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Biomass and nutrient cycling by winter cover crops

Jana Koefendét, André Schoffé] Candida Elisa Manfi Diego Pascoal Golle
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ABSTRACT

Cover crops are of fundamental importance for the sustainability of the no-tillage system, to ensure soil coverage
and to provide benefits for the subsequent crop. The objective of this study was to evaluate the production of biomass
and the content and accumulation of nutrients by winter cover crops. The experimental design used in the experiment
was a randomized complete block with four replications and six treatments: oilseed radish, vetch, black oats, vetch +
black oats, vetch + oilseed radish and fallBlack oat, oilseed radish in single cultivation and black oat + vetch and
vetch + oilseed radish intercroppings showed higher dry matter produ¢étoin + oilseed radish intercropping
demonstrates higher performance regarding cycling of nutrients, with higher accumulationd, Rig, S, Cu, Zn,

Fe, Na and B.

Key words: legumes; grasses; macronutrients; micronutrients.

RESUMO

Biomassa e ciclagem de nutrientes por plantas de cobertura de inverno

Culturas de cobertura sdo fundamentais para a sustentabilidade do sistema plantio direto por garantir a cobertura do
solo e por proporcionar beneficios para a cultura subsequente. O presente trabalho teve o objetivo de avaliar a producéo
de biomassa, o teor e acimulo de nutrientes por plantas de cobertura de inverno. O delineamento experimental foi o de
blocos casualizados, com seis tratamentos: nabo forrageiro, ervilhaca, aveia preta, ervilhaca + aveia preta, ervilhaca +
nabo forrageiro e pousio, com quatro repeti¢cdes. O cultivo solteiro de aveia preta, nabo forrageiro e o consércio de aveia
preta + ervilhaca e ervilhaca + nabo forrageiro apresentam maior producéo de matéria seca. O consorcio ervilhaca + nabo
forrageiro demonstra desempenho superior quanto a ciclagem dos nutrientes, com maiores acumukastie Mg
S, Cu, Zn, Fe,NaeB.

Palavras-chave leguminosas; gramineas; macronutrientes; micronutrientes.
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INTRODUCTION it slowly after its management. Considering the role played
by soil cover crops plants in agriculture, particularly during
the winter period, it is highlighted the importance of

B&rrying out studies that quantify the production and th
and green manures had been left Alihough studies on arrying out studies that quantify the production and the

ly of nutrients in dry matteFhe objective of this
this subjected have resumptined, there is still much to S{J‘pp y L ! y . Jectv !
Study was to evaluate the production of green matter

in terms of studies and dissemination of those practices . . .
- matter the content and the accumulation of nutrients in
such as the search for more efficient and adapted Spe%eesaboveground part of plants used in winter cover crops.
to those production systems. Soil protection and cycling
and/or biological fixation of nitrogen, both in V\{inter and inl\/IATERIAL AND METHODS
summer or between harvest seasons will allow the
construction of a production system that prioritizes the The experimentwas carried outin the experimental area
concepts of sustainabilityninimizing production costs, of the Universidade de Cruilta (UNICRUZ) in the
characterized as no-ti”age Cropping system. municipality of CruAlta, Rio Grande do Sul, 28°38'19"S,
Among the plants used as green manure, legumes 362"W and altitude of 452 mhccording to Képpen
present the advantage of symbiotically associatin«aassification,the weather is subtropical Cfa with uniform
themselves with the nitrogen fixing micro-organisms, thu@infall over the yeairhe soil is classified as clayey Red
increasing levels of that macronutrient in the straw (PerfdXiS0l (Embrapa, 2013), with the following characteristics
et al, 2004). Furthermore, the grasses are able t3the 0-20 cm layer: clay: 48%/ater pH = 5.2; Gganic
accumulate large amounts of green matter (Barradas, 20 Mptter = 2.9%; Phosphorus = 3.7 mg@iotassium =116
with a high C/ N ratio and slower decomposition rate if"d dm® Aluminum = 1.8 cmgldm?®, Calcium = 2.9 cml
relation to the legumes, favoring the maintenance of straff™ > Magnesium = 1.5 cmaiim?, Aluminum + Hydrogen
on the soil surface for a longer period of time, acting asa8: 7 ¢mol dm® and base saturation = 35%.
regulator of temperature and soil moisture, as well as | "€ experimental design was a randomized block with
reducing the risk of erosion. Regarding grasse%x treatments and four replications, where treatments
intercropped with legumes, nutrient uptake an@gonsisted of different winter cover crop plants in single or
mineralization rates are higher due to the presence iBfercropped systems, as follows: oilseed rad&tphanus
legumes, thus the straw of these plants is more interesti#gjivusvar oleiformis, Vetch Vicia sativg, black oat
for the composition of a crop rotation system or advena strigosp vetch + black oat, vetch + oilseed radish
contribution to nutrition in agro-ecological systems. Th@nd fallow (spontaneous vegetation). During fajldve
capacity of those species to cycle the available nitrog&®l!0OwWing weeds were more frequefionyzaspp Bidens
in soil and/or to fix atmospheric nitrogen, the higtPilosa Ipomoeaspp. andLolium multiflorum Plots
nitrogen demand of grasses and the high cost of nitroge@nsisted of a 24 frarea and sowing was carried in the
fertilizers contribute to the inclusion of these species iproadcast system in Mayith no additional fertilization.
rotation with corn (Giacomiret al, 2004). Thus, green  Fresh matter production was determined by weighing
manures are of great importance to agriculture becad§€ a@boveground part of the plants after harvest and dry
they promote a more rapid cycling of nutrients promotin§atter was quantified by drying the material in an oven at
their use by the following crop, particularly of thoseP® °C until constant mass, expressing the results inkg ha
elements with leaching potential such as nitrogen ang>@mples of the dry matter of the plants were ground in a
exchangeable cations, or of those that may be relativefyf/ey mill, then packed in containers with 100 g and sent

easy retained in weathered soils, such as phosphofdhe Soil and PlarifissueAnalysis Laboratory at the
(Rodrigueset al, 2012). Universidade Federal do Rio Grande do Sul to determine

Z%he nutrient content, according to the methodology
grown in no-tillage system, Bonjornet al. (2010) escribed byTedescoet al (1995).Accumulations of

demonstrated the economic viability of agro-ecologica acro and micronutrients were obtained by multiplying

management of no-till corn following different winter covert € production of dry mass by the nutrient content of each

. . ) S freatment. Statistical analyzes were performed with the aid
crops. Because of its ability to fix atmospheric nitrogen o . _
and the high rate of decomposition of crop residues, vetgﬂthe statistical program Sisvar (Ferreira, 2011).

is able to provide significant amounts of nitrogen to cor

in succession (Heinrichet al, 2001;Aita et al, 2001). EEESULTSAND DISCUSSION

However black oat dect the supply of nutrients and  No difference was found in the dry and fresh matter
productivity of grains (Ait&t al, 2001) since it accumulates production of cover crops éble 1), and the fresh matter

lower amount of nitrogen in the green matéerd releases production ranged from 5,507 kgh#o 9,248 kg ha

In southern Brazil, as the so-called “modern
technologies have expanded in agriculture, cover cro

When evaluating the effect of cover crops on mai
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According to Lmaet al (2001), fresh matter demonstratesCrotalaria juncea4.0 g kd') by Silvaet al (2014). Oilseed
high variability probably due to the oscillation that occurgadish grown in single cultivation also responded for the
in the water content of the plants in the interval betwedrighest contents of sulfur and calcium. These results differ
sampling and weighing, which may cause variabl&#om those reported by Sil al (2010), who found higher
underestimation of the results. Fallow showed the lowestlfur and calcium contents in pearl millet (2.5 ¢)kand
production of fresh mattesignificantly difering from the in Crotalaria juncea(8.9 g kg'). As for the copper content,
cover species in single and intercropping cultivatiosingle cultivation of vetch and fallow showed the highest
systems. levels, while for zinc and boron, the highest levels were

Crops of black oats, oilseed radish and black oatfeund in the cultivation of vetch, oilseed radish and its
vetch and vetch + oilseed radish intercropping presentedercropping; howevefor zinc, it did not diler statistically
the highest dry matter accumulation. The dry matter &fom fallow. According to Faquin (2001), dicotyledonous
black oat, oilseed radish, vetch, black oat + vetch and vetehsorb more amounts of boron than monocotyledonous.
+ oilseed radish were lower than those obtained byhe manganese content was high in single cultivation of
Carvalhoet al (2007). The authors report the productiorblack oat and black oat intercropped with vetch. These
of 4,632 kg hd, 2,468 kg hd, 2,839 kg hd, 4,564 kg hd,  results difer from those observed Bgixeiraet al (2008),
2,850 kg ha for black oats, oilseed radish, vetch, blackvho found no difference in the content of manganese in
oats + vetch and vetch + oilseed radish, respectively the single cultivation ofCanavalia ensiformisCajanus

