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ABSTRACT:  

The use of cover crops as green manure was studied in a 6-year field experiment in a tropical 

sandy soil. Our aim was to assess whether Facabeae and Poaceae plants used as green manure 

can improve soil fertility and soil C stock by their biomass production and incorporation into soil 

profile. We compared the soil chemical properties, the aboveground and belowground growth 

rate of ten different cover crops used as green manure in a long-term field experiment. Our 

findings showed that C. ensiformis and N. wightii showed the highest aboveground and 

belowground growth rate, respectively. The incorporation into soil profile with B. decumbens and 

P. glaucum as green manure improved both the soil Ca2+, and K+ contents. While the highest 

values of available P were found on plots where C. ensiformis was cultivated. For soil organic 

carbon stocks, we found the highest values on plots where M. pruriens and D. lablab were 

cultivated. Our results emphasized the importance to consider the Fabaceae plants (e.g., C. 

ensiformis, D. lablab, M. pruriens, and N. wightii) as soil conditioners against soil erosion, soil 

organic matter loss, low P fertility, and plant nutrient leaching. On the other hand, the Poaceae 

species (e.g., B. decumbens, and P. glaucum) can be considered as potential promoters of soil Ca2+ 

and K+ contents in tropical sandy soils. 

KEYWORDS:  Soil organic carbon. Fabaceae plants. Poaceae plants. Plant-soil feedback. 

 

         Resumo 

O uso de culturas de cobertura como adubo verde foi estudado em um experimento de campo 

de 6 anos em solo arenoso tropical. Nosso objetivo era avaliar se as plantas Fabaceae e Poaceae 

usadas como adubo verde podem melhorar a fertilidade do solo e o estoque de solo C, no perfil 

do solo. Comparamos as propriedades químicas do solo, a taxa de crescimento acima do solo e 
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subterrânea de dez culturas de cobertura usadas como adubo verde em um experimento de 

campo de longo prazo. Nossos achados mostraram que C. ensiformis e N. wightii apresentaram a 

maior taxa de crescimento acima do solo e subterrânea, respectivamente. A incorporação no 

perfil do solo com B. decumbens e P. glaucum como adubo verde melhorou tanto o teor de Ca2+ 

quanto K+ do solo. Enquanto os maiores valores de P disponíveis foram encontrados em parcelas 

onde C. ensiformis foi cultivado. Para os estoques de carbono orgânicos do solo, encontramos os 

maiores valores em parcelas onde M. pruriens e D. lablab foram cultivados. Nossos resultados 

enfatizaram a importância de considerar as plantas de Fabaceae (por exemplo, C. ensiformis, D. 

lablab, M. pruriens e N. wightii) como condicionadores de solo contra a erosão do solo, perda de 

matéria orgânica do solo, baixa fertilidade de P e lixiviação de nutrientes das plantas. Por outro 

lado, as espécies de Poaceae (por exemplo, B. decumbens e P. glaucum) podem ser consideradas 

como potenciais promotoras do conteúdo Ca2+ e K+ do solo em solos arenosos tropicais. 

PALAVRAS CHAVE: Carbono orgânico do solo. Plantas Fabaceae. Plantas Poaceae. Feedback planta-

solo.  

 

Resumen 

El uso de cultivos de cobertura como abono verde se estudió en un experimento de campo de 6 

años en un suelo arenoso tropical. Nuestro objetivo fue evaluar si las plantas Fabaceae y Poaceae 
utilizadas como abono verde pueden mejorar la fertilidad del suelo y el stock de C del suelo por 

su producción al perfil del suelo. Comparamos las propriedades químicas del suelo, la tasa de 

crecimiento sobre el suelo y bajo tierra de diez cultivos de cobertura diferentes utilizados como 

abono verde en un experimento de campo a largo plazo. Nuestros hallazgos mostraron que C. 

ensiformis y N. wightii mostraron la tasa de crecimiento más alta sobre el suelo y bajo tierra, 

respectivamente. La incorporación al perfil del suelo con B. decumbens y P. glaucum como abono 

verde mejoró tanto el contenido de Ca2+ como el de K+ del suelo. Mientras que los valores más 

altos de P disponible se encontraron en parcelas donde se cultivó C. ensiformis. Para las reservas 

de carbono orgánico del suelo, encontramos los valores más altos en parcelas donde se 

cultivaron M. pruriens y D. lablab. Nuestros resultados enfatizaron la importancia de considerar las 

plantas de Fabaceae (por ejemplo, C. ensiformis, D. lablab, M. pruriens y N. wightii) como 

acondicionares del suelo contra la erosión del suelo, la pérdida de materia orgánica del suelo, la 

baja fertilidad de P e la lixiviación de nutrientes de las plantas. Por otro lado, las especies de 

Poaceae (por ejemplo, B. decumbens y P. glaucum) pueden considerarse como promotores 

potenciales del contenido de Ca2+ y K+ del suelo en suelos arenosos tropicales. 

PALABRAS CLAVE: Carbono orgánico del suelo. Plantas fabaceae. Plantas poaceae. 

Retroalimentación planta-suelo.  

 

1. Introduction 

In Brazil, the last decade was characterized by an increase in the degraded areas around all the 

country because of the conventional monocropping systems without any program of soil and plant 

management (BRASIL NETO et al., 2021). Most of these degraded areas cover the sandy soils domain 

where negative soil processes have been reported, such as soil erosion, plant nutrient leaching, and soil C 

stock losses (SOUZA, Tancredo, et al., 2018; TITOVA & BALTRĖNAITĖ, 2020). Management 

practices as the use of cover crops as green manure may find sustainable ways to reduce these problems 

by favoring the use of organic sources and trying to recover soil fertility (SANCHES et al., 2021). Some 

studies were done considering the green manure as an interesting alternative to improve soil fertily, such 
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as the use of cover crops (e.g., here acting as soil cover and reducing soil erosion and nutrient leaching) 

which their consecutive soil incorporation (e.g., here acting as green manure and improvind soil fertility 

and soil C stock). However, in the North-eastern Brazil, these kinds of reports have remained unclear 

(SOUZA & FREITAS, 2018; NONG et al., 2021; ROSA et al., 2021). Overall, positive plant-soil 

feedback (e.g., improved soil organic carbon pools, and soil Ca2+, K+ and P contents) has been reported 

in tropical soils where green manure were used as soil mansagement practice (JIN et al., 2019; YAO et 

al., 2019; RODRIGUES et al., 2020; SOUZA et al., 2021). 

