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Abstract
Winter Cover Crops (WCC) into continuous agriculture in Uruguay could improve water erosion control, soil organic
carbon, and crop productivity. On the other hand, could reduced soil water and nutrients interfering with cash crops.
We conducted a four years ﬁeld study on a clay loam (Typic Argiudol) in Uruguay to evaluate the effects of WCC on
soil chemical properties, water content, soil N-nitrate with nitrogen variable rate at V6 on corn productivity. The six
treatments consisted of Common Oat (Avena sativa L.), Annual Ryegrass (Lolium mutiﬂorum L.), Triticale (× Triticosecale
wittmack), Egyptian clover (Trifolium alexandrinum L.), Pea (Pisum sativum L.), and no WCC. The highest corn yields
were observed with no WCC (6.47 Mg ha-1), followed by legumes WCC (5.97 Mg ha-1) and grasses WCC (4.52 Mg ha-1).
These differences were probably due to more soil water content at corn planting (35%) and soil NO3-N at corn planting
and V6 (44 and 36%, respectively) in no WCC than overall WCC. The N yield response in V6 corn was highest in grass
WCC (31%), followed by legume WCC (23%) and no WCC (7%). No soil organic carbon different were detected among
treatments after four years with low risk of soil erosion. This result could be explained by similar carbon inputs (shoot
and roots residue adding corn + cover crops) since the beginning of the experiment (averaged over treatments: 46.5
Mg ha-1). Farmers, who adopt use of WCC, could take disadvantage on low corn yield, therefore could increase cost by
adding more N in corn.
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Introduction
Winter cover crops (WCC) have an important role in
N management and soil erosion control especially
in regions that have high levels of winter precipitation
(1). Winter CC can positively or negatively affect the
following crop by their inﬂuence on nitrogen and water
dynamics (2). Positive effects of WCC on yield have been
attributed to an increase in soil N availability through
a build up of soil organic carbon and N mineralization
during decomposition of WCC residues (3,4,5). Legume
cover crop can increase inorganic soil N availability
through symbiotic N ﬁxation (6). Moreover, legume
residues usually decompose faster than grasses,
releasing inorganic N into the soil that becomes available
for the following crop (7,8). On the other hand, grass
WCC following corn in a no-till system reduced spring
NO3–N accumulation in soil due to N uptake by the
cover crops generated by short-term N immobilization

because of their high C/N ratio that affect the growth
and yield of the following crop (6,9,10). Additionally, N
recovery is directly related with biomass production but
the tissue N concentration is commonly 10 to 15 g kg-1
or less, so the total N accumulation may be low for these
cover crops. As example, biomass production of annual
ryegrass (Loliunm multiﬂorum) for Uruguayan conditions
has shown a high variation (2-8 Mg ha-1) depending on
the winter and spring weather condition (11, 12). Then,
depending on biomass production produced by the cover
crops, these could affect N dynamics and then cash
crops response.
Winter cover crop residues can affect soil water
dynamics by reducing runoff, increasing inﬁltration, and
reducing evaporation, all of which may ultimately beneﬁt
crop yield (13). Conversely, WCC can also compete with
the crop by using soil water during active growth. The
effects of cover crops on soil moisture and cash crop
production are depending on amount and distributions
of precipitations, cover crops species and kill date, and
soil type. Studies have shown that during dry spring,
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WCC depleted soil moisture content increasing the
risk of cropping systems (14). Studies realized by (12)
concluded that with two months from WCC killing date
to corn planting WCC did not deplete soil moisture at
planting corn. However, there was evidenced by visible
signs of greater corn water stress on the WCC plots that
affected corn yields compared to without WCC. Studies
have shown corn following grass WCC yielded the same
as following winter fallow but corn following legume WCC
yielded 24% more than following WCC (15). According to
these authors, corn grown had marginal beneﬁts from the
use of WCC when growing seasons were shorter and WCC
are planted late in the fall. Late fall WCC growth is limited
and spring growth is generally interrupted by corn planting.
This narrow window for plant growth restricts WCC biomass
production and the associated beneﬁts of WCC.
Our objective was to compare winter cover crops before
corn to increase soil fertility under no-till systems with
different N application rates for corn productivity and soil
properties.

cover crops were: Oat (80 kg ha-1), Triticale (80 kg ha1
), Ryegrass (15 kg ha-1), Epyptian Clover (15 kg ha-1),
and Pea (80 kg ha-1). In the Pea plots, the ﬁrst two years
of the experiment was planted with Trifolium balansae
instead. Winter cover crops were not fertilized in entire
cycle. Grasses WCC were terminated prior summer with
applications of glyphosate at rate of 1.7 kg a.i. ha-1 8
wk before corn planting. Egyptian clover and Pea were
killed with glyphosate at 1.7 kg a.i. ha-1 with 2,4-D ester
at 0.532 kg a.i ha-1 at the same time as we did in grass
WCC. A ﬁve-row Semeato® planter (Semeato, Brazil)
was used to plant corn at 72.000 seed ha-1 in a no-till
system at beginning of November. Cultural practices for
cover crops and corn productions were recommended by
the Faculty of de Agronomy best management practices.
Phosphorous to corn was applied according to Faculty
of Agronomy soil test recommendations. Solid urea was
used for nitrogen application rate at corn V6, where plots
within these areas were 15 m long and 5.0 m wide with
ten, 0.50 m rows.

Materials and Methods

Data collection

Site description

Immediately after WCC herbicide applications biomass
dry matter were collected in all cover crops treatments
evaluated. Three sub-samples (0.10 m2 each) were
taken from each plot, dried at 60oC until all moisture
was removed, and weighed to determined dry matter.
Soil moisture was measured at corn planting (end of
October) gravimetrically by taking three cores (2.54
cm diameter) by plot. We evaluated one depth (0-60
cm). The samples were weighing, drying them for 48
h at 105ºC, and reweighing. Volumetric soil water was
calculated using gravimetric soil water and bulk density
for each depth under study. Soil water content for this
loamy clay soil ranges between 0.325 m3 m-3 at ﬁeld
capacity to 0.197 m3 m-3 at the permanent wilting point.
The concentration of soil NO3–N was determined at
0-20 cm depth. Soil samples were taken at corn planting
and V6 as the soil moisture samples. Soil samples were
collected using a standard 25 mm diameter soil probe. A
minimum of eight cores were taken per plot. Soil samples
were dried at 60º C and sieved to 2mm. Concentration
of NO3–N was determined with anion electrode Orion
model 93-07 using CaS04 as ﬂocculent. Soil samples for
SOC content were collected in April 2011. Ten samples
were taken at 0-20 cm composited for each plot. Soil
was lightly crushed and sieved through a 2 mm mesh.

The experiment is located approximately 10 km from
Paysandú (32° 21’ S and 58° 02’ W; 61-m elevation) in
the northwest of Uruguay, South America. The soil was a
clay loam (Typic Argiudol) with an available water holding
capacity of 100 mm in the top 0.6 m of soil proﬁle. The
region is mesothermal sub-humid climate with annual
precipitation of 1200 mm, with a moderately uniform
throughout months, but very unpredictable among years.
In fall 2007, we started a corn-cover crops rotation in an
no till systems. We evaluated six cover crops, Common
Oat (Avena sativa L.), Annual Ryegrass (Lolium
mutiﬂorum L.), Triticale (× Triticosecale wittmack),
Egyptian clover (Trifolium alexandrinum L.), Pea (Pisum
sativum L.), and no WCC. Cover crops and N rate at
Corn V6 were evaluated in a split-plot design with three
replications. The cover crops served as whole plot in the
design and two N applications rates at V6 Corn (0 and
50 Kg N ha-1) served as subplots.
Site management
All winter cover crops were planted in fall (middle of
April), after corn harvest. The plant density used for the
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Soil organic carbon was determined using the Walkey
and Black technique (16). Grain yield on each plot was
measured by harvesting the central 8 m2 by hand and
crop stubble produced was estimate from the average
harvest index for each plot. Crop below growth biomass
was estimated using shoot/ root ratio of 5.6 for corn,
7.4 for Oat, Triticale, and Ryegrass, and 2.2 for Pea and
Egyptian Clover reported by (17).
Statistical analysis
Winter Cover crops and N application rate at V6 (N) were
evaluated using an appropriate Split Plot Designs with
the PROC MIXED procedure of the Statistical Analysis
Systems (SAS) (18). Replications and its interactions
were considered random effects and treatments (WCC
and N) ﬁxed effects. Due to interactions (year × winter
cover crops) cover crops biomass production, soil NO3-N
at planting and V6, soil water available at corn planting
data are presented separately by year. Besides due to
interactions (year × winter cover crops× nitrogen) corn
yield data are presented separately by year. Least square
means comparisons were made using Fisher’s protected
least signiﬁcant differences (LSD). A signiﬁcance level of
P ≤ 0.10 was established a priori.

Jun.

Jul.

Aug.

Sept.

Results and Discussion
Rainfall quantity and distribution were different among
years (Fig. 1). No water deﬁcit or excess were recorded
in winter period for cover crops growing. Between June
to August, mean monthly temperatures were similar
compared to historical average (data no presented). For
corn productivity, early spring and summer were drier in
2007-2008, 2008-2009, and 2010-2011 than average
(-66, -270, and -176 mm less rainfall, respectively). On
the other hand, summer 2009-2010 was extremely wet
(600 mm more than averaged). Between Nov. to Mar.
mean monthly temperatures were similar between 60-yr
average and the period under study (data no presented).
Due to interaction among WCC and years, the biomass
production and soil water available data is presented
by year (Table 1). Among WCC treatments, Pea
presented the highest biomass production among years
considering only the last two years that was in the
experiment (6.04 Mg ha-1). In the last year (2010), Pea
obtained an unexpected high biomass production (7.38
Mg ha-1) compared to the overall WCC (2.23 Mg ha-1).
On the other hand, EC presented the lowest biomass
production (2.44 Mg ha-1). The grasses WCC presented
differences among years; however Oat had the highest
biomass production among years (4.41 Mg ha-1).

Oct.

Nov.
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Jan.

Feb.
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Figure 1. Monthly departure from long-term average rainfall (1935-2011) for the four years under study (2007-2011).
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on the nearly level soil of the site). Available soil water
content at corn planting on 2007, which was the highest
among years, was around 64% of available soil water
capacity. Analyzed by year, the lowest soil water content
was in 2008 and 2009.

Table 1. Cover crops dry matter biomass and available soil water at corn planting for each WCC treatments by year
(2007-2010).
Treatments

2007

2008

2009

2010

Averaged

Biomass Production (Mg ha-1)
No winter CC

0.12

0.17

0.16

0.09

0.15

Oat

3.86

6.98

4.62

2.18

4.41

Triticale

3.30

4.57

4.94

2.09

3.72

Ryegrass

3.06

3.85

1.92

1.81

2.66

Egyptian clover

2.66

2.79

1.49

2.82

2.44

--

4.70

7.38

6.04

3.67

2.97

2.73

a

Pea

--

Averaged

2.60

LSD 0.10 (WCC)
LSD 0.10 (WCC × year)

0.65
0.53

0.83

0.98

0.76

Available water (mm)
No winter CC

70

57

13

59

50

Oat

66

33

19

38

39

Triticale

51

27

25

41

36

Ryegrass

74

20

14

39

37

Egyptian clover

58

29

10

20

29

Pea

--

--

8

42

25

Averaged

64

33

15

40

LSD 0.10 (WCC)
LSD 0.10 (WCC × year)

14
ns

11

As we discuss in Figure 1, the rainfall in late spring were
the lowest for these two years. Averaged over years,
available soil water was affected by WCC treatments
(35% more available water in no WCC compared to
overall WCC) indicating that herbicide application to kill

ns

13

WCC to corn planting date (8 wk) was not enough for
soil water restoration in either WCC evaluated. These
results were different as presented by (12) where with
two months from WCC killing date to corn planting, cover
crops as Ryegrass or Egyptian clover did not deplete
available soil water.
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25

20

15

A

10

5

0
2007

2008

2009

2010

25
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Figure 2. Soil NO3-N in 0-20 cm depth at corn planting (A) and at corn V6 (B) as affected by winter cover crops
treatments in four years (2007-2010).
Due to interactions (winter cover crops × year), soil
NO3-N at corn planting and V6 corn data are presented
separately by year (Fig. 2). No WCC treatment
presented the highest soil NO3-N in all years, especially
in corn planting, but the magnitude of this difference
among type of WCC varied among years. Averaged
over years, no WCC presented the highest soil NO3-N
at corn planting and V6 (44 and 36% more than the
overall WCC, respectively). On the other hand, grasses
WCC (Oat, Triticale and Ryegrass) presented the lowest
value for soil available N determined at corn planting
and V6. These results were similar obtained by (6),

where residue cover crops has been shown to affect N
availability to the following crop, causing a risk of shortterm N immobilization due to high C/N ratio. There was
no difference between no WCC and legumes WCC in
two years (2008 and 2010), but there was a consistent
trend toward increased soil NO3-N at corn planting
in 2010 in legumes WCC compared to no WCC (30%
greater soil NO3-N). Legume cover crop can increase
inorganic soil N availability through symbiotic N ﬁxation
(6). Therefore, due to narrow C/N ratio, legume residues
usually decompose faster than grasses, releasing
inorganic N into the soil that becomes available for the
following crop (8).

Oswaldo Ernst , Mario Pérez Bidegain, José Terra, Mónica Barbazán

299

Table 2. Corn yields as affected by winter cover crops and nitrogen fertilization at Corn V6 in four years (2007-2011).
2007-2008
0N

50 N

2008-2009
AVG

0N

50 N

2009-2010
AVG

0N

2010-2011

50 N

AVG

0N

50 N

AVG

Mg ha-1
No winter CC

4,74

5,01

4,88

8,34

7,52

7,93

7,31

8,24

7,77

4,92

6,28

5,60

Oat

4,33

5,87

5,10

6,12

6 ,67

6,39

1,94

2,68

2,31

4,16

5,75

4,95

Triticale

3,30

6,57

4,93

4,76

5,91

5,34

2,28

3,62

2,95

4,67

5,34

5,01

Ryegrass

4,11

4,86

4,49

5,02

6,15

5,59

1,32

2,00

1,66

4,38

5,46

4,92

Egyptian clover

5,34

5,32

5,33

5,13

5,11

5,12

4,90

7,73

6,31

4,74

5,43

5,08

Pea

--a

--

--

--

--

--

5,50

7,09

6,29

5,21

6,77

5,99

Averaged

4,36

5,53

5,87

6,27

3,87

5,23

4,68

5,84

LSD 0.10 (WCC)

0.57

0.79

0.84

ns

LSD 0.10 (N)

0.26

ns

0.45

0.29

LSD 0.10 (WCC × N)

0.67

ns

ns

ns

Averaged over years, the highest corn yields were
observed with no WCC (6.47 Mg ha-1), followed by
legumes WCC (5.97 Mg ha-1) and grasses WCC (4.52
Mg ha-1) (Table 2). Similar results have been found by
(12) where no WCC resulted 12% in higher corn yields
compared to WCC averaged over 3 years, indicating that
grasses or legume cover crops could deplete corn yields.
As we discuss before, available soil water and NO3-N at
corn planting and V6 were higher in no WCC compared
to legumes and grasses WCC and could be the
explanation about corn productivity. Further, interactions
among WCC × N at V6 × year occurred for corn yields. In
2009-2010, where the weather conditions were excellent
for corn productivity (more rainfall), the N applications
impact were maximized (29 kg grain by Kg N) averaged
over all WCC. Additionally, for this year, despite of the
good rainfall, the grasses WCC without N at V6 was the
worst scenario (1.94, 2.28 and 1.32 Mg ha-1 for Oat,
Triticale, and Ryegrass, respectively). However, this extra
N to corn was not enough to equal the no WCC or legume
WCC. We speculated that several factors are acting in
concert: N immobilization during residue decomposition,
N leaching by rainfall excess and allelopathic effects
that consequently hinder corn growth (19). The others

three years under study with normal o low rainfall for
corn productivity; with just only 50 kg N ha-1 applied to
V6 corn, was sufﬁcient to reach the best corn productivity
treatment (no WCC). Legume CC could serve as a tool
in order to reduce the N introduced to the environment
from intensive corn production systems. However our
results suggest that corn need higher N inputs after
legume CC than in no WCC management. Similar results
have been obtained by other authors. A meta-analysis
over 36 experiment involved corn and sorghum as cash
crop conclude that yields were reduced by an average of
10% under legume cover crop management (20). This
average reduction was explained by inadequate legume
growth. It would be necessary a minimal CC dry matter
production established as those that provided at least
110 kg N ha -1. If this minimal dry matter production is
not provided, additional N will be required to a cash crop
yield equivalent to yields in conventional fertilizer-driven
systems. In Argentina corn yield after legume WCC has
been negatively affected in dry seasons only (21). In
normal and wet seasons corn yields were similar after
N fertilized no WCC than no N fertilized legume WCC.
Only one of the ﬁve years legumes WCC introduced less
than 100 kg N ha-1.
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Table 3. Soil Organic carbon at 2011 and estimate residue input above and below ground for corn and winter cover
crops adding the four years evaluated (2007-2011).
Variable

No WCC

Oat

Triticale

Soil Organic Carbon (g kg-1)

18,2

18,2

17,7

17,9

18,5

17,5

Residue above ground Corn (Mg ha-1)

39,7

27,3

27,2

24,6

32,4

36,5

Residue below ground Corn (Mg ha-1)

4,7

3,2

3,2

2,9

3,9

4,3

Residue above ground cover crops (Mg ha-1)

--

17,6

14,9

10,6

9,8

12,1

Residue below ground Corn (Mg ha-1)

--

2,4

2,0

1,4

4,483

5,5

Total residue (Mg ha-1)

44.5

50.6

47,3

39,6

50,5

58,4

No soil organic carbon signiﬁcantly differences were
detected among WCC treatments after four years with low
risk of soil erosion (Table 3). This result could be explained
by the carbon inputs for corn plus cover crops estimated
through dry matter production (Table 3). We estimate dry
matter input in no WCC of 44.5 Mg ha-1 (only corn) adding
the four years. Despite of the total dry matter inputs for
the other WCC treatments were similar, were composite
completely different. Averaged grasses WCC the total
residue input were 45.8 Mg ha-1 (29.5 corn + 16.3 cover
crops) and for legumes WCC the total residue input was
54.8 Mg ha-1 (38.6 corn + 15.9 cover crops). However,
Pea cover crop that was evaluated just only the last two
years, presented the highest residue above and below
input. On the other hand, Pea cover crop residues usually
decompose faster than grasses (7,8). As resulted, soil
organic carbon measured after four years did not present
signiﬁcant differences among WCC evaluated. According
to (22), winter cover crops modiﬁes soil organic fraction
quickly, but its effect on total soil organic carbon depend
on CC production and its C/N ratio.
Corn monoculture in tropical conditions under no-tillage
system provided higher soil organic content and waterstability of soil aggregates than corn combined with
different winter crops (23). Rihzodeposit and greater
physical protection by crop residues are possible
mechanisms determining of water stability aggregation
and soil organic protection.
Conclusions
Our results indicated that the WCC depleted available
soil water at corn planting (-35%) compared to without

Ryegrass Egyptian C.

Pea

WCC. Moreover, soil NO3-N at corn planting and V6
was 41 and 29%, higher in no WCC than overall WCC,
respectively, being stronger the difference compared
to grasses WCC. These better soil conditions at corn
planting in no WCC resulted in highest corn yields (6.47
Mg ha-1), followed by legumes WCC (5.97 Mg ha-1) and
grass WCC (4.52 Mg ha-1). Averaged over years, the N
yield response in V6 corn was highest in grass WCC
(31%), followed by legume WCC (23%) and no WCC
(7%). Nitrogen fertilization at corn V6 stage could reduce
the corn yield difference among use of WCC compared
to no WCC in wet summer, but it was uncertain in a
normal o dry weather conditions.
After four years of integrated winter cover crops in
a corn monoculture, no soil organic carbon different
were detected among treatments. These results could
be explained by similar residue inputs in all treatments
evaluated (shoot and roots residue adding corn + cover
crops) since the beginning of the experiment (averaged
over treatments: 46.5 Mg ha-1). Farmers, who adopt use
of WCC to reduce erosion potential and consequently
improve soil fertility in the middle-long term in western
Uruguay, could take disadvantage on low corn yield in
the short term, therefore could increase cost by adding
more extra N in the systems.
Acknowledgements
Technical expertise and assistance in conducting this
experiment of Agronomist Elliot, E. and Mr. Acevedo. J.
is appreciate as well as student Masoller, H., Olazarri,
G., Uribe, E., Camelo, L., Leiva, P., Lopez, F., Bratchi, A.

Oswaldo Ernst , Mario Pérez Bidegain, José Terra, Mónica Barbazán

References
1. Kowalenko, C.G., 1987. The dynamics of inorganic
nitrogen in a Fraser Valley soil with and without spring
or fall ammonium nitrate applications. Canadian
Journal Soil Science 67:367–382.
2. Thorup-Kristensen, K., J. Magid, L.S. Jensen, 2003.
Catch crops and green manures as biological tools in
nitrogen management in temperate zones. Advances
in Agronomy 79:227–302.
3. Frye, W.W., R.L. Blevins, M.S. Smith, S.J. Corak, and
J.J. Varco, 1988. Role of annual legumes cover crops
in efﬁcient use of water and nitrogen. p. 129–154. In
W.L. Hargrove (ed.) Cropping strategies for efﬁcient
use of water and nitrogen. ASA Spec. Publ. no. 51,
Madison, WI.
4. Reeves, D.W. 1997. The role of soil organic matter
in maintaining soil quality in continuous cropping
systems. Soil Tillage Res. 43:131–167.
5. Kuo, S., U.M. Sainju, and E.J. Jellum. 1997. Winter
cover crops effects on soil organic carbon and
carbohydrate in soil. Soil Sci. Soc. Am. J. 61: 145–
152.
6. Ranells, N.N., M.G. Wagger, 1997. Nitrogen-15
recovery and release by rye and crimson clover cover
crops. Soil Science Society of American Journal
61:943–948.
7. Wagger, M.G. 1989, Cover crop management and
nitrogen rate in relation to growth and yield of no-till
corn. Agronomy Journal 81:533–538.
8. Varco, J.J., W.W. Frye, M.S. Smith, and C.T. MacKown,
1989. Tillage effects on nitrogen recovery by corn
from a nitrogen-15 labeled legume cover crop. Soil
Science Society American Journal 53:822–827.
9. Wagger, M.G., and D.B. Mengel, 1993. The role of
nonleguminous cover crops in the efﬁcient use of
water and nitrogen. p. 115–127. In W.L. Hargrove
(ed.) Cropping strategies for efﬁcient use of water
and nitrogen. ASA Spec. Publ. no. 51, Madison, WI.
10. Ditsch, D.C., M.M. Alley, K.R. Kelley, and Y.Z. Lei.
1993. Effectiveness of winter rye for accumulating
residual fertilizer N following corn. J. Soil Water
Conserv. 48(2):125–132.
11. Siri-Prieto, G., O. Ernst. J. Ingold, D. Feller, M.
Bastos. 2006. Cover Crop and Maturity Group
Effects on Soil Water Content and Soybean Yield. In
17th Triennial Conference International Soil Tillage
Research Organization, 2006. Kiel, Germany.

301

12. Siri Prieto, G., Ernst, O. 2009. Corn Yield As Affected
By Legume Or Grass Cover Crops And Nitrogen
Application Rate. In: ISTRO, 2009, Izmir, turkey.
Triannual conference. 2009.
13. Unger, P.W., and M.F. Vigil, 1998. Cover crops effects
on soil water relationships. J. Soil Water Conserv.
53:200–207.
14. Munawar, A., R. L. Blevins, W. W. Frye, M. R. Saul,
1990. Tillage and cover crop management for soil
water conservation. Agronomy Journal 82:773-777.
15. Míguez. F. E., G. A. Bollero, 2005. Review of corn yield
response under winter cover cropping systems using
meta-analytic methods. Crop Science 45:2318-2329.
16. Nelson, D.W., Sommers L.E., 1982. Total carbon,
organic carbon, and organic matter. In: Page, A.L.,
Miller, D.R. (Eds.), Methods of Soil Analysis II.
Chemical and Micro-biological Properties. American
Society of Agronomy, Madison, WI, pp. 539-579.
17. Bolinder, M.A., Janzen, H.H., Gregorich E.G., Angers,
D.A., and VandenBygaart, A.J., 2007. An approach
for estimating net primary productivity and annual
carbon inputs to soil for common agricultural crops
in Canada. Agriculture, Ecosystems & Environment
118 (1-4), 29-42.
18. Little, R. C., W. W. Stroup, and R. J. Freund. SAS
for Linear Models, Fourth Edition. SAS Institute, Inc.,
Cary, NC [USA]. 2002. 466 pp.
19. Weston, L.A. 1993. Allelopathic potential of selected
cover crops for row crops, pasture and forage
species. p. 42–54. In Proc. South. Pasture and
Forage Crop Improve. Conf., 49th, Sarasota, FL.
14–16 June 1993.
20. Tonitto, C., M.B. David, and L.E. Drinkwater. 2006.
Replacing bare fallows with cover crops in fertilizerintensive cropping systems: A meta-analysis of
crop yield and N dynamics. Agriculture, Ecosystems
&amp; Environment 112:58-72.
21. Restovich, S.B., A.E. Andriulo, S.I. Portela. 2012.
Introduction of cover crops in a maize-soybean
rotation of the Humid Pampas: Effect on nitrogen
and water dynamics. Field Crop Research 128:62-70.
22. Ding, G., X. Liu, H. Stephen, N. Jeffrey, X. Baoshan.
2009. Effect of cover crop management on soil
organic matter. Geoderma 130:229-239.
23. dos Reis Martins, M., J.E. Cora, R. Falqueto, A.M.
Valente. 2009. Crop type inﬂuences soil aggregation
and organic matter under no-tillage. Soil & Tillage
Research 104:22–29.