A statistically significant difference was found for thecajan,pearl millet and their intercrop&s for sodium, the
nutrient content in the dry matter of cover crops, except foighest values were found in the intercropping.
iron (Tables 2 and 3Y.he content of nitrogen was higherin  Higher accumulations of nitrogen and sodium were
the vetch grown in single cultivation, a higher result thaobserved in vetch intercropped with oilseed radish.
that reported by (Bettiek al, 2015) in a study with Brachiaria Although it did not present higher nitrogen content, the
(Urochloa sp) and its intercropping with gray velvet beangreater accumulation of nutrients in the vetch + oilseed
Canavalia ensiformiCrotolaria junceaandCajanus cajan. radish intercropping may be attributed to a higher
Increases in the content of phosphorus were observedpioduction of dry matter in relation to single cultivation of
fallow, in the single cultivation of vetch and in vetchvetch. Nitrogen accumulation was higher than that
intercropped with oilseed radish. That accumulation afbserved by Silvat al. (2007) in vetch + oilseed radish
phosphorus is higher than that found in the first year @ftercropping, which was 50 kghadn addition, the nitrogen
Mucuna aterrimd3.15 g kg") and lower than that found in accumulation in this study was higher than that found by
the second year (4.80 gRdy Silvaet al. (2014). Inrelation Silvaet al (2014) for pearl milletCrotalaria junceaand
to potassium, the highest values for the nutrient conteBajanus cajargrown in 2010 and 2011, and lower than the
were obtained in the single cultivation of vetch, oilseedccumulation oMucuna aterrimg361 kg h& and 357 kg
radish and in black oats + vetch and vetch + oilseed radisa®) in two years of cultivation, respectivedthough
intercropping, which did not differ statistically from thevetch presents higher nitrogen content in the present study
fallow. This result is higher than that found by (Bettibhl, in relation to the nutrient content Mucuna aterrima
2015) forBrachiaria decumben$18.31g kg) and its (30.4 g kg and 29.5 g k@) of the previous mentioned
intercropping with:Mucuna cinereun(19.51g kg?), study the lagest production of dry matter provided the
Canavalia ensiformi20.06g kg?), Crotalaria juncea high nitrogen accumulation Mucuna aterrimaGiacomini
(20.08g kd) andCajanus cajar{18.44g kg?). et al (2003) found higher nitrogen accumulation in the first

The highest magnesium content was provided byear of oilseed radish crop (101 kghavhich decreased in
oilseed radish and was higher than that found fdhe following years (67 kg Haand 63 kg h4). Thehighest

Table 1 Production of aboveground dry and fresh matter of winter cover crops

Fresh matter Dry matter

Cover Crop
kg ha

Fallow 1,721.00 b 456.50 ¢
Vetch 5,507.00 a 2,100.60 b
Black oat 6,929.50 a 2,742.80 a
Oilseed radish 8,623.10 a 2,736.60 a
Black oat +Vetch 8,374.00 a 2,907.30 a
Vetch + oilseed radish 9,248.00 a 2,743.50 a
CV (%) 30.44 16.62

Groups of means not followed by the same letter in the column degedif by the Scott Kno#t’'test at 5% of probability
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accumulation in the first year was because of the highaccumulation (44.4kg ha') in the cultivation of Brachiaria
availability of nitrogen in the soil, where oilseed radistfUrochloa sp). Giacominiet al. (2003) found higher
succeeded soybean cultivation and in the following yeanshosphorus accumulation in the single cultivation of
the decrease occurred because oilseed radish was sailseed radish and vetch, differing from black oats, and,
after corn cultivation. according to the authors, this result is due to the greater

The highest accumulations of phosphorus and ircaccumulation of this nutrient in legumes in comparison
were found in single crops and intercropping of covep grasses. The accumulated amounts of phosphorus in
crops plants, which diégred only from fallowPittelkow the cover crops were higher than that recorded by Barros
et al. (2012) found higher values for phosphorugt al (2013) inCanavalia ensiformigviucuna aterrima

Table 2 Macronutrient content and accumulation of the aerial part of winter cover crops

Nitrogen Phosphorus Potassium Calcium Magnesium Sulphur
Cover crops
Content (g k@)
Fallow 26.00 b* 450a 40.25 a 8.35¢c 3.07c 3.12b
Black oat 11.50d 3.62b 27.25b 3.62d 2.02d 1.20c
Vetch 34.25a 4.40 a 43.75 a 8.27c 292c 2.10c
Oilseed radish 22.25c¢ 3.45b 39.00a 16.50 a 5.02a 4.87 a
Oat +Vetch 20.25¢c 3.65b 36.00 a 6.30 c 247d 1.80c
Vetch + Oilseed radish 28.75b 435a 42.00 a 12.00 b 3.87b 3.37b
CV % 17.25 6.97 7.80 16.96 10.27 19.83
Nitrogen Phosphorus Potassium Calcium Magnesium Sulphur
Cover crops ;
Accumulation (kg ha?)
Fallow 4475 ¢ 7.75b 69.00 c 14.25¢ 5.25¢ 5.25¢
Black oat 79.75 ¢ 25.00 a 188.75 b 25.00c 13.75b 8.25¢
Vetch 188.75 b 24.25a 240.75 b 4550 b 16.00 b 1150 b
Oilseed radish 192.00 b 29.75a 336.50 a 142.25a 43.25a 42.00 a
Oat +Vetch 169.50 b 30.50 a 301.50 a 52.50 b 20.75b 15.25b
Vetch + Oilseed radish 266.0 a 40.25a 388.50 a 111.00 a 35.75a 31.00 a
CV% 13.75 13.26 13.89 16.85 15.36 16.36

Group of means not followed by the same letter in the column do nfer dify the Scott Knott test at 5% probabilitMutrient
accumulation data transformed by square rooY of 0.5 - SQR (Y + 0.5).

Table 3 Micronutrient content and accumulation of the aerial part of winter cover crops

Copper Zinc Iron Manganese Sodium Boron
Cover crops
Content (g k9
Fallow 9.50 a* 30.25a 672.75a 1225b 47.25b 13.00 b
Black oat 6.00 c 18.25b 561.00 a 241.00 a 76.00 b 250c
Vetch 11.00 a 33.50a 802.75 a 100.75b 7750 b 20.25a
Oilseed radish 5.75¢ 28.00 a 554.25 a 85.50 b 78.75 b 18.75a
Black oat +Vetch 7.75b 23.50b 657.25a 261.00 a 95.00 a 10.75b
Vetch + Oilseed radish 8.25b 29.50 a 456.00 a 97.75b 118.25a 22.00a
CV% 14.64 13.45 34.79 23.23 25.98 26.60
Copper Zinc Iron Manganese Sodium Boron
C
over crops Accumulation (g ha?)
Fallow 16.25 c* 52.00c 1,157.50 b 210.50d 81.50d 2250¢c
Black oat 41.50b 126.25b 3,887.50 a 1,670.00 b 526.50 c 17.50c
Vetch 60.50 a 184.75 a 4,420.75 a 554,75 ¢ 427.00c 111.50b
Oilseed radish 49.75b 241.50 a 4,779.50 a 73750 ¢ 679.00c 161.75a
Black oat +Vetch 65.00 a 197.00 a 5,504.00 a 2,185.75a 795.50 b 89.75b
Vetch + Oilseed radish 76.50 a 272.75 a 4,217.00 a 904.25 ¢ 1,093.50 a 203.25a
CV% 12.51 13.90 13.37 12.29 13.66 15.43
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Stizolobium deeringiznurand sorghum where the  Black oat, oilseed radish and black oat + vetch and
accumulation in these species ranged from (2.66 kg heetch + oilseed radish intercropping present the highest
to 11.33 kg hd) at different cultivation spacings (25 cmdry matter production.

and 50 cm). Larger accumulgted amounts of potassiym Vetch intercropped with oilseed radish presents the
were observed in the cultivation of forage turnip and igjghest accumulation of nitrogen, phosphorus, potassium,

both evaluated intercroppingccording toTeodoroet  cgjcium, magnesium, sulfisoppeyzinc, iron, sodium and
al. (2011), the potassium accumulation capacitygron.
presented by legumes accredits them as a good alternative
for the increase of this element in the production systeREFERENCES
and, in the case of this study contributed to the

" . Aita C, Basso CJ, Ceretta CA, Gongalves CN & Ros CO (2001)
compqsmon of mtercrpps. The_values observed for thePlantas de cobertura de solo como fontes de nitrogénio ao mi-
potassium accumulation are higher than those found byho. Revista Brasileira de Ciéncia do Solo, 25:157-1165.
Giacominiet al (2003). The authors found average&arradas CAA(2010)AdubagéoVerde. Nitersi, Rio Rural. 10p.
accumulation of potassium in the cultivation of oilseed (Manual Técnico, 25)
radish (99 kg hd. They also noted that, on the averagearros DL, Gomide PHO & Carvalho GJ (2013) Plantas de cober-
of three years of cultivation, the treatments consisting oftura e seus efeitos na cultura em sucess&o. Bioscience Journal,
intercropped species: 15% black oat + 85% vetch; 300,29:308-318.
black oat + 70% vetch; 45% black oat + 55% vetch arffttiol IVT, PedrinhoA, Merloti LF, Bossolani JW& Sa ME

. . . . . (2015) Plantas de cobertura, utilizandoochloa ruziziensis

30% black oat + 70% oilseed radish and oilseed radish ( ) ura, Utz Hziziens|

) 8 ) ) MSolteira e em conséreio com leguminosas e seus efeitos sobre a
single cultivation did not dfer from each other  produtividade de sementes do feijoeiro. Uniciéncias, 19:03-10.
corroborating the results of this study Bonjorno Il, Martins LAO, Lana MA, Bittencourt HH, Wildner
For calcium, magnesium and sulfuultivation of LP, Parizotto C, Fayad JA, Comin Mltieri MA & Lovato PE
oilseed radish and oilseed radish intercropped with vetch(2010) Efeito de plantas de cobertura de inverno sobre cultivo
h d the highest lati fth trients. Sil de milho em sistema de plantio direto. Revista Brasileira de
snhowe € nignestaccumuliation o ese nutrients. Iv%groecologia, 5:99-108.

et al (2010) found higher accumulation of calcium InCarvalho 1Q, Silva MJS, Pissaks, PaulettiV & Possamai JC

crotalaria (71.10 kg hg and pearl millet (56.60 kg fa (2007) Espécies de cobertura de inverno e nitrogénio na cober-
and magnesium (47.40 kg'Hand sulfur (35.00 kg ha tura do milho em sistema plantio direto. Scierfigraria, 8:

in pearl millet. These results are inferior to the 179-184.

accumulation of calcium and sulfuand higher than Embrapa - Empresa Brasileira de Pesquigeopecuéria (2013)

: . : . Centro Nacional de Pesquisa de Solos. Sistema Brasileiro de
magnesium accumulation _In this Stud'yOW(.Ever the_ Classificagdo de Sol@®? ed. Brasilia, Embrapa Informagé&o
accumulated values  for calcium and magnesium are highetecnolsgica. 353p.
than _those observed _b)./ Pa_Chemoal' (2013? for the Faquin V (2001) Nutricdo mineral de plantas. Lavras, UFLA/Faepe.
speciesUrochloa ruziziensisUrochloa brizantha 186p.
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cajan On the other hand, the observed accumulation ofCiéncia eAgrotecnologia, 35:1039-1042.

magnesium is lower than those obtained by Séival  Giacomini SJAita C, Chiapinotto IC, HubneAP, Marques MG &
(2014) forCrotalaria junceagrown in the second year of ~Cadore F (2004) Consorciacéo de plantas de cobertura antece-
the crop (50 kg h® and higher than the accumulation of déndo © milho em plantio direto: 1i - Nitrogénio acumulado

. . . . pelo milho e produtividade de gréos. Revista Brasileira de Cién-
pearl millet,Mucuna aterrimaandCajanus cajanand cia do Solo, 28:751-762.
pearl millet +Cr0talar|aJuncealntgrcropAs for Su|fUF Giacomini SJAita C, Vendruscolo ERO, Cubilla M, Nicoloso RS &
the same authors observed higher accumulation infries MR (2003) Matéria seca, relagio C/N e acimulo de nitro-
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than those observed in this study Heinrichs R,Aita C, Amado TJC & FancelliAL (2001) Cultivo

The largest accumulations of copper were found in consorciado de aveia e ervilhaca: relagdo C/N da fitomassa e
g pp produtividade do milho em sucessé&o. Revista Brasileira de Cién-

vetch crops and its intercropping, and for zinc in the cropscia do Solo, 25:331-340.

of vetch, oilseed radish and in the intercopprings. They, gy, Aragdo CA, Morais OMTanaka R & Grassi Filho H

largest manganese accumulation was found in black oat 2001) Adubagdo NK no desenvolvimento e na concentragio

vetch intercropping and for boron, in the single cultivation de macronutrlentes no florescimento do feijoeiro. Scientia
. . . . . . _Agricola, 58:125-129.

of oilseed radish and oilseed radish + vetch intercropping.

Likewise, Barrogt al (2013) found higher accumulations™2checo LPBarbosa JM, Leandr/M, Machado PLOAAssis
( ) 9 RL, Madari BE & Petter & (2013) Ciclagem de nutrientes por

of zinc, boron and copper in legumes than in SUMMeryjantas de cobertura e produtividade de soja e arroz em plantio
grasses. direto. Pesquisdgropecuaria Brasileira, 48:1228:1236.
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