 3.3 3.3 3.3 142
8 12 2.2 0.4 0.3 6.3 2.7 0.4 1.0 5.9 0.8 0.5 1.4 41
9 7 7.9 1.2 6.3 9.2 6.8 1.0 4.7 7.9 4.0 2.7 7.2 152
10 12 8.8 0.5 7.7 10.4 7.9 0.6 6.7 9.5 2.2 0.6 3.7 73
11 1 11.5 2.5 11.5 11.5 1.5 2.5 11.5 11.5 1.8 1.8 1.8 51
12 3 11.8 4.7 11.7 11.9 12.0 4.7 11.4 12.5 0.2 0.2 0.2 -
13 1 8.5 1.4 8.5 8.5 7.8 2.2 7.8 7.8 4.3 4.3 4.3 160
14 2 1.7 1.1 1.4 2.1 1.3 1.1 0.8 1.8 3.7 3.7 3.7 146
15 3 9.3 4.9 7.2 10.7 8.3 1.2 7.3 9.8 2.7 1.9 3.4 57
16 28 4.0 1.2 0.8 8.5 3.9 1.2 1.1 6.2 4.7 2.2 6.6 155
17 3 10.8 0.6 10.4 11.4 9.0 0.6 9.0 9.0 2.3 2.3 2.3 -
18 2 7.3 0.5 6.8 7.8 6.9 0.5 6.7 7.1 2.2 1.9 2.6 101
19 7 2.8 0.9 1.7 4.2 4.0 0.9 2.3 5.2 6.1 4.4 8.3 223
20 9 9.6 0.9 7.5 11.8 10 0.9 7.0 12.1 2.3 2.3 2.3 -
21 1 2.5 1.7 2.5 2.5 29 1.7 2.9 2.9 2.2 2.2 2.2 -
22 1 9.1 0.8 9.1 9.1 6.6 0.8 6.6 6.6 3.2 3.2 3.2 125
23 4 10.6 1.6 8.5 11.5 7.8 1.6 6.4 9.1 5.6 5.6 5.6 234




M.P. Rodriguez et al. Heliyon 9 (2023) e22621

where SD is standard deviation of each observation, and n indicates the number of observations of each study for the maize yield
preceded by hairy vetch (nMzp,) and maize yield not preceded by hairy vetch (nMzonro1) groups, respectively. Then, observations
outcomes (i) were grouped at study level (j).

2.5. Data analysis

The effect sizes were estimated using random-effects model analysis in R package metafor [47]. The meta-analytic model attributes
a weight [Eq. (4)] to each study, which is a measure of statistical precision that increases with less variance [40]. Heterogeneity across
studies that cannot be attributed to experimental error was represented by I statistic [54]. When the heterogeneity between studies
was greater than 75%, mixed effects models were analyzed to further explore variability drivers, employing moderator variables [55].
Egger’s test [56] and funnel plot [47] were used to assess publication bias in the meta-analyses. Bias assessment was carried out by one
review author, MPR, and any discrepancies were resolved by discussion to reach consensus between the review authors. Forest plots
and scatter plots were created to provide a graphical overview of the analyzed data [47].

The following meta-analytical estimations were carried out; firstly, an overall analysis of hairy vetch effect size was performed
without differentiating N fertilizer rates on maize. Secondly, a categorical division was formed diving the total of observations into two
maize N fertilization subgroups, i) without N fertilization (60 observations collected from 9 articles), and ii) with N fertilization (88
observations collected from 20 articles). Nitrogen fertilization corresponds to average levels of 130 kg ha~! with a range from 40 to
270 kg ha™l. A random effects model was fitted for each N fertilization subgroup separately. Third, within each N fertilization sub-
group an ANOVA using the anova.rma function was conducted entering two categorical variables as moderators i) no-tillage and ii)
conventional tillage before maize sowing.

Meta-regression analyses were performed including continuous variables as moderators within each N fertilization subset. Fallow
length (days) was included as a management variable. Accumulated rainfall (mm) 60 days before and 60 days after maize sowing, sand

RE Model (Q = 92, df = 22, p = 0.03, 1> = 81%)

ID Weight Estimate[95%CI]
19 P 0% -32[-53, -1]
8 f 1 1% -19[-48, 25]
5 = 1% -17[-28, -5]
21 f { 0% -13[-55, 69]
20 = 2% -2[-12, 8]
4 - 8% -1[-7, 9]
12 f ! 0% -1[-33, 46]
11 P 0% O0[-22, 28]
16 f { 0% 6[-23, 44]
18 H—— 2% 6[-3, 17]
3 e ! 27% 6[-2, 19]
1 —m—] 5% 8[-1, 17]
6 & 3 11% 8[ 3, 13]
13 P 1% 9[-7, 29]
10 ] 5% 11[ 4, 19]
15 [ ! 0% 12[-16, 50]
2 —a— 6% 17[ 3, 32]
9 e 1% 17[-2, 39]
Fé —a— 18% 20[ 7, 34]
17 - 6% 21[14, 28]
23 e 1% 37[16, 62]
22 —a— 3% 38[26, 51]
14 f - 0% 42[-27,177]
. 100% 10[ 1, 20]
T T T \
-100 -50 0 50 100

Hairy vetch effect (%)

Fig. 2. Forest plot summarizing the effect of hairy vetch as previous cover crop on maize (Mz) yield. ID refers to a study identification number.
Effect sizes and 95% confidence intervals (CI) are expressed as a hairy vetch (hv) effect ratio (percentage of grain yield variation in Mzyy/MZcontrol)-
Square symbols represent point estimates and whiskers depict their respective 95% CI. The weight of each study is expressed as a percentage of the
overall model and illustrated by the size of box and the thickness of whiskers. RE = random effects model, Q = Cochran’s Q test statistic; P=I
square statistic.
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(g kg™, and clay (g kg™1) at 0-5 and 5-15 cm depth were included as environmental and soil variables. The data on rainfall and soil
characteristics were not provided by all the selected studies. Therefore, soilDB [57] and chirps package [58] were used to obtain clay,
sand, and rainfall data to perform the analyses.

Finally, a case study was carried out to analyze the interaction among three variables i) organic matter content, ii) fertilizer N rates
on maize, and iii) N accumulation in hairy vetch, in relation to maize yield response to hairy vetch. Due to limited data availability
across all studies, a subset of the entire database containing these three variables was selected (n° of studies = 7, n° of observations =
31). A division into thirds was performed to determine a subgroup analysis for both fertilizer N rates and N accumulation in hairy vetch
(breaks in 33.3% and 66.7% of the total distribution). Additionally, a division into two groups was applied for organic matter based on
visualization of the threshold (4%), as the data showed a bimodal distribution. It is noteworthy that, due to the absence of standardized
soil sampling procedures, soil depth determinations from the literature were collected within the range of 0-15 cm to 0-30 cm.

3. Results

Descriptive statistics indicated that Mzy, showed an average yield of 8 Mg ha™! and varied over a wide range between studies from
2to13 Mg ha~! with a standard deviation of 1 Mg ha™! (Table 2). The mean yield of Mz¢optro1 was 7 Mg ha™! ranging widely between 1
and 12 Mg ha™! and a standard deviation of 1 Mg ha™. The average dry matter (DM) of hairy vetch was 3 Mg ha™! with values from 0.2
to 6 Mg ha™!. Based on available observations of hairy vetch N content, the mean of N was 129 kg ha ™! ranging from 41 to 234 kg ha™!
of produced biomass at the end of the season.

(A) RE Model (Q = 18, df = 8,p < 0.001, " =51%)  (B) RE Model (Q = 95, df = 19, p = 0.10, I? = 84%)
ID Nfert = no Weight Estimate[95%Cl] |D Nfert = yes Weight Estimate[95%C1]
19 (R 0% -32[-53, -1]
5 i 1% -17 [-28, -5]
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Fig. 3. Forest plot for subset analysis on hairy vetch effect sizes as a previous cover crop for (A) maize (Mz) without nitrogen fertilization and (B)
maize with nitrogen fertilization. Effect sizes and 95% confidence intervals (CI) are expressed as a hairy vetch (hv) effect ratio (percentage of grain
yield variation in Mzp,,/MZcontrol)- Nitrogen fertilization corresponds to average levels of 130 kg ha'. Square symbols represent point estimates and
whiskers depict their respective 95% CI. The weight of each study is expressed as a percentage of the model and illustrated by the size of box and the
thickness of the whiskers. RE = random effects model, Q = Cochran’s Q test statistic; I> = I-square statistic.
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3.1. Hairy vetch effect on maize yield

The overall analysis of the dataset (i.e., without discriminating between N and non-N-fertilized maize) showed a significant het-
erogeneity on the hairy vetch effect size over the following maize yield (p < 0.001) (Fig. 2). The 12 statistic was 81%, indicating large
dissimilarity between studies. Most studies (n = 14) showed a non-significant yield impact, characterized by high variability on the
effect and representing about half of the weights (~49%) on the overall effect estimation. About a third of the studies (n = 7)
manifested a positive effect on maize yield ranging from 8 to 38%, representing ~50% of the weights. Finally, only two studies showed
a negative impact (—32% and —17%) on maize yields, which represented the smallest portion of the weights (~1%) on the overall
effect estimation. The outcomes from the Egger’s test did not indicate statistical significance in terms of publication bias (95% CI = —1
to 25; p = 0.54). The funnel plot is displayed in Fig. S2.

3.2. Nitrogen fertilization

When N fertilization treatments were analyzed separately, the I? statistic indicated significant variability between studies, yet the
effect of hairy vetch resulted more consistent for non-N fertilized maize (I2 = 51%) compared to N-fertilized maize (I2 = 84%, Fig. 3).
Most studies (n = 6) manifested a positive effect on non-N fertilized maize yield ranging from 13 to 45%, representing ~95% of the
weights on the hairy vetch effect estimation (Fig. 3A). Only three studies showed non-significant yield impact, which represented ~5%
of the weights. Lastly, no negative impact on non-N fertilized maize yield was obtained. For N-fertilized maize, about half of the studies
(n =12) showed a non-significant yield effect, pointing out a high variability between studies representing ~55% of the weights on the
hairy vetch effect estimation (p = 0.10, Fig. 3B). A third of the studies (n = 6) indicated a positive maize yield impact ranging from 7 to
38%, showing ~44% of the weights. Finally, two studies reported negative effects (—32 and —17%), with the lowest weights (~1%) on
the effect estimation. Egger’s tests showed no publication bias for non-N fertilized maize (95% CI = —1 to 36; p = 0.55), and N-
fertilized maize (95% CI = —4 to 17; p = 0.45).

3.3. Comparison between conventional tillage and no-tillage systems

Tillage systems were analyzed within each maize N fertilization subset as categorical variables (Fig. 4A and B) to explore additional
reasons for heterogeneity in maize response. There was no evidence of publication bias for N-fertilized (p = 0.52) and non-N fertilized
subset (p = 0.95). The outcomes for the non-N fertilized subgroup were characterized by low heterogeneity (I> = 14%) compared to the
N fertilized (I = 85%). Within the non-N fertilized subset, no-tillage indicated an increase on maize yield response of 14% ranging
from 10 to 19% (Fig. 4A). Expressed in Mg ha™! of yield gain, this increase represented 0.9 Mg ha™! ranging from 0.7 to 1.3 Mg ha™!
(Fig. S4). Likewise, conventional tillage before maize sowing showed an even greater maize yield response than no-tillage reaching
31% with a range of 23-41%. The yield gain resulted in 1.8 Mg ha~! and ranged from 1.3 to 2.4 Mg ha~! (Fig. S4). In contrast, within
the maize N fertilized subset, tillage and no-tillage categories entered were not able to explain the variability reported between studies
(p = 0.60, Fig. 4B).

(A) Estimate [95%Cl]
Tillage a i — e 31[23,41]
No Tillage b ' — 14110, 19]
' Qy =114, df =1, p <0.001, 12 =14
(B) ‘ Estimate [95%Cl]
Tillage ' L | 5[-15, 28]
No Tillage —— 101,22
: Qy=03,df=1,p=060, 2= 85

20 -10 0 10 20 30 40 50 60
Hairy vetch effect (%)

Fig. 4. Impact of hairy vetch on maize (Mz) yield response according to (A) conventional tillage (n = 3) and no-tillage (n = 7) systems without
nitrogen fertilization on maize, and (B) conventional tillage (n = 4) and no-tillage (n = 16) systems with nitrogen fertilization on maize. Nitrogen
fertilization corresponds to average levels of 130 kg ha™'. Effect sizes and 95% confidence intervals (CI) are expressed as a hairy vetch (hv) effect
ratio (percentage of grain yield variation in Mzyy,/MZcontro))- Square symbols represent point estimates and whiskers depict their respective 95% CI.
Qu = Cochran’s Q test statistic for moderators; IZ = I-square statistic. n = number of studies within categories. Different letters indicate significant
differences between effect sizes at p < 0.05.
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3.4. Relationship between hairy vetch effect, environmental conditions, and cover crop management

For both the non-N fertilized and N fertilized maize subsets, the assessment of the fallow length did not reveal a significant influence
of hairy vetch on maize yield. The period between hairy vetch termination date and maize sowing manifested an I? > 80% suggesting
variability among experiments (Fig. 5A and B). Furthermore, the analysis of the accumulated rainfall 60 days before and 60 days after
maize sowing failed to explain the effect of hairy vetch and exhibited significant heterogeneity (12 > 90%, Figs. S5A-D). Additionally,
the analysis of the soil characteristics showed a slight decrease in maize response of 0.03% per g kg™ ! of clay at 0-5 cm depth (I =
17%, Fig. S6A). The other features including sand at 0-5 cm depth, as well as clay and sand at 5-15 cm depth did not yield consistent
results concerning the impact of hairy vetch on maize. These factors exhibited an 12 greater than 80% in both maize N fertilization
subsets (Figs. S6 and S7).

3.5. Case study

The N accumulation in hairy vetch in the range of 95-150 kg N ha~! resulted in maize yield responses from 9 to 36% when no N was
applied (0 N) and from 13 to 39% with fertilizer N rates below 120 kg N ha™! (<120 N) (Fig. 6B). In contrast, when N accumulation for
hairy vetch was below 95 kg ha™! (Fig. 6A) or exceeded 150 kg ha™! (Fig. 6C), maize yield was not impacted for the analyzed fertilizer
N rates. The variability (I2) was 82% and 92% for N accumulation for hairy vetch of <95 kg ha~! and >150 kg ha~?, respectively.
Notably, I? decreased to 60% within the range of 95-150 kg ha™! (Fig. 6B).

Egger’s test did not indicate publication bias for organic matter levels and hairy vetch dry matter subsets (p > 0.05) (Fig. S3). There
was no significant interaction between soil organic matter levels and fertilizer N rates in relation to maize yield response to hairy vetch
(p = 0.98) (Fig. 7A). Additionally, N accumulation in hairy vetch did not demonstrate an interaction with organic matter in this study
(p = 0.19) (Fig. 7B).

4. Discussion

This meta-analysis provides new insights of hairy vetch cover crop effect on maize yield across diverse regions, indicating a general
positive response to low N rates applied or even no N fertilization for the following maize. In addition, to the extent of our knowledge
the range of variation in maize yield response has not been documented before, and even for limitations of the published data major
insights on main factors linked to this broad variation are still less known. This meta-analysis clearly points out the complexity behind
the adoption of cover crops and the overall interaction of management and environmental factors on the response to this practice.

The importance of legume cover crops in their contribution to increase yield of following crops in the rotation has been documented
in several studies around the globe [23,59-61]. As previously documented, the potential agronomic benefits could be classified into
two groups, i) diversification [62,63] including the benefits to soil structure, soil biological activity, phosphorus availability, and
reduction of pressure from diseases and weeds (e.g. Refs. [64-67]), and ii) those linked to N supply (so-called "nitrogen-effect", [68,
69]). A meta-analysis comparing more broadly cereals and legumes [39] documented a similar effect with a high impact of legumes as
cover crops on maize yield (37%) without N fertilization, but with the size of the effect reducing as N fertilization increases.

Current literature on hairy vetch response on maize yield can be dissected in those situations reporting either negative, neutral, or
positive effects. For the first type of outcome, a decrease in yields from hairy vetch presence was mainly linked to i) less water available
for maize due to hairy vetch consumption in semi-arid regions [70]; and/or ii) failure in hairy vetch killing methods causing
competition with maize for resources such as soil moisture, nutrients, and light [71,72]. For the second type, neutral effects,
non-limiting environments with optimal water and nutrient availability tend to present a less clear response of hairy vetch on maize
yields [73,74]. Lastly, positive response on yield could be linked to i) improvements in soil N availability derived from hairy vetch
residues decomposition (both above- and below-ground biomass) [75,76], and ii) enhancement on water infiltration with a consequent
better water economy [77,78], with a more consistent effect under low fertility soils and reduced fertilizer N rates applied to maize
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Fig. 5. Impact of hairy vetch on maize (Mz) yield response without nitrogen fertilization (a) and with nitrogen fertilization (b) for fallow length
(days) between hairy vetch termination date and maize sowing. Hairy vetch effects are expressed as a hairy vetch (hv) effect ratio (percentage of
grain yield variation in Mzp,/MZcontro1). Solid line represents meta-regression prediction and dashed line their respective 95% CI. Circles represent
point estimates and are observations within selected studies. The weight of each observation is expressed as a percentage of the model and illus-
trated by the size of circles. QM = Cochran’s Q test statistic for moderators; ? = I-square statistic.



M.P. Rodriguez et al. Heliyon 9 (2023) e22621

60{p=0.15, 12 = 82 p=0.04, 12=60 {p=0.33, 12 =92
£ 40! _
3 I
2 )
o 207 % 1
5 I T - I
g O - 1 -
g
(TS _20.
i

401 @ <95 (A) 95-150 (B) | ®>150 (©)

0 <120 >120 0 <120 >120 0 <120 >120
N rate (kg ha'ﬂ)
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Fig. 7. Effect of hairy vetch on maize (Mz) yield for two categories of organic matter (OM) content (<4% or >4%) in relation to three categories of
fertilizer N rates for maize (kg N ha™') (A), and three categories of N accumulation in the hairy vetch dry matter at the termination time (kg N ha™)
(B). Effect sizes and 95% confidence intervals (CI) are expressed as a hairy vetch (hv) effect ratio (percentage of grain yield variation in Mzy,,/
MzZcontrol)- Circle symbols represent point estimates, and whiskers depict their respective 95% CI.

(below the optimal) [38].

The inclusion of cover crops in conjunction with a no-tillage system has demonstrated improvements in soil aggregation and
nutrient retention over the long-term by preserving plant residue inputs and avoiding soil removal [79,80]. Consequently, these
practices have led to significant enhancements in crop yields [81]. In contrast, conventional tillage practices can temporarily increase
the N release from hairy vetch into the soil in plant-available forms, leading to a subsequent boost in crop yields [82-84]. However, the
persistence of these positive effects may not persist over time due to aggregate breakdown and potential nutrient losses [85]. Addi-
tionally, it is worth highlighting not only the overall contribution of N but the importance of the synchrony affecting the N recovery on
maize between N release from the cover crop residue (decomposition rate) and the rate of the crop N demand [9,86,87].

The N carryover from the hairy vetch to the subsequent maize appears to be a relevant factor supporting the positive effects re-
ported in this meta-analysis and potentially assists in reducing the dependency on exogenous N-fertilizers [88]. Especially for legume
cover crops such as hairy vetch, the contribution of N via N fixation process is closely related to the amount of cover crop biomass
production [20,30]. Previous studies described increases in maize yield associated with a greater N accumulation of hairy vetch and N
release for the next crop in the rotation [89]. The biomass production necessary to perceive an impact on yield was reported within the
range of 3-5 Mg ha! and the N content of hairy vetch ranged from 100 to 120 kg ha™!, consistent with the results of our study [38,50,
90,91]. Likewise, multiple additional factors influence the overall contribution of N from hairy vetch such as the soil N supply during
the cover crop growing season [23,92], the management of the hairy vetch and termination dates [93], maize growth and N demand
[94], and the effectiveness on the legume-rhizobium interaction [95]. However, as previously documented, it is also important to
highlight that legumes may provide additional (more elusive to quantify) benefits such as those previously termed as diversification
effects. Lastly, although meta-analysis represents a step forward, more comprehensive research assessments of the soil-plant system (e.
g., including N fixation, and soil N availability dynamics) are necessary to refine the understanding of hairy vetch effects on maize
yields.

The main limitations of this meta-analysis are related to the small number of studies selected based on the current eligibility
criteria, constraining the assessment of explanatory variables, and leading to a high unexplained heterogeneity among studies. This
heterogeneity was noticeable in management factors, such as the fallow length period between hairy vetch termination and maize
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sowing. Soil fertility measures such as inorganic N available (NH4-N and NO3-N) reported in the articles presented a lack of sampling
standardization, which restricted its evaluation as a possible variable in this meta-analysis. Furthermore, large reported standard
errors reflect in also large variability within the studies. Future studies should address the identification of environmental drivers such
as soil, weather, crop, and management variables to better understand the major factors impacting the overall effect of hairy vetch on
the following maize crop. Moreover, a detailed analysis of N rates is recommended to assess the effect of hairy vetch and N fertilization
along with other edaphoclimatic factors. Lastly, it is critical to focus on the long-term impacts of hairy vetch on increasing maize
production and the overall N contribution to agricultural systems.

5. Conclusion

This meta-analysis quantitatively summarizes hairy vetch effects on maize yield. While yield response to hairy vetch was more
consistent when maize was not fertilized with nitrogen, a case study revealed that supplying N through hairy vetch in the range of
95-150 kg ha™?, in addition to applying rates below 120 kg ha™! on maize led to increase maize yields. These outcomes provided a
more precise quantitative perspective. In non-N-fertilized maize, conventional tillage before maize sowing was related to a yield
response to hairy vetch 16% higher than no-tillage. Nevertheless, no-tillage combined with cover crops provides an alternative
management for reaching more long-term sustainable farming systems. It is noteworthy that maize yield response was characterized by
high heterogeneity in our study, pointing out the complexity behind hairy vetch adoption and the interplay of environmental and
agronomic factors. In summary, the results of this meta-analysis suggest the need for further comprehensive analysis and field studies,
particularly emphasizing the N transfer from hairy vetch to maize, including soil N pools, N supplied by hairy vetch, and maize N
application rates. Lastly, given the inclusion of diverse study regions in this analysis, these findings are highly encouraging for the
global-scale integration of hairy vetch into agricultural systems, aligning with the growing adoption trend.

Data availability statement

The protocol has been registered at https://doi.org/10.17605/0SF.10/SP97W in the Open Science Framework (OSF) repository.
Related files are available in the figshare repository at https://doi.org/10.6084,/m9.figshare.23792607.

CRediT authorship contribution statement

Maria P. Rodriguez: Writing — original draft, Visualization, Software, Investigation, Formal analysis, Data curation. Joaquin
Vargas: Data curation. Adrian A. Correndo: Writing — review & editing, Methodology, Formal analysis, Conceptualization. Ana J.P.
Carcedo: Writing — review & editing, Methodology, Formal analysis, Conceptualization. Walter D. Carciochi: Writing — review &
editing. Hernan R. Sainz Rozas: Writing — review & editing. Pablo A. Barbieri: Writing — review & editing. Ignacio A. Ciampitti:
Writing — review & editing, Supervision, Resources, Methodology, Funding acquisition, Formal analysis, Conceptualization.

Declaration of competing interest

The authors declare no conflict of interest. The paper contents have not been previously published nor are under consideration for
publication elsewhere. All co-authors have contributed to the paper and have agreed to be listed as co-authors.

Acknowledgements

The authors gratefully acknowledge the financial support provided by National Scientific and Technical Research Council —
Argentina, Kansas State University, and Dr. I.A. Ciampitti’s research program. This work is part of a thesis by Maria Pia Rodriguez in
partial fulfillment of the requirements for a Doctoral’s degree (Facultad de Ciencias Agrarias, Universidad Nacional de Mar del Plata,
Argentina). Contribution no. 24-095-J from the Kansas Agricultural Experiment Station.

Appendix A. Supplementary data

Supplementary data to this article can be found online at https://doi.org/10.1016/j.heliyon.2023.e22621.

References

[1] M. Beckmann, K. Gerstner, M. Akin-Fajiye, S. Ceausu, S. Kambach, N.L. Kinlock, H.R. Phillips, W. Verhagen, J. Gurevitch, S. Klotz, Conventional land-use
intensification reduces species richness and increases production: a global meta-analysis, Global Change Biol. 25 (6) (2019) 1941-1956.

[2] K.S. Nelson, E.K. Burchfield, Landscape complexity and US crop production, Nature Food 2 (5) (2021) 330-338, https://doi.org/10.1038/543016-021-00281-1.

[3] T.J.Lark, S.A. Spawn, M. Bougie, H.K. Gibbs, Cropland expansion in the United States produces marginal yields at high costs to wildlife, Nat. Commun. 11 (1)
(2020) 4295, https://doi.org/10.1038/s41467-020-18045-z.

[4] D. Tilman, K.G. Cassman, P.A. Matson, R. Naylor, S. Polasky, Agricultural sustainability and intensive production practices, Nature 418 (6898) (2002) 671-677,
https://doi.org/10.1038/nature01014.

11


https://doi.org/10.17605/OSF.IO/SP97W
https://doi.org/10.6084/m9.figshare.23792607
https://doi.org/10.1016/j.heliyon.2023.e22621
http://refhub.elsevier.com/S2405-8440(23)09829-8/sref1
http://refhub.elsevier.com/S2405-8440(23)09829-8/sref1
https://doi.org/10.1038/s43016-021-00281-1
https://doi.org/10.1038/s41467-020-18045-z
https://doi.org/10.1038/nature01014

[5]
[6]
71
[8]
[91
[10]

[11]
[12]

[13]
[14]
[15]
[16]
[17]
[18]
[19]
[20]
[21]
[22]
[23]
[24]
[25]
[26]

[27]

[28]
[29]
[30]
[31]
[32]
[33]
[34]
[35]
[36]
[37]
[38]
[39]
[40]
[41]
[42]

[43]

. Rodriguez et al. Heliyon 9 (2023) e22621

E.K. Burchfield, K.S. Nelson, K. Spangler, The impact of agricultural landscape diversification on U.S. crop production, Agric. Ecosyst. Environ. 285 (2019),
106615, https://doi.org/10.1016/j.agee.2019.106615.

LA. Ciampitti, G. Lemaire, From use efficiency to effective use of nitrogen: a dilemma for maize breeding improvement, Sci. Total Environ. 826 (2022), 154125,
https://doi.org/10.1016/j.scitotenv.2022.154125.

IFASTAT, Fertilizer consumption - historical trends by country or region, Available online: https://www.ifastat.org/databases/graph/1_1, 2023. (Accessed 11
January 2023).

R.F. Follett, J.L. Hatfield, Nitrogen in the environment: sources, problems, and management, Sci. World J. 1 (2001) 920-926, https://doi.org/10.1100/
tsw.2001.269.

T.E. Crews, M.B. Peoples, Can the synchrony of nitrogen supply and crop demand be improved in legume and fertilizer-based agroecosystems? A review,
Nutrient Cycl. Agroecosyst. 72 (2) (2005) 101-120, https://doi.org/10.1007/510705-004-6480-1.

C. Palm, H. Blanco-Canqui, F. DeClerck, L. Gatere, P. Grace, Conservation agriculture and ecosystem services: an overview, Agric. Ecosyst. Environ. 187 (2014)
87-105, https://doi.org/10.1016/j.agee.2013.10.010 (Evaluating conservation agriculture for small-scale farmers in Sub-Saharan Africa and South Asia).
C.J. Stevens, Nitrogen in the Environment 363 (6427) (2019) 578-580, https://doi.org/10.1126/science.aav8215.

USDA, More farmers are adding fall cover crops to their corn-for-grain, cotton, and soybean fields, Available online: http://www.ers.usda.gov/data-products/
chart-gallery/gallery/chart-detail /?chartld=103975, 2021. (Accessed 18 January 2023).

ReTAA, Précticas ambientales en la produccién agricola argentina, 2021. Report No.: 41, http://bibliotecadigital.bolsadecereales.com.ar/greenstone/collect/
pubper/index/assoc/HASH0154/7f353980.dir/InReTAA2021.%20n41,%2024%20feb.pdf.

C. Tonitto, M.B. David, L.E. Drinkwater, Replacing bare fallows with cover crops in fertilizer-intensive cropping systems: a meta-analysis of crop yield and N
dynamics, Agric. Ecosyst. Environ. 112 (1) (2006) 58-72, https://doi.org/10.1016/j.agee.2005.07.003.

C. Poeplau, A. Don, Carbon sequestration in agricultural soils via cultivation of cover crops — a meta-analysis, Agric. Ecosyst. Environ. 200 (2015) 33-41,
https://doi.org/10.1016/j.agee.2014.10.024.

L.E. Novelli, O.P. Caviglia, G. Pineiro, Increased cropping intensity improves crop residue inputs to the soil and aggregate-associated soil organic carbon stocks,
Soil Tillage Res. 165 (2017) 128-136, https://doi.org/10.1016/j.5till.2016.08.008.

A.T. Adetunji, B. Ncube, R. Mulidzi, F.B. Lewu, Management impact and benefit of cover crops on soil quality: a review, Soil Tillage Res. 204 (2020), 104717,
https://doi.org/10.1016/j.still.2020.104717.

T.C. Kaspar, J.W. Singer, The use of cover crops to manage soil, in: Soil Management: Building a Stable Base for Agriculture, John Wiley & Sons, Ltd, 2011,
pp. 321-337. https://onlinelibrary.wiley.com/doi/abs/10.2136/2011.soilmanagement.c21.

S. Perrone, J. Grossman, A. Liebman, T. Sooksa-nguan, J. Gutknecht, Nitrogen fixation and productivity of winter annual legume cover crops in Upper Midwest
organic cropping systems, Nutrient Cycl. Agroecosyst. 117 (1) (2020) 61-76, https://doi.org/10.1007/510705-020-10055-z.

R. Thapa, H. Poffenbarger, K.L. Tully, V.J. Ackroyd, M. Kramer, S.B. Mirsky, Biomass production and nitrogen accumulation by hairy vetch—cereal rye mixtures:
a meta-analysis, Agron. J. 110 (4) (2018) 1197-1208, https://doi.org/10.2134/agronj2017.09.0544.

S.M. Dabney, J.A. Delgado, F. Collins, J.J. Meisinger, H.H. Schomberg, M.A. Liebig, T. Kaspar, J. Mitchell, W. Reeves, Using cover crops and cropping systems
for nitrogen management, Adv. Nitrogen Manag. Water Qual. (2010) 231-282.

C. Mukumbareza, P. Muchaonyerwa, C. Chiduza, Effects of oats and grazing vetch cover crops and fertilisation on microbial biomass and activity after five years
of rotation with maize, S. Afr. J. Plant Soil 32 (4) (2015) 189-197, https://doi.org/10.1080/02571862.2015.1025446.

C. Coombs, J.D. Lauzon, B. Deen, L.L. Van Eerd, Legume cover crop management on nitrogen dynamics and yield in grain corn systems, Field Crops Res. 201
(2017) 75-85, https://doi.org/10.1016/].fcr.2016.11.001.

G.E. Roesch-McNally, A.D. Basche, J.G. Arbuckle, J.C. Tyndall, F.E. Miguez, T. Bowman, R. Clay, The trouble with cover crops: farmers’ experiences with
overcoming barriers to adoption, Renew. Agric. Food Syst. 33 (4) (2018) 322-333, https://doi.org/10.1017/51742170517000096.

J.S. Bergtold, S. Ramsey, L. Maddy, J.R. Williams, A review of economic considerations for cover crops as a conservation practice, Renew. Agric. Food Syst. 34
(1) (2019) 62-76, https://doi.org/10.1017/51742170517000278.

J. Kathage, B. Smit, B. Janssens, W. Haagsma, J.L. Adrados, How much is policy driving the adoption of cover crops? Evidence from four EU regions, Land Use
Pol. 116 (2022), 106016, https://doi.org/10.1016/j.landusepol.2022.106016.

J.P. Renzi, G.R. Chantre, P. Smykal, A.D. Presotto, L. Zubiaga, A.F. Garayalde, M.A. Cantamutto, Diversity of naturalized hairy vetch (vicia villosa Roth)
populations in central Argentina as a source of potential adaptive traits for breeding, Front. Plant Sci. (2020), 2023 Feb 28];11, https://www.frontiersin.org/
articles/10.3389/fpls.2020.00189.

S.B. Mirsky, V.J. Ackroyd, S. Cordeau, W.S. Curran, M. Hashemi, S.C. Reberg-Horton, M.R. Ryan, J.T. Spargo, Hairy vetch biomass across the eastern United
States: effects of latitude, seeding rate and date, and termination timing, Agron. J. 109 (4) (2017) 1510-1519, https://doi.org/10.2134/agronj2016.09.0556.
S. Kuo, U.M. Sainju, Nitrogen mineralization and availability of mixed leguminous and non-leguminous cover crop residues in soil, Biol. Fertil. Soils 26 (4)
(1998) 346-353, https://doi.org/10.1007/s003740050387.

J.M. Enrico, C.F. Piccinetti, M.R. Barraco, M.B. Agosti, R.P. Eclesia, F. Salvagiotti, Biological nitrogen fixation in field pea and vetch: response to inoculation and
residual effect on maize in the Pampean region, Eur. J. Agron. 115 (2020), 126016, https://doi.org/10.1016/j.eja.2020.126016.

H.J. Poffenbarger, S.B. Mirsky, R.R. Weil, J.E. Maul, M. Kramer, J.T. Spargo, M.A. Cavigelli, Biomass and nitrogen content of hairy vetch-cereal rye cover crop
mixtures as influenced by species proportions, Agron. J. 107 (6) (2015) 2069-2082, https://doi.org/10.2134/agronj14.0462.

D.M. Finney, C.M. White, J.P. Kaye, Biomass production and carbon/nitrogen ratio influence ecosystem services from cover crop mixtures, Agron. J. 108 (1)
(2016) 39-52, https://doi.org/10.2134/agronj15.0182.

S.A. Uhart, F.H. Andrade, Nitrogen deficiency in maize: II. Carbon-nitrogen interaction effects on kernel number and grain yield, Crop Sci. 35 (5) (1995),
https://doi.org/10.2135/cropsci1995.0011183X003500050021x cropscil995.0011183X003500050021x.

J.C. Cook, R.S. Gallagher, J.P. Kaye, J. Lynch, B. Bradley, Optimizing vetch nitrogen production and corn nitrogen accumulation under No-till management,
Agron. J. 102 (5) (2010) 1491-1499, https://doi.org/10.2134/agronj2010.0165.

J.L. Gabriel, M. Quemada, Replacing bare fallow with cover crops in a maize cropping system: yield, N uptake and fertiliser fate, Eur. J. Agron. 34 (3) (2011)
133-143, https://doi.org/10.1016/j.€ja.2010.11.006.

R. Boselli, A. Fiorini, S. Santelli, F. Ardenti, F. Capra, S.C. Maris, V. Tabaglio, Cover crops during transition to no-till maintain yield and enhance soil fertility in
intensive agro-ecosystems, Field Crops Res. 255 (2020), 107871, https://doi.org/10.1016/j.fcr.2020.107871.

X.V. Zhou, J.A. Larson, V.R. Sykes, A.J. Ashworth, F.L. Allen, Long-term conservation agriculture effects on corn profitability in West Tennessee, Crop Sci. 62 (3)
(2022) 1348-1359, https://doi.org/10.1002/csc2.20727.

L.P. Pott, T.J.C. Amado, R.A. Schwalbert, F.H. Gebert, G.B. Reimche, L.Z. Pes, I.A. Ciampitti, Effect of hairy vetch cover crop on maize nitrogen supply and
productivity at varying yield environments in Southern Brazil, Sci. Total Environ. 759 (2021), 144313, https://doi.org/10.1016/j.scitotenv.2020.144313.
F.E. Miguez, G.A. Bollero, Review of corn yield response under winter cover cropping systems using meta-analytic methods, Crop Sci. 45 (6) (2005) 2318-2329,
https://doi.org/10.2135/cropsci2005.0014.

L.V. Hedges, J. Gurevitch, P.S. Curtis, The meta-analysis of response ratios in experimental ecology, Ecology 80 (4) (1999) 1150-1156, https://doi.org/
10.1890/0012-9658(1999)080[1150: TMAORR]2.0.CO;2.

G. Arngvist, D. Wooster, Meta-analysis: synthesizing research findings in ecology and evolution, Trends Ecol. Evol. 10 (6) (1995) 236-240, https://doi.org/
10.1016/50169-5347(00)89073-4.

G.S. Marcillo, F.E. Miguez, Corn yield response to winter cover crops: an updated meta-analysis, J. Soil Water Conserv. 72 (3) (2017) 226-239, https://doi.org/
10.2489/jswc.72.3.226.

J. Zhao, J. Chen, D. Beillouin, H. Lambers, Y. Yang, P. Smith, Z. Zeng, J.E. Olesen, H. Zang, Global systematic review with meta-analysis reveals yield advantage
of legume-based rotations and its drivers, Nat. Commun. 13 (1) (2022) 4926, https://doi.org/10.1038/541467-022-32464-0.

12


https://doi.org/10.1016/j.agee.2019.106615
https://doi.org/10.1016/j.scitotenv.2022.154125
https://www.ifastat.org/databases/graph/1_1
https://doi.org/10.1100/tsw.2001.269
https://doi.org/10.1100/tsw.2001.269
https://doi.org/10.1007/s10705-004-6480-1
https://doi.org/10.1016/j.agee.2013.10.010
https://doi.org/10.1126/science.aav8215
http://www.ers.usda.gov/data-products/chart-gallery/gallery/chart-detail/?chartId=103975
http://www.ers.usda.gov/data-products/chart-gallery/gallery/chart-detail/?chartId=103975
http://bibliotecadigital.bolsadecereales.com.ar/greenstone/collect/pubper/index/assoc/HASH0154/7f353980.dir/InReTAA2021.%20n41,%2024%20feb.pdf
http://bibliotecadigital.bolsadecereales.com.ar/greenstone/collect/pubper/index/assoc/HASH0154/7f353980.dir/InReTAA2021.%20n41,%2024%20feb.pdf
https://doi.org/10.1016/j.agee.2005.07.003
https://doi.org/10.1016/j.agee.2014.10.024
https://doi.org/10.1016/j.still.2016.08.008
https://doi.org/10.1016/j.still.2020.104717
https://onlinelibrary.wiley.com/doi/abs/10.2136/2011.soilmanagement.c21
https://doi.org/10.1007/s10705-020-10055-z
https://doi.org/10.2134/agronj2017.09.0544
http://refhub.elsevier.com/S2405-8440(23)09829-8/sref21
http://refhub.elsevier.com/S2405-8440(23)09829-8/sref21
https://doi.org/10.1080/02571862.2015.1025446
https://doi.org/10.1016/j.fcr.2016.11.001
https://doi.org/10.1017/S1742170517000096
https://doi.org/10.1017/S1742170517000278
https://doi.org/10.1016/j.landusepol.2022.106016
https://www.frontiersin.org/articles/10.3389/fpls.2020.00189
https://www.frontiersin.org/articles/10.3389/fpls.2020.00189
https://doi.org/10.2134/agronj2016.09.0556
https://doi.org/10.1007/s003740050387
https://doi.org/10.1016/j.eja.2020.126016
https://doi.org/10.2134/agronj14.0462
https://doi.org/10.2134/agronj15.0182
https://doi.org/10.2135/cropsci1995.0011183X003500050021x
https://doi.org/10.2134/agronj2010.0165
https://doi.org/10.1016/j.eja.2010.11.006
https://doi.org/10.1016/j.fcr.2020.107871
https://doi.org/10.1002/csc2.20727
https://doi.org/10.1016/j.scitotenv.2020.144313
https://doi.org/10.2135/cropsci2005.0014
https://doi.org/10.1890/0012-9658(1999)080[1150:TMAORR]2.0.CO;2
https://doi.org/10.1890/0012-9658(1999)080[1150:TMAORR]2.0.CO;2
https://doi.org/10.1016/S0169-5347(00)89073-4
https://doi.org/10.1016/S0169-5347(00)89073-4
https://doi.org/10.2489/jswc.72.3.226
https://doi.org/10.2489/jswc.72.3.226
https://doi.org/10.1038/s41467-022-32464-0

M.P. Rodriguez et al. Heliyon 9 (2023) e22621

[44]
[45]
[46]
[47]
[48]
[49]
[50]

[51]

[52]

[53]

[54]
[55]

[56]
[57]
[58]
[59]
[60]
[61]
[62]
[63]
[64]
[65]

[66]

[67]
[68]
[69]
[70]
[71]
[72]
[73]
[74]
[75]
[76]
[77]
[78]

[79]

[80]
[81]

[82]

R. Alvarez, H.S. Steinbach, J.L. De Paepe, Cover crop effects on soils and subsequent crops in the pampas: a meta-analysis, Soil Tillage Res. 170 (2017) 53-65,
https://doi.org/10.1016/j.still.2017.03.005.

M.J. Westgate, revtools: an R package to support article screening for evidence synthesis, Res. Synth. Methods 10 (4) (2019) 606-614, https://doi.org/10.1002/
jrsm.1374.

R Core Team, R: The R project for statistical computing, Available online: http://www.R.-project.org/. (Accessed 12 August 2022).

W. Viechtbauer, Conducting meta-analyses in R with the metafor package, J. Stat. Software 36 (2010) 1-48, https://doi.org/10.18637/jss.v036.103.

T.G. Huntington, J.H. Grove, W.W. Frye, Release and recovery of nitrogen from winter annual cover crops in no-till corn production, Commun. Soil Sci. Plant
Anal. 16 (2) (1985) 193-211, https://doi.org/10.1080/00103628509367596.

L.E. Drinkwater, R.R. Janke, L. Rossoni-Longnecker, Effects of tillage intensity on nitrogen dynamics and productivity in legume-based grain systems, Plant Soil
227 (1) (2000) 99-113, https://doi.org/10.1023/A:1026569715168.

J.T. Spargo, M.A. Cavigelli, S.B. Mirsky, J.J. Meisinger, V.J. Ackroyd, Organic supplemental nitrogen sources for field corn production after a hairy vetch cover
crop, Agron. J. 108 (5) (2016) 1992-2002, https://doi.org/10.2134/agronj2015.0485.

R.A. Wittwer, M.G.A. van der Heijden, Cover crops as a tool to reduce reliance on intensive tillage and nitrogen fertilization in conventional arable cropping
systems, Field Crops Res. 249 (2020), 107736, https://doi.org/10.1016/j.fcr.2020.107736.

V.C. Garnica, D.A. Shah, P. Esker, P.S. Ojiambo, Got Fisher’s LSD or Tukey’s HSD?: a R Shiny app tool for recovering variance in designed experiments when
only mean and post-hoc tests are reported, Available online:, in: APS Meeting, 6-10 August 2022 https://garnica.shinyapps.io/MSE _FindR/. (Accessed 2
November 2022).

M.J. Lajeunesse, Juicr: automated and manual extraction of numerical data from scientific images, Available online: https://CRAN.R-project.org/
package=juicr, 2021. (Accessed 3 October 2022).

J.P.T. Higgins, S.G. Thompson, Quantifying heterogeneity in a meta-analysis, Stat. Med. 21 (11) (2002) 1539-1558, https://doi.org/10.1002/sim.1186.

M. Borenstein, J.P.T. Higgins, L.V. Hedges, H.R. Rothstein, Basics of meta-analysis: 12 is not an absolute measure of heterogeneity, Res. Synth. Methods 8 (1)
(2017) 5-18, https://doi.org/10.1002/jrsm.1230.

M. Egger, G.D. Smith, M. Schneider, C. Minder, Bias in meta-analysis detected by a simple, graphical test, BMJ 315 (7109) (1997) 629-634, https://doi.org/
10.1136,/bm;j.315.7109.629.

D. Beaudette, J. Skovlin, S. Roecker, A. Brown, soilDB: Soil Database Interface. https://cran.r-project.org/web/packages/soilDB/index.html, 2023. (Accessed 23
July 2023).

K de Sousa, A.H. Sparks, W. Ashmall, J van Etten, S.@. Solberg, Chirps: API client for the CHIRPS precipitation data in R, J. Open Source Softw. 5 (51) (2020)
2419, https://doi.org/10.21105/joss.02419.

S. Daryanto, B. Fu, L. Wang, P.-A. Jacinthe, W. Zhao, Quantitative synthesis on the ecosystem services of cover crops, Earth Sci. Rev. 185 (2018) 357-373,
https://doi.org/10.1016/j.earscirev.2018.06.013.

M. Guinet, B. Nicolardot, A.-S. Voisin, Nitrogen benefits of ten legume pre-crops for wheat assessed by field measurements and modelling, Eur. J. Agron. 120
(2020), 126151, https://doi.org/10.1016/j.€ja.2020.126151.

R. Otto, G.L. Pereira, S. Tenelli, J.L.N. Carvalho, J. Lavres, S.A.Q. de Castro, L.P. Lisboa, R.A. Sermarini, Planting legume cover crop as a strategy to replace
synthetic N fertilizer applied for sugarcane production, Ind. Crop. Prod. 156 (2020), 112853, https://doi.org/10.1016/j.indcrop.2020.112853.

M.D. McDaniel, L.K. Tiemann, A.S. Grandy, Does agricultural crop diversity enhance soil microbial biomass and organic matter dynamics? A meta-analysis,
2014, https://doi.org/10.1890/13-0616.1. (Accessed 5 September 2023).

J.M. Barel, T.W. Kuyper, W. de Boer, J.C. Douma, G.B. De Deyn, Legacy effects of diversity in space and time driven by winter cover crop biomass and nitrogen
concentration, J. Appl. Ecol. 55 (1) (2018) 299-310, https://doi.org/10.1111/1365-2664.12929.

N.L. Hartwig, H.U. Ammon, Cover crops and living mulches, Weed Sci. 50 (6) (2002) 688-699, https://doi.org/10.1614,/0043-1745(2002)050[0688:ATACCA]
2.0.CO;2.

N.K. Fageria, V.C. Baligar, B.A. Bailey, Role of cover crops in improving soil and row crop productivity, Commun. Soil Sci. Plant Anal. 36 (19-20) (2005)
2733-2757, https://doi.org/10.1080/00103620500303939.

R. Kataoka, K. Nagasaka, Y. Tanaka, H. Yamamura, S. Shinohara, E. Haramoto, M. Hayakawa, Y. Sakamoto, Hairy vetch (Vicia villosa), as a green manure,
increases fungal biomass, fungal community composition, and phosphatase activity in soil, Appl. Soil Ecol. 117-118 (2017) 1620, https://doi.org/10.1016/j.
apsoil.2017.04.015.

M. Hallama, C. Pekrun, H. Lambers, E. Kandeler, Hidden miners — the roles of cover crops and soil microorganisms in phosphorus cycling through
agroecosystems, Plant Soil 434 (1) (2019) 7-45, https://doi.org/10.1007/s11104-018-3810-7.

L.E. Gentry, S.S. Snapp, R.F. Price, L.F. Gentry, Apparent red clover nitrogen credit to corn: evaluating cover crop introduction, Agron. J. 105 (6) (2013)
1658-1664, https://doi.org/10.2134/agronj2013.0089.

M.J. Lynch, M.J. Mulvaney, S.C. Hodges, T.L. Thompson, W.E. Thomason, Decomposition, nitrogen and carbon mineralization from food and cover crop
residues in the central plateau of Haiti, SpringerPlus 5 (1) (2016) 973, https://doi.org/10.1186/540064-016-2651-1.

A.T. Rosa, C.F. Creech, R.W. Elmore, D.R. Rudnick, J.L. Lindquist, M. Fudolig, L. Butts, R. Werle, Implications of cover crop planting and termination timing on
rainfed maize production in semi-arid cropping systems, Field Crops Res. 271 (2021), 108251, https://doi.org/10.1016/j.fcr.2021.108251.

R. Mischler, S.W. Duiker, W.S. Curran, D. Wilson, Hairy vetch management for No-till organic corn production, Agron. J. 102 (1) (2010) 355-362, https://doi.
org/10.2134/agronj2009.0183.

M. Parr, J.M. Grossman, S.C. Reberg-Horton, C. Brinton, C. Crozier, Nitrogen delivery from legume cover crops in No-till organic corn production, Agron. J. 103
(6) (2011) 1578-1590, https://doi.org/10.2134/agronj2011.0007.

M. Salmeron, R. Isla, J. Cavero, Effect of winter cover crop species and planting methods on maize yield and N availability under irrigated Mediterranean
conditions, Field Crops Res. 123 (2) (2011) 89-99, https://doi.org/10.1016/j.fcr.2011.05.006.

A.M. Liebman, J. Grossman, M. Brown, M.S. Wells, S.C. Reberg-Horton, W. Shi, Legume cover crops and tillage impact nitrogen dynamics in organic corn
production, Agron. J. 110 (3) (2018) 1046-1057, https://doi.org/10.2134/agronj2017.08.0474.

A.D. Jani, J.M. Grossman, T.J. Smyth, S. Hu, Influence of soil inorganic nitrogen and root diameter size on legume cover crop root decomposition and nitrogen
release, Plant Soil 393 (1) (2015) 57-68, https://doi.org/10.1007/s11104-015-2473-x.

F. Ardenti, F. Capra, M. Lommi, A. Fiorini, V. Tabaglio, Long-term C and N sequestration under no-till is governed by biomass production of cover crops rather
than differences in grass vs. legume biomass quality, Soil Tillage Res. 228 (2023), 105630, https://doi.org/10.1016/j.still.2022.105630.

M.B. Villamil, G.A. Bollero, R.G. Darmody, F.W. Simmons, D.G. Bullock, No-till corn/soybean systems including winter cover crops, Soil Sci. Soc. Am. J. 70 (6)
(2006) 1936-1944, https://doi.org/10.2136/ss55aj2005.0350.

A.J. Clark, J.J. Meisinger, A.M. Decker, F.R. Mulford, Effects of a grass-selective herbicide in a vetch-rye cover crop system on corn grain yield and soil moisture,
Agron. J. 99 (1) (2007) 43-48, https://doi.org/10.2134/agronj2005.0362.

A. Roldan, F. Caravaca, M.T. Hernandez, C. Garcia, C. Sanchez-Brito, M. Veldsquez, M. Tiscarefio, No-tillage, crop residue additions, and legume cover cropping
effects on soil quality characteristics under maize in Patzcuaro watershed (Mexico), Soil Tillage Res. 72 (1) (2003) 65-73, https://doi.org/10.1016/50167-1987
(03)00051-5.

H.H. Schomberg, R.G. McDaniel, E. Mallard, D.M. Endale, D.S. Fisher, M.L. Cabrera, Conservation tillage and cover crop influences on cotton production on a
southeastern U.S. Coastal plain soil, Agron. J. 98 (5) (2006) 1247-1256, https://doi.org/10.2134/agronj2005.0335.

A. Nouri, J. Lee, X. Yin, D.D. Tyler, A.M. Saxton, Thirty-four years of no-tillage and cover crops improve soil quality and increase cotton yield in Alfisols,
Southeastern USA, Geoderma 337 (2019) 998-1008, https://doi.org/10.1016/j.geoderma.2018.10.016.

T. Higashi, M. Yunghui, M. Komatsuzaki, S. Miura, T. Hirata, H. Araki, N. Kaneko, H. Ohta, Tillage and cover crop species affect soil organic carbon in Andosol,
Kanto, Japan, Soil Tillage Res. 138 (2014) 64-72, https://doi.org/10.1016/].still.2013.12.010.

13


https://doi.org/10.1016/j.still.2017.03.005
https://doi.org/10.1002/jrsm.1374
https://doi.org/10.1002/jrsm.1374
http://www.R.-project.org/
https://doi.org/10.18637/jss.v036.i03
https://doi.org/10.1080/00103628509367596
https://doi.org/10.1023/A:1026569715168
https://doi.org/10.2134/agronj2015.0485
https://doi.org/10.1016/j.fcr.2020.107736
https://garnica.shinyapps.io/MSE_FindR/
https://CRAN.R-project.org/package=juicr
https://CRAN.R-project.org/package=juicr
https://doi.org/10.1002/sim.1186
https://doi.org/10.1002/jrsm.1230
https://doi.org/10.1136/bmj.315.7109.629
https://doi.org/10.1136/bmj.315.7109.629
https://cran.r-project.org/web/packages/soilDB/index.html
https://doi.org/10.21105/joss.02419
https://doi.org/10.1016/j.earscirev.2018.06.013
https://doi.org/10.1016/j.eja.2020.126151
https://doi.org/10.1016/j.indcrop.2020.112853
https://doi.org/10.1890/13-0616.1
https://doi.org/10.1111/1365-2664.12929
https://doi.org/10.1614/0043-1745(2002)050[0688:AIACCA]2.0.CO;2
https://doi.org/10.1614/0043-1745(2002)050[0688:AIACCA]2.0.CO;2
https://doi.org/10.1080/00103620500303939
https://doi.org/10.1016/j.apsoil.2017.04.015
https://doi.org/10.1016/j.apsoil.2017.04.015
https://doi.org/10.1007/s11104-018-3810-7
https://doi.org/10.2134/agronj2013.0089
https://doi.org/10.1186/s40064-016-2651-1
https://doi.org/10.1016/j.fcr.2021.108251
https://doi.org/10.2134/agronj2009.0183
https://doi.org/10.2134/agronj2009.0183
https://doi.org/10.2134/agronj2011.0007
https://doi.org/10.1016/j.fcr.2011.05.006
https://doi.org/10.2134/agronj2017.08.0474
https://doi.org/10.1007/s11104-015-2473-x
https://doi.org/10.1016/j.still.2022.105630
https://doi.org/10.2136/sssaj2005.0350
https://doi.org/10.2134/agronj2005.0362
https://doi.org/10.1016/S0167-1987(03)00051-5
https://doi.org/10.1016/S0167-1987(03)00051-5
https://doi.org/10.2134/agronj2005.0335
https://doi.org/10.1016/j.geoderma.2018.10.016
https://doi.org/10.1016/j.still.2013.12.010

M.P. Rodriguez et al. Heliyon 9 (2023) e22621

[83]
[84]
[85]
[86]
[87]
[88]
[89]
[90]
[91]
[92]
[93]
[94]

[95]

S.I. Haruna, S.H. Anderson, N.V. Nkongolo, S. Zaibon, Soil hydraulic properties: influence of tillage and cover crops, Pedosphere 28 (3) (2018) 430-442, https://
doi.org/10.1016/51002-0160(17)60387-4.

P.L. O’Brien, B.D. Emmett, R.W. Malone, M.R. Nunes, J.L. Kovar, T.C. Kaspar, T.B. Moorman, D.B. Jaynes, T.B. Parkin, Nitrate losses and nitrous oxide emissions
under contrasting tillage and cover crop management, J. Environ. Qual. 51 (4) (2022) 683-695, https://doi.org/10.1002/jeq2.20361.

I.A. Dozier, G.D. Behnke, A.S. Davis, E.D. Nafziger, M.B. Villamil, Tillage and cover cropping effects on soil properties and crop production in Illinois, Agron. J.
109 (4) (2017) 1261-1270, https://doi.org/10.2134/agronj2016.10.0613.

J.-H. Seo, J.J. Meisinger, H.-J. Lee, Recovery of nitrogen-15-labeled hairy vetch and fertilizer applied to corn, Agron. J. 98 (2) (2006) 245-254, https://doi.org/
10.2134/agronj2005.0013.

T. Sievers, R.L. Cook, Aboveground and root decomposition of cereal rye and hairy vetch cover crops, Soil Sci. Soc. Am. J. 82 (1) (2018) 147-155, https://doi.
org/10.2136/sssaj2017.05.0139.

Y.C. Lu, K.B. Watkins, J.R. Teasdale, A.A. Abdul_Baki, Cover crops in sustainable food production, Food Rev. Int. 16 (2) (2000) 121-157, https://doi.org/
10.1081/FRI-100100285.

S. Kuo, E.J. Jellum, Long-term winter cover cropping effects on corn (Zea mays L.) production and soil nitrogen availability, Biol. Fertil. Soils 31 (6) (2000)
470-477, https://doi.org/10.1007/s003740000193.

U.M. Sainju, B.P. Singh, Tillage, cover crop, and kill-planting date effects on corn yield and soil nitrogen, Agron. J. 93 (4) (2001) 878-886, https://doi.org/
10.2134/agronj2001.934878x.

J.R. Teasdale, S.B. Mirsky, J.T. Spargo, M.A. Cavigelli, J.E. Maul, Reduced-tillage organic corn production in a hairy vetch cover crop, Agron. J. 104 (3) (2012)
621-628, https://doi.org/10.2134/agronj2011.0317.

Q.M. Ketterings, S.N. Swink, S.W. Duiker, K.J. Czymmek, D.B. Beegle, W.J. Cox, Integrating cover crops for nitrogen management in corn systems on
northeastern U.S. Dairies, Agron. J. 107 (4) (2015) 1365-1376, https://doi.org/10.2134/agronj14.0385.

J.R. Teasdale, T.E. Devine, J.A. Mosjidis, R.R. Bellinder, C.E. Beste, Growth and development of hairy vetch cultivars in the northeastern United States as
influenced by planting and harvesting date, Agron. J. 96 (5) (2004) 1266-1271, https://doi.org/10.2134/agronj2004.1266.

J.A.A. Acosta, T.J.C. Amado, A de Neergaard, M. Vinther, LS da Silva, R da Silveira Nicoloso, Effect of 15n-labeled hairy vetch and nitrogen fertilization on
maize nutrition and yield under no-tillage, Rev. Bras. Ciéncia do Solo 35 (2011) 1337-1345, https://doi.org/10.1590/50100-0683201100040002.8.

G. Laguerre, G. Depret, V. Bourion, G. Duc, Rhizobium leguminosarum bv. viciae genotypes interact with pea plants in developmental responses of nodules,
roots and shoots, New Phytol. 176 (3) (2007) 680-690, https://doi.org/10.1111/§.1469-8137.2007.02212.x.

14


https://doi.org/10.1016/S1002-0160(17)60387-4
https://doi.org/10.1016/S1002-0160(17)60387-4
https://doi.org/10.1002/jeq2.20361
https://doi.org/10.2134/agronj2016.10.0613
https://doi.org/10.2134/agronj2005.0013
https://doi.org/10.2134/agronj2005.0013
https://doi.org/10.2136/sssaj2017.05.0139
https://doi.org/10.2136/sssaj2017.05.0139
https://doi.org/10.1081/FRI-100100285
https://doi.org/10.1081/FRI-100100285
https://doi.org/10.1007/s003740000193
https://doi.org/10.2134/agronj2001.934878x
https://doi.org/10.2134/agronj2001.934878x
https://doi.org/10.2134/agronj2011.0317
https://doi.org/10.2134/agronj14.0385
https://doi.org/10.2134/agronj2004.1266
https://doi.org/10.1590/S0100-06832011000400028
https://doi.org/10.1111/j.1469-8137.2007.02212.x

	A meta-analysis of hairy vetch as a previous cover crop for maize
	1 Introduction
	2 Material and methods
	2.1 Data collection
	2.2 Eligibility criteria
	2.3 Data extraction
	2.4 Calculations
	2.5 Data analysis

	3 Results
	3.1 Hairy vetch effect on maize yield
	3.2 Nitrogen fertilization
	3.3 Comparison between conventional tillage and no-tillage systems
	3.4 Relationship between hairy vetch effect, environmental conditions, and cover crop management
	3.5 Case study

	4 Discussion
	5 Conclusion
	Data availability statement
	CRediT authorship contribution statement
	Declaration of competing interest
	Acknowledgements
	Appendix A Supplementary data
	References