The use of green manure may reduce the costs related to plant production by reducing the use of 

mineral fertilizers and in turns promoting the soil physical-chemical properties (FERNANDEZ ET AL., 

2020, ZHOU et al., 2020). Some Fabaceae plants have been recommended for tropical soil trought their 

fast growth and high biomass production, such as the species Crotalaria juncea and C. spectabilis 

(MEENA & LAL, 2018). Thus, knowing the benefits that the green manure practice can provide to the 

soil ecosystem, we must consider it as a soil fertility promoter into tropical soils (STABILE et al., 2020). 

In this context, we hypothesized that in tropical soils cover crops with high growth rate and high shoot 

and root biomass production may improve soil fertility and soil C stock by their biomass incorporation 

and decomposition. We start from this assumption, based on the studies carried out by Souza et al. 

(2018), Melo et al. (2019), Forstall-Sosa et al. (2020), Barbosa et al. (2021), and Nascimento et al. 

(2021a) in a long-term field experiment using green manure in the Tropics. These studies have reported 

the use of Fabaceae plants with positive results on biomass production, soil organic carbon, soil biota, 

gas exchange, plant nutrition, soil organisms, and soil quality.  

It hard to apply the green manure management practice in Tropical ecosystems because two main 

factors: i) the lack of information about this management practice into the North-eastern Brasil; and ii) 

the idea that the long dry periods over the year must be a barrier for the correct use of this practice. 

There are evidence showing that the green manure practice may increase the soil organic matter, nutrient 

cycling, plant growth, and soil quality (GAO et al., 2018; MELO et al., 2019a; FORSTALL-SOSA et al., 

2020). To evaluate these processes in Tropical ecosystem, we analyzed the shoot and root biomass 

production to estimate the above-, and belowground growth rate, and total biomass production (ZHANG 

et al., 2019, KHAN et al., 2020). Besides that, we evaluated the available P; exchangeable Ca; 

exchangeable K, and soil carbon pool (ADEKIYA et al., 2019). According to the multivariate soil 

quality index proposed by Nascimento et al. (2021b), these soil chemical properties can provide the best 

results about the benefits of using cover crops as green manure in a tropical sandy soil. Previous studies 

have showed that in a long-term field experiment on a Regosol, the use of legume cover crops was an 

alternative to enhance soil chemical properties after 6 years of its cultivation and incorporation into soil 

profile (SOUZA, Giliane, et al., 2018; MELO et al., 2019a; FORSTALL-SOSA et al., 2020; 

NASCIMENTO et al., 2021a). In this experiment, our aim was to evaluate the effect of cover crops used 

as green manure under: i) soil chemical properties (e.g., Ca2+, P, K+, and SOC pools); ii) the above- and 

belowground growth rate; and iii) total biomass production. To accomplish this aim, we combined: a) 

soil samplings; b) Predictive models for determine above- and belowground growth rate (SUJA et al., 

2017); and c) total biomass by quantification of above- and belowground biomass (LASISI et al., 2018). 

 

2. Material and methods   

The experiment was carried out in a 6-year field experiment that used cover crops (plant species 

from Fabaceae and Poaceae) as green manure at the Experimental Station “Chã-de-Jardim”, Agricultural 

Science Center, Federal University of Paraíba, located in Areia, Paraiba, Brazil (06° 58′ 12″ S, 35° 42′ 

15″ W, altitude 619 m.a.s.l.) from July to December 2019. The climate type in the experimental area is 

the Savanna Tropical type, with average annual precipitation and air temperature of 1,330 mm and 

+22.5°C, respectively (SILVA et al., 2019; NASCIMENTO et al., 2021a). Climate data, monthly 

rainfall, and mean air temperature for Areia, Paraiba, Brazil (July to December 2019) (Fig 1), were 
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obtained online: http://www.inmet.gov.br. The soil was classified as a Regosol with a sandy texture 

(WRB, 2006). 

 

 

Figure 1. Monthly precipitation (mm, grey bars) and temperature (ºC, black line) data from the experimental area, Areia, 

Paraiba, Brazil (July to December 2019). Data were obtained online: http://www.inmet.gov.br. 

 

The area was initially planted in 2014 (the current dataset is from the end of the 6-year field 

experiment) using the same experimental design. During the years we have aimed to study all aspects 

related to the cover crops on agronomic performance (SOUZA, Giliane, et al., 2018), biomass 

production, plant nutrition (MELO et al. 2019a), transpiratory rate, arbuscular mycorrhizal fungi (MELO 

et al., 2019b; BARBOSA et al., 2021), soil biota (FORSTALL-SOSA et al., 2020), and soil quality 

(NASCIMENTO et al., 2021b). In each studied year, all the cover crops were grown at a distance of 0.50 

× 0.50 m, and they were distributed into two main groups: Fabaceae (8 plant species) and Poaceae (2 

plant species). For more details on soil preparation, use of fertilizers, liming, doses, and method of 

application, see Souza et al. (2018), Forstall-Sosa et al. (2020), and Nascimento et al. (2021a). The field 

experiment was organized in a randomized block design, with five blocks, and ten treatments: 

Brachiaria decumbens Stapf., Canavalia ensiformis (L.) DC, Crotalaria juncea L., Crotalaria 

ochroleuca G. Don, Crotalaria spectabilis Roth, Lablab purpureus (L.) Sweet, Mucuna pruriens (L.) 

DC, Neonotonia wightii (Wight & Arn.) JA Lackey, Pennisetum glaucum L., and Stilozobium aterrimum 

Piper e Tracy. All cover crops were cultivated in the same plots (6 × 4 m) during 6 consecutive years, 

following a monocropping system (Table 1). All the plant species were seeding in eight lines, with a 

seeding rate of 400 seeds m−2 and 2 cm of deep.  

 

Table 1. Studied plant species (eight Fabaceae species and only two Poaceae species) used as green manure and their main 

characteristics during the field experiment. 

Cover crops Family Flowering (days) Plant density (plants plot−1) 

Brachiaria decumbens Poaceae 180 480 

Canavalia ensiformis Fabaceae 70 480 

Crotalaria juncea Fabaceae 55 240 
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To evaluate the aboveground and belowground biomass production, we selected and marked ten 

plants with homogeneous traits (e.g., height, number of leaves, stem diameter, and without leaves’s 

damage by pests or diseases) per plot during the flowering stage. Next, all marked plants were cuted at 

5-cm above the soil surface, packaged in paper bags, and oven-dryed at 65 ºC. We used the shoot dry 

biomass to estimate the aboveground biomass production (kg ha-1) following the equation described by 

Forstall-Sosa et al. (2020). The aboveground growth rate was estimated using the following equation: 

𝐴𝐺𝑅 (%) =
𝑙𝑛𝐴𝐵𝑃+1.60944

𝑁𝐷−1
 x 100, where AGR, ABP, and ND are the aboveground growth rate (%), the 

aboveground dry biomass production (kg ha-1), and the number of days to reach the flowering stage, 

respectively. For belowground biomass production, we collected ten soil monoliths with 0.20 × 0.20 × 

0.20 m from the same marked plants following the protocol described by Souza and Santos (2018). Each 

soil monolith was wrapped using plastic film and transported with minimal disturbance until analysis. 

During our analysis, the fine roots were sampled by washing the root material in a nylon sieve with 0.5 

mm of mesh. The root dry biomass per monolith (g monolith-1) was determined after drying for 48 h at 

65 ºC. We used the root dry biomass per monolith to estimate the belowground biomass production 

following the equation described by Nascimento et al. (2021a). The belowground growth rate was 

determined using the following equation: 𝐵𝐺𝑅 (%) =
𝑙𝑛𝐵𝐵𝑃+2.99573

𝑁𝐷−1
 x 100, where BGR, BBP are the the 

belowground growth rate (%), and the belowground dry biomass production (kg ha-1), respectively.  

To start the soil fertility assay, we incorporated all aboveground biomass in each studied plot into 

soil profile (0-20 cm soil depth) after concluding the shoot and root collection to estimate dry biomass. 

After 90 days of plant incorporation into soil profile, five soil samples per plot were collected (0-20 cm 

soil depth) with a soil auger. We analysed the available soil P (e.g., extracted by Mehlich-1 protocol); 

the exchangeable Ca (e.g., extracted using potassium chloride); the exchangeable K (e.g., extracted by 

Mehlich-1), and the soil C stock was estimated using the following equation: SOCstock = SOCcontent * BD 

* 0.20, where SOCstock (t C ha-1), SOCcontent (g kg-1), BD (g cm-3) are the soil organic carbon stock, the 

soil organic carbon content, and the bulk density, respectively. Methods to characterize available soil P, 

exchangeable Ca, exchangeable K, and the soil C stock were fully described by Nascimento et al. 

(2021a) and performed according to Teixeira et al. (2017). 

 All statistical analysis were run using R, version 3.4.0 (R CORE TEAM, 2018). Before analysis, 

all variables were tested for normality (e.g., by the Shapiro-Wilk test using the “shapiro.test” function in 

the “stats” package) and homoscedasticity (e.g., by the Bartlet test using the “bartlett.test” function in the 

“dplyr” package), and log transformations were applied using the “decostand” function in the “vegan” 

package to meet both required criteria. To compare the effects of the studied cover crops on soil fertility 

and soil C stock, we used the “kruskal.test” function in the “stats” package, and the means by each 

studied treatment were compared by using the Bonferroni’s test. Differences in aboveground and 

belowground growth rate, and soil chemical properties between Fabaceae and Poaceae groups were 

determined by non-parametric t test followed by Monte Carlo test (100 replicates). 

Crotalaria ochroleuca Fabaceae 55 240 

Crotalaria spectabilis Fabaceae 76 240 

Dolichos lablab Fabaceae 90 480 

Mucuna pruriens Fabaceae 124 240 

Neonotonia wightii Fabaceae 75 480 

Pennisetum glaucum Poaceae 66 480 

Stilozobium aterrimum Fabaceae 124 480 
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3. Results 

We found significative effects of the studied cover crops used as green manure on aboveground 

and belowground growth rate (χ2
9,486 = 28.38, p < 0.001, and χ2

9,486 = 83.41, p < 0.001, respectively). The 

highest values of the aboveground growth rate were found on plots where C. ensiformis was cultivated 

(3.71 ± 0.06 %), while for the belowground growth rate the highest values were found on plots where N. 

wightii was cultivated (15.88 ± 0.27 %). We also found significative differences between Fabacea and 

Poacea groups on both above- and belowground growth rate (p < 0.01, and p < 0.001, respectively) by 

the non-parametric t test (Table 2). 

 
Table 2. Aboveground and belowground growth rate by the studied cover crops used as green manure observed in the field 

experiment during the flowering stage, Areia, Paraiba, Brazil (mean ± SD, n = 500). 

***; ** Significative differences at p < 0.001, and p < 0.01, respectively. 
1Different small letters indicate significative differences among the studied cover crops used as green 

manure assessed by the Bonferroni’s test (p < 0.05). 
2Independent sample t test comparing Fabaceae vs. Poaceae group. 

 

We found significative differences among the studied cover crops used as green manure by the 

Kurskall-Walis test on soil Ca2+ (χ2
9,486 = 13.91, p < 0.001), K+ (χ2

9,486 = 13.24, p < 0.01), available P 

(χ2
9,486 = 36.82, p < 0.001), and SOC pools (χ2

9,486 = 21.68, p < 0.01). The highest values of exchangeable 

Ca2+ (2.00 ± 0.70 cmolc kg-1) were found on plots where B. decumbens was cultivated. For the 

exchangeable K+, we found the highest values on plots where P. glaucum (38.50 ± 8.70 mg kg-1) and B. 

decumbens (37.00 ± 21.50 mg kg-1) were cultivated, respectively. Next, the highest values of available P 

were found on plots where C. ensiformis (13.02 ± 1.07 mg kg-1) were cultivated. Finally, for SOC pools 

the highest values were found on plots where M. pruriens (13.55 ± 1.70 t C ha-1), D. lablab (13.17 ± 

0.82 t C ha-1) were cultivated. We also found significative differences between Fabacea and Poacea 

groups on all studied chemical properties by the paired t-test (Table 3). 

 

Table 3. Aboveground and belowground growth rate by the studied cover crops used as green manure observed in the field 

experiment during the flowering stage, Areia, Paraiba, Brazil (mean ± SD, n = 500). 

Cover crops1 Aboveground growth rate (%) Belowground growth rate (%) 

B. decumbens 0.08 ± 0.05 e 14.54 ± 0.17 b 

C. ensiformis 3.71 ± 0.06 a 12.52 ± 0.28 c 

C. juncea 1.21 ± 0.49 c 9.33 ± 0.41 e 

C. ochroleuca 1.87 ± 0.80 b 11.09 ± 0.37 d 

C. spectabilis 2.30 ± 0.45 b 11.88 ± 0.41 c 

D. lablab 0.19 ± 0.12 d 12.76 ± 0.52 c 

M. pruriens 0.94 ± 0.07 d 13.17 ± 0.40 c 

N. wightii 0.62 ± 0.12 d 15.88 ± 0.27 a 

P. glaucum 0.41 ± 0.39 d 10.13 ± 0.44 e 

S. a1terrimum 1.11 ± 0.20 c 12.73 ± 0.31 c 

χ2 value 28.38*** 83.41*** 

Fabaceae vs. Poaceae group2 8.13** 23.78*** 

Cover crops1 Ca2+ (cmolc kg-1) K+ (mg kg-1) P (mg kg-1) SOCpools (t C ha-1) 

B. decumbens 2.00 ± 0.70 a 37.00 ± 21.50 a 7.43 ± 1.36 d 12.42 ± 0.76 b 
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***; ** Significative differences at p < 0.001, and p < 0.01, respectively. 
1Different small letters indicate significative differences among the studied cover crops used as green 

manure by the Bonferroni’s test (p < 0.05). 
2Independent sample t test comparing Fabaceae vs. Poaceae group. 

 

3. Discussion  

Our results showed the importance of considering cover crops used as green manure for 

inproving soil chemical properties, and soil organic carbon stocks by the incorporation into soil profile 

of their aboveground and belowground biomass. Essentially, we wanted to understand how the 

consecutive use (e.g., 6 years) of Fabaceae and Poaceae plants as green manure changes the soil Ca2+, 

K+, available P, and soil organic C stocks in a tropical sandy soil. Previous studies have reported these 

soil chemical properties as the most important variables if we are aiming for high plant production and 

soil quality (SOUZA, Tancredo, et al., 2018; BARBOSA et al., 2021; NASCIMENTO et al., 2021b). 

According to the soil quality index proposed by Forstall-Sosa et (2020), these soil variables may affect 

positively the entire soil food web, thus promoting positive plant-soil feedback by recycling nutrients. 

The results of this study revealed that long-term cover crops cultivation with green manure significantly 

increased the contents of exchangeable cations (Ca2+ and K+), available P, and SOC pools. We also 

highlighted the importance of considering plant species with different above- and belowground growth 

rate. The first one could be used in order to reduce soil erosion, once the plant species cover the soil 

surface faster than other that present low aboveground growth rate. In our study, the plots where C. 

ensiformis was cultivated showed this phenomenon. On the other hand, the second one could be an 

interesting way to improve soil porosity, and water and nutrient uptake, once the roots may cover a wide 

area in a short period as we found on plots where N. wightii was cultivated.     

Overall, long-term cover crops cultivation with green manure promoted soil improvements after 

90 days of their residue incorporation in the soil profile. We also must consider the rhizodeposition 

hypothesis described by Lucena et al. (2021), which described plant species increasing nutrient cycling 

and contribute to minimize organic carbon losses into their rhizosphere trough the root exudation 

process (INAGAKI et al., 2021; HUANG et al., 2020). This condition is relatively important for tropical 

soils, which in monoculture systems increase organic carbon losses for atmosphere and decrease soil 

fertility over time (BALASUBRAMANIAN et al., 2020). Based on the hypothesis called “island of 

fertility” proposed by Souza et al. (2018), Melo et al. (2019a) and Nascimento et al. (2021a), the green 

manure practive can reduce 69% of the overall costs with organic fertilizers, due to its high capacity of 

promote ecosystem services, increasing the availability of nutrients for plants (Ca2+, K+, and P) and 

serving as source of organic material for soil protection (SOC stocks). Our initial hypothesis that 

leguminous species can promote soil fertility, and thus higher above- and belowground growth rate was 

supported, except for the exchangeable Ca2+ and K+ content that was promoted by Poaceae plants. 

C. ensiformis 1.80 ± 0.50 b 36.00 ± 12.90 b 13.02 ± 1.07 a 11.64 ± 1.44 c 

C. juncea 1.70 ± 0.60 b 28.00 ± 17.50 d 5.70 ± 2.35 c 11.45 ± 1.69 c 

C. ochroleuca 1.30 ± 0.10 d 34.70 ± 8.60 b 7.19 ± 2.03 e 12.19 ± 1.01 b 

C. spectabilis 1.50 ± 0.30 c 21.00 ± 10.00 e 11.81 ± 1.77 b 12.57 ± 1.26 b 

D. lablab 1.60 ± 0.30 c 34.00 ± 17.30 b 7.76 ± 2.63 d 13.17 ± 0.82 a 

M. pruriens 1.20 ± 0.10 d 32.50 ± 6.30 c 4.77 ± 0.84 d 13.55 ± 1.70 a 

N. wightii 1.60 ± 0.30 c  27.50 ± 11.30 d 6.79 ± 2.32 d 12.82 ± 1.14 b 

P. glaucum 1.50 ± 0.20 c 38.50 ± 8.70 a 5.88 ± 1.51 e 12.07 ± 1.49 b 

S. a1terrimum 1.40 ± 0.10 d 34.10 ± 10.50 b 9.50 ± 1.86 c 11.42 ± 1.34 c 

χ2 value 13.91** 13.24** 36.82*** 21.68** 

Fabaceae vs. 

Poaceae group2 

9.45*** 9.11*** 9.57*** 10.56*** 
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However, it is important to highlight that green manure species have distinct agronomic traits and 

nutritional requirements and, for this reason, they exert different effects about the availability of 

nutrients in the soil profile (HANSEN et al., 2021; FONTANA et al., 2021). 

The data highlighted the positive effect of Fabaceae cover crops to the above- and belowground 

growth rate (e.g., C. ensiformis, and N. wightii, respectively). A positive effect of Fabaceae plant species 

on the aboveground growth rate (ASSIS et al., 2019, GLICK et al., 2021) as well as for belowground 

growth rate (AMEDE et al., 2021) has been frequently found. The aboveground trait is an important 

mechanism to increase aboveground branching, and a survival strategy for the dry season (SILVA et al., 

2020). It also promotes soil cover thus reducing soil erosion. The use of fast-growing plant species in dry 

season ensures greater efficiency in the use of water and, consequently greater accumulation of carbon, 

providing a biomass production (MENDES et al., 2017). The highest values for above- and belowground 

growth rate on plots where C. ensiformis and N. wightii were cultivated, respectively agree with precious 

works (NASCIMENTO et al., 2021a; MELO et al., 2019a). Our results supported the Souza et al. (2018) 

hypothesis that plant species with high growth rate may be more beneficial than plant species with low 

growth rate as cover crops because their biomass production was supported for both Poaceae and 

Fabaceae. According to our results, C. ensiformis can be established in tropical ecosystems, in dry 

seasons because they covered the soil in less time and protects the soil surface against the water erosion 

(SOLIS et al., 2019).  

Our findings showed that incorporation of B. decumbens and P. glaucum improve the Ca2+, and 

K+, respectively. While the availability P was highest on plots where C. ensiformis was cultivated. These 

results may be related with the higher capacity of nutrients accumulation in their biomass. Poaceae plant 

in our study may be considered as interesting ways to recover both exchangeable Ca and K on soil 

surface. These plant species can uptake these macronutrients and to return them back to soil through 

nutrient cycling. On the other hand, C. ensiformis through its root activity can release P that was 

associated with some soil minerals (MELO et al., 2019a). Previous studies showed the intensification of 

positive plant-soil feedback in long-term field areas managed with green manures, where essential 

nutrients were returned to crops by nutrient cycling, and root uptake (ZHONG et al., 2018; KHAN et al., 

2020; ABERA, 2021; NASCIMENTO et al., 2021a). Our results emphasized the importance to consider 

the Fabaceae (e.g., M. pruriens, and D. lablab) as potential promoters of SOC pools in tropical 

ecosystems (ZHANG et al., 2019). Previous studies done by Souza et al. (2018), Yao et al. (2019) 

showed that Fabaceae species may improve the SOC pools (MAUAD et al., 2019; FORSTALL-SOSA et 

al., 2020; WATTHIER et al., 2020). 

Soil organic matter in tropical ecosystem is an important driver to soil fertility and plant growht 

(LAW et al., 2019). According to these authors, when the aboverground dry biomass is incorporated into 

soil profile instead be mecanically removed, it improves soil food web that acts promoting soil organic 

matter decomposition, nutrient cycling, and energy supply for a wide range of soil organism groups 

(MELO et al., 2019a; KOOCH & NOGHRE 2020; MASSACCESI et al., 2020). Considering some traits 

into soil profile (e.g., considering the whole timeline of the field experiment) that we observed in our 

study, we found positive effects on soil organic carbon (SOUZA, Giliane, et al., 2018; MELO et al., 

2019b; BARBOSA et al., 2021) and bulk density (NASCIMENTO et al., 2021a) on plots where plant 

species of Fabaceae family were cultivated. In our study, the plots where we grew plant species from 

Fabaceae family, we found a significant high soil porosity, shoot and root dry biomass, soil organic 

carbon, and bulk density. These results agree with Cao et al. (2020), Eze et al. (2020) and Wu et al. 

(2020), who reported high soil organic carbon stocks in soil ecosystems with aboveground plant species 

characterized by fast growth and high biomass production were incorporated into soil profile. Once both 

C- and N-rich plant residues are incorporated consecutively into soil profile, this practice directly and 

indirectly promotes soil quality and health (SOUZA et al., 2016) by acting as an organic matter source to 

build-up a sustainable environment where we can efficiently stock carbon (SOUZA et al., 2017; NG et 

al., 2018; MELO et al., 2019a). 
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3. Conclusion 

The use of cover crops as green manure practice for 6 consecutive years increased soil chemical 

properties and soil organic carbon pools in a tropical Regosol. The use of Fabaceae plants (e.g., C. 

ensiformis, D. lablab, M. pruriens, and N. wightii) showed high values of aboveground growth rate, 

available P, SOC stocks, and belowground growth rate, whereas the use of Poaceae plants (e.g., B. 

decumbens and P. glaucum) showed high values of exchangeable Ca and K. Our findings suggest that 

these plant species have positive effects on soil fertility by two main pathways: (i) a consecutive green 

manure practice without any input of fertilizers after 6 years changed positively soil fertility (e.g., here 

promoting soil organic matter, high P fertility, and plant nutrient uptake (Ca2+ and K+); and 2) by 

altering soil fertility both Poaceae and Fabaceae plants used as green manure may create a sustainable 

cycle into the soil profile thus promoting their own growth (e.g., here reducing soil erosion, and nutrient 

leaching).  

 

References 

ABERA, G.; GERKABO, H. Effects of green manure legumes and their termination time on yield of 

maize and soil chemical properties. Archives of Agronomy and Soil Science, v. 67, n. 3, p. 397-409, 

2021. https://doi.org/10.1080/03650340.2020.1733536 

ADEKIYA, A.O, AGBEDE, T.M.; ABOYEJI, C.M.; DUNSIN, O.; UGBE, J.O. Green manures and 

NPK fertilizer effects on soil properties, growth, yield, mineral and vitamin C composition of okra 

(Abelmoschus esculentus (L.) Moench). Journal of the Saudi Society of Agricultural Sciences, v. 18, 

n. 2, p. 218-223, 2019. https://doi.org/10.1016/j.jssas.2017.05.005 

AMEDE, T.; LEGESSE, G.; AGEGNEHU, G.; GASHAW, T.; DEGEFU, T.; DESTA, G.; 

MEKONNEN, K.; SCHULZ, S.; THORNE, P. Short term fallow and partitioning effects of green 

manures on wheat systems in East African highlands. Field Crops Research, v. 269, n. 108175, p. 1-13, 

2021. https://doi.org/10.1016/j.fcr.2021.108175  

ASSIS, R.L.; WITTMANN, F.; BREDIN, Y.K.; SCHÖNGART, J.; QUESADA, C.A.N.; PIEDADE, 

M.T.F.; HAUGAASEN, T. Above-ground woody biomass distribution in Amazonian floodplain forests: 

Effects of hydroperiod and substrate properties. Forest Ecology and Management, v. 432,  p. 365-375, 

2019. https://doi.org/10.1016/j.foreco.2018.09.031  

BALASUBRAMANIAN, D.; ZHANG, Y.P.; GRACE, J.; SHA, L.Q.; JIN, Y.; ZHOU, L.G.; LIN, Y.X.; 

ZHOU, R.W.; GAO, J.B.; SONG, Q.H.; LIU, Y.T.; ZHOU, W.J. Soil organic matter as affected by the 

conversion of natural tropical rainforest to monoculture rubber plantations under acric ferralsols. 

Catena, v. 195, n. 104753, p. 1-14, 2020. https://doi.org/10.1016/j.catena.2020.104753 

BARBOSA, L.S.; SOUZA, T.A.F.; LUCENA, E.O.; SILVA, L.J.R.; LAURINDO, L.K.; 

NASCIMENTO, G.S.; SANTOS, D. Arbuscular mycorrhizal fungi diversity and transpiratory rate in 

long-term field cover crop systems from tropical ecosystem, northeastern Brazil. Symbiosis, v. 84, p. 

207–216, 2021. https://doi.org/10.1007/s13199-021-00805-0 

BRASIL NETO, A.B.; BRASIL, N.M.Q.X.; ANDRADE, P.I.L.; SAMPAIO, A.C.F.; NORONHA, N.C.; 

CARVALHO, E.J.M.; SILVA, A.R.; SCHWARTZ, G. The commercial tree species Dipteryx odorata 

improves soil physical and biological attributes in abandoned pastures. Ecological Engineering, v. 160, 

n. 106143, p. 1-5, 2021. https://doi.org/10.1016/j.ecoleng.2020.106143     

https://doi.org/10.1080/03650340.2020.1733536
https://doi.org/10.1016/j.jssas.2017.05.005
https://doi.org/10.1016/j.fcr.2021.108175
https://doi.org/10.1016/j.foreco.2018.09.031
https://doi.org/10.1016/j.catena.2020.104753
https://doi.org/10.1007/s13199-021-00805-0
https://doi.org/10.1016/j.ecoleng.2020.106143


Nascimento et al. 

Revista Valore, Volta Redonda, 8 (edição especial), 1-14, 2023     10 

CAO, H.; JIA, M.; SONG, J.; XUN, M.; FAN, W.; YANG, H. Rice-straw mat mulching improves the 

soil integrated fertility index of apple orchards on cinnamon soil and fluvo-aquic soil. Scientia 

Horticulturae, v. 278, n. 109837, p. 1-11, 2021. https://doi.org/10.1016/j.scienta.2020.109837 

CORE TEAM R (2018) R: A language and environment for statistical computing. R Foundation for 

Statistical Computing. Available in: https://www.R-project.org/. Accessed in 02 Feb 2022. 

EZE, S.; DOUGILL, A.J.; BANWART, S.A.; HERMANS, T.D.G.; LIGOWE, I.S.; THIERFELDER, C. 

Impacts of conservation agriculture on soil structure and hydraulic properties of Malawian agricultural 

systems. Soil & Tillage Research, v. 201, n. 104639, p. 1-8, 2021. 

https://doi.org/10.1016/j.still.2020.104639 

FERNÁNDEZ, M.; ALAEJOS, J.; ANDIVIA, E.; MADEJÓN, P.; DÍAZ, M.J.; TAPIAS, R. Short 

rotation coppice of leguminous tree Leucaena spp. improves soil fertility while producing high biomass 

yields in Mediterranean environment. Industrial Crops and Products, v. 157, n. 112911, p. 1-11, 2020. 

https://doi.org/10.1016/j.indcrop.2020.112911 

FONTANA, M.; BRAGAZZA, L.; GUILLAUME, T.; SANTONJA, M.; BUTTLER, A.; ELFOUKI S, 

SINAJ, S. Valorization of calcium phosphite waste as phosphorus fertilizer: Effects on green manure 

productivity and soil properties, Journal of Environmental Management, v. 285, n. 112061, p. 1-9, 

2021. https://doi.org/10.1016/j.jenvman.2021.112061 

FORSTALL-SOSA, K.S.; SOUZA, T.A.F.; OLIVEIRA, LUCENA, E.; SILVA, S.I.A.; FERREIRA, 

J.T..A.; SILVA, T.N.; SANTOS, D.; NIEMEYER J.C. Soil macroarthropod community and soil 

biological quality index in a green manure farming system of the Brazilian semi-arid. Biologia, v. 76, p. 

907–917, 2021. https://doi.org/10.2478/s11756-020-00602-y 

GAO, S.; GAO, J.; CAO, W.; ZOU, C.; HUANG, J.; BAI, J.; DOU, F. Effects of long-term green 

manure application on the content and structure of dissolved organic matter in red paddy soil. Journal of 

Integrative Agriculture, v. 17, n. 8, p. 1852-1860, 2018. https://doi.org/10.1016/S2095-

3119(17)61901-4 

GLICK, H.B.; UMUNAY, P.M.; MAKANA, J.; THOMAS, S.C.; SCHERER, J.D.R.; GREGOIRE, T.G. 

Developmental Dynamics of Gilbertiodendron dewevrei (Fabaceae) Drive Forest Structure and Biomass 

in the Eastern Congo Basin. Forests, v. 12, n. 6, p. 738, 2021. https://doi.org/10.3390/f12060738 

HANSEN,V.; ERIKSEN, J.; JENSEN, L.S.; THORUP, KRISTENSEN, K.; MAGID, J. Towards 

integrated cover crop management: N, P and S release from aboveground and belowground residues. 

Agriculture, Ecosystems & Environment, v. 313, n. 107392, p. 1-11, 2021. 

https://doi.org/10.1016/j.agee.2021.107392  

HUANG, Y.; REN, W.; GROVE, J.; POFFENBARGER, H.; JACOBSEN, K.; TAO, B.; ZHU, X.; 

NEARA, D.M. Assessing synergistic effects of no-tillage and cover crops on soil carbon dynamics in a 

long-term maize cropping system under climate change. Agricultural and Forest Meteorology, v. 291, 

n. 108090, p. 1-53, 2020. https://doi.org/10.1016/j.agrformet.2020.108090 

INAGAKI, T.M.; SÁ, J.C.M.; TORMENA, C.A.; DRANSKI, A.; MUCHALAK, A.; BRIEDIS, C.; 

FERREIRA, A.O.; GIAROLA, N.F.B.; SILVA, A.P. Mechanical and biological chiseling impacts on 

https://doi.org/10.1016/j.scienta.2020.109837
https://www.r-project.org/
https://doi.org/10.1016/j.still.2020.104639
https://doi.org/10.1016/j.indcrop.2020.112911
https://doi.org/10.1016/j.jenvman.2021.112061
https://doi.org/10.2478/s11756-020-00602-y
https://doi.org/10.1016/S2095-3119(17)61901-4
https://doi.org/10.1016/S2095-3119(17)61901-4
https://doi.org/10.3390/f12060738
https://doi.org/10.1016/j.agee.2021.107392
https://doi.org/10.1016/j.agrformet.2020.108090


Nascimento et al. 

Revista Valore, Volta Redonda, 8 (edição especial), 1-14, 2023     11 

soil organic C stocks, root growth, and crop yield in a long-term no-till system.  Soil and Tillage 

Research, v. 211, n. 104993, 2021. https://doi.org/10.1016/j.still.2021.104993 

JIN, X.; ZHANG, J.; SHI, Y.; WU, F.; ZHOU, X. Green manures of Indian mustard and wild rocket 

enhance cucumber resistance to Fusarium wilt through modulating rhizosphere bacterial community 

composition. Plant Soil, v. 441, p. 283–300, 2019.  https://doi.org/10.1007/s11104-019-04118-6  

KHAN, M.I.; GWON HS, A.L;.M. M.A.; SONG, H.J.; DAS S.; KIM, P.J. Short term effects of diferente 

green manure amendments on the composition of main microbial groups and microbial activity of a 

submerged rice cropping system. Applied Soil Ecology, v. 147, n. 103400, p. 1.9, 2020. 

https://doi.org/10.1016/j.apsoil.2019.103400 

KOOCH, Y.; NOGHRE, N. The effect of shrubland and grassland vegetation types on soil fauna and 

flora activities in a mountainou semi-arid landscape of Iran. Science of The Total Environment, v. 703, 

n. 135497, p. 1-9, 2020. https://doi.org/10.1016/j.scitotenv.2019.135497 

LASISI, A.A.; AKINREMI, O.O.; TENUTA, M.; CATTANI, D. Below-ground plant biomass and 

nitrogen uptake of perennial forage grasses and annual crops fertilized with pig manures. Agriculture, 

Ecosystems & Environment, v. 268, n. 135497, p. 1-7, 2018. 

https://doi.org/10.1016/j.agee.2018.08.006 

LAW, S.; EGGLETON, P.; GRIFFITHS, H.; ASHTON, L.; PARR, C. Suspended Dead Wood 

Decomposes Slowly in the Tropics, with Microbial Decay Greater than Termite Decay. Ecosystems, v. 

22, p. 1176–1188, 2019.  https://doi.org/10.1007/s10021-018-0331-4 

LUCENA, E.O.; SOUZA, T.; SILVA, S.I.A.; KORMANN, S.; SILVA, L.J.R.; LAURINDO, L.K.; 

FORSTALL-SOSA, K.S.; ANDRADE, L.A. Soil biota community composition as affected by 

Cryptostegia madagascariensis invasion in a tropical Cambisol from North-eastern Brazil. Tropical 

Ecology, v. 6, p. 662–669, 2021. https://doi.org/10.1007/s42965-021-00177-y 

MASSACCESI, L.; RONDONI, G.; TOSTI, G.; CONTI, E.; GUIDUCCI, M.; AGNELLI, A. Soil 

functions are affected by transition from conventional to organic mulch-based cropping system. Applied 

Soil Ecology, v. 153, n. 103639, p. 1-10, 2020. https://doi.org/10.1016/j.apsoil.2020.103639 

MAUAD, M..; SANTANA, R.S.; CARLI, T.H.; CARLI, F.; VITORINO, A.C.T.; MUSSURY, R.M.; 

RECH, J. Dry matter production and nutrient accumulation in Crotalaria spectabilis shoots. Journal of 

Plant Nutrition, v. 42, n. 6, p. 1–11, 2019. https://doi.org/10.1080/01904167.2019.1567779 

MEENA, R.S.; LAL, R. Legumes and sustainable use of soils. In: MEENA, R.; DAS, A.; YADAV, 

G.; LAL, R. (Eds). Legumes for Soil Health and Sustainable Management. Springer: Singapore, p.1–31, 

2018. https://doi.org/10.1007/978-981-13-0253-4_1 

MELO, L.N.; SOUZA, T.A.F.; SANTOS, D. Transpiratory rate, biomass production, and leaf 

macronutrient content of different plant species cultivated on a Regosol in the Brazilian semiarid. 

Russian Agricultural Sciences, v. 45, n. 2, p. 147–153, 2019a. 

https://doi.org/10.3103/S1068367419020150 

https://doi.org/10.1016/j.still.2021.104993
https://doi.org/10.1007/s11104-019-04118-6
https://doi.org/10.1016/j.apsoil.2019.103400
https://doi.org/10.1016/j.scitotenv.2019.135497
https://doi.org/10.1016/j.agee.2018.08.006
https://doi.org/10.1007/s10021-018-0331-4
https://doi.org/10.1007/s42965-021-00177-y
https://doi.org/10.1016/j.apsoil.2020.103639
https://doi.org/10.1080/01904167.2019.1567779
https://doi.org/10.1007/978-981-13-0253-4_1
https://doi.org/10.3103/S1068367419020150


Nascimento et al. 

Revista Valore, Volta Redonda, 8 (edição especial), 1-14, 2023     12 

MELO, L.N.; SOUZA, T.A.F.; SANTOS, D. Cover crop farming system affect macroarthropods 

community diversity of Caatinga, Brazil. Biologia, v. 74, p. 1653–1660, 2019b. 

https://doi.org/10.2478/s11756-019-00272-5  

MENDES, K.R.; GRANJA, J.A.; OMETTO, J.P.; ANTONINO, A.C.; MENEZES, R.S.; PEREIRA, 

E.C.; POMPELLI, M. F. Croton blanchetianus modulates its morphophysiological responses to tolerate 

drought in a tropical dry forest. Functional Plant Biology, v. 44, n. 10, p. 1039-1051, 2017. . 

https://doi.org/10.1071/FP17098   

NASCIMENTO, G.S.; SOUZA, T.A.F.; SILVA, L.J.R.; SANTOS, D. Soil physico-chemical properties, 

biomass production, and root density in a green manure farming system from tropical ecosystem, North-

eastern Brazil. Journal of Soils and Sediments, v. 21, p. 2203–2211, 2021a. 

https://doi.org/10.1007/s11368-021-02924-z 

NASCIMENTO, G.S.; SOUZA, T.A.F.; SILVA, L.J.R.; LAURINDO, L.K.; SANTOS, D. Predictive 

physico-chemical model for soil quality index in a long-term green manure farming system at tropical 

conditions, North-eastern Brazil. 2021b. Available in: https://doi.org/10.21203/rs.3.rs-342176/v1. 

Accessed in 22 Mar 2022. 

NG, K.; MCINTYRE, S.; MACFADYEN, S.; BARTON, P.S.; DRISCOLL, D.A.; LINDENMAYER, 

D.B. Dynamic effects of ground-layer plant communities on beetles in a fragmented farming landscape. 

Biodivers and Conservation,v.  27, p. 2131–2153, 2018. https://doi.org/10.1007/s10531-018-1526-x   

NONG, Y.; YIN, C.; YI, X.; REN, J.; CHIEN, H. Smallholder farmer preferences for diversifying 

farming with cover crops of sustainable farm management: A discrete choice experiment in Northwest 

China. Ecological Economics, v. 186, n. 107060, p. 1-10, 2021. 

https://doi.org/10.1016/j.ecolecon.2021.107060 

RODRIGUES, M.; WITHERS, P.J.A.; SOLTANGHEISI, A.; VARGAS, V.; HOLZSCHUH, M.; 

PAVINATO, P.S. Tillage systems and cover crops affecting soil phosphorus bioavailability in Brazilian 

Cerrado Oxisols. Soil and Tillage Research, v. 205, n. 104770, 2020.  

https://doi.org/10.1016/j.still.2020.104770   

Rosa AT, Creech CF, Elmore RW, Rudnick DR, Lindquist JL, Butts L, Faria IKP, Werle R (2021) 

Contribuições do indivíduo cobrir espécies de cultivo alimentado pela chuva milho Produção no semi-

árido colheita sistema. Field Crops Research, 271. https://doi.org/10.1016/j.fcr.2021.108245  

SANCHES, G.M.; MAGALHÃES, P.S.G.; KOLLN, O.T.; OTTO, R.; RODRIGUES, J.R.F.; 

CARDOSO, T.F.; CHAGAS, M.F.; FRANCO, H.C.J. Agronomic, economic, and environmental 

assessment of site-specific fertilizer management of Brazilian sugarcane fields. Geoderma Regional, v 

24, n. e00360, p. 1-11, 2021. https://doi.org/10.1016/j.geodrs.2021.e00360 

SILVA, J.R.; YULE, T.S.; DIAS, E.S. Structural features and contribution of belowground buds to 

conservation of Fabaceae species in a seasonally dry neotropical environment. Flora, v. 264, n. 151570, 

p. 1-9, 2020. https://doi.org/10.1016/j.flora.2020.151570 

SILVA, S.I.A.; SOUZA, T.; SANTOS. D.; SOUZA, R.F.S. Avaliação dos componentes de produção em 

variedades crioulas de fava cultivadas no Agreste da Paraíba. Revista Ciências Agrárias, v. 42, n. 3, p. 

731–742, 2019. https://doi.org/10.19084/rca.16956Retorne 

https://doi.org/10.2478/s11756-019-00272-5
https://doi.org/10.1071/FP17098
https://doi.org/10.1007/s11368-021-02924-z
https://doi.org/10.21203/rs.3.rs-342176/v1
https://doi.org/10.1007/s10531-018-1526-x
https://doi.org/10.1016/j.ecolecon.2021.107060
https://doi.org/10.1016/j.still.2020.104770
https://doi.org/10.1016/j.fcr.2021.108245
https://doi.org/10.1016/j.geodrs.2021.e00360
https://doi.org/10.1016/j.flora.2020.151570
https://doi.org/10.19084/rca.16956Retorne


Nascimento et al. 

Revista Valore, Volta Redonda, 8 (edição especial), 1-14, 2023     13 

SOLIS, R.; PEZO, M.; ARÉVALO, L.; LAO, C.; ALEGRE, J.; PÉREZ, K. Evaluation of leguminous 

species as cover crops associated with sacha inchi. Pesquisa Agropecuária Tropical, v. 49, n. e58011, 

p. 1-8, 2019. https://doi.org/10.1590/1983-40632019v4958011 

SOUZA, G. A.V.S.; SOUZA, T.A.F.; SANTOS, D.; RIOS, E.S.; SOUZA, G.J.L. Agronomic evaluation 

of legume cover crops for sustainable agriculture. Russian Agricultural Sciences, v. 44, p. 31–38, 

2018. https://doi.org/10.3103/S1068367418010093 

SOUZA, M.; MÜLLER JÚNIOR, V.; KURTZ, C.; VENTURA, B.S.; LOURENZI, C.R.; LAZZARI, 

C.J.R.; FERREIRA, G.W.; BRUNETTO, G.; PERDA, A.; COMIN, J.J. Soil chemical properties and 

yield of onion crops grown for eight years under no-tillage system with cover crops. Soil and Tillage 

Research, v. 208, n. 104897, 2021. https://doi.org/10.1016/j.still.2020.104897 

SOUZA, T.A.F.; ANDRADE, L.A.; FREITAS, H.; SILVA, S.; SANDIM, A.S. Biological invasion 

influences the outcome of plant-soil feedback in the invasive plant species from the Brazilian semi-arid. 

Microb Ecology, v. 74, p. 1–11, 2017. https://doi.org/10.1007/s00248-017-0999-6 

SOUZA, T.A.F.; FREITAS, H. Arbuscular mycorrhizal fungal community assembly in the Brazilian 

tropical seasonal dry forest. Ecological Processes, v. 6, n. 2, p. 1–10, 2018. 

https://doi.org/10.1186/s13717-017-0072-x  

SOUZA, T.A.S.; RODRIGUES, A.F.; MARQUES, L.F. Long-term effects of alternative and 

conventional fertilization II: effects on Triticum aestivum L. development and soil properties from a 

Brazilian Ferralsols. Russian Agricultural Science, v. 42, n. 1, p. 1–6, 2016. 

https://doi.org/10.3103/S1068367416010195 

SOUZA, T.A.F.; SANTOS, D. Effects of using different host plants and long-term fertilization systems 

on population sizes of infective arbuscular mycorrhizal fungi. Symbiosis, v. 76, p. 139–149, 2018. 

https://doi.org/10.1007/s13199-018-0546-3   

STABILE, M.C.; GUIMARÃES, A.L.; SILVA, D.S.; RIBEIRO, V.; MACEDO, M.N.; COE, MT, 

PINTO, E.; MOUTINHO, P.; ALENCAR, A. Solving Brazil's land use puzzle: Increasing production 

and slowing Amazon deforestation. Land Use Policy, v. 91, n. 104362, p. 1-6, 2020. 

https://doi.org/10.1016/j.landusepol.2019.104362    

SUJA, G.; BYJU, G.; JYOTHI, A.N.; VEENA, S.S.; SREEKUMAR, J. Yield, quality and soil health 

under organic vs conventional farming in taro. Scientia Horticulturae, v. 218, p. 334-343, 2017. 

https://doi.org/10.1016/j.scienta.2017.02.006 

TEIXEIRA, P.C.; DONAGEMMA, G.K.; FONTANA, A.; TEIXEIRA, W.G. Manual de métodos de 

análise do solo. Embrapa Solos: Brasília. 2017.    

TITOVA, J.; BALTRĖNAITĖ, E. Physical and Chemical Properties of Biochar Produced from Sewage 

Sludge Compost and Plants Biomass, Fertilized with that Compost, Important for Soil Improvement. 

Waste Biomass, v. 12, p. 3781–3800, 2020. https://doi.org/10.1007/s12649-020-01272-2 

WATTHIER, M.; ANTONIO, N.P.; GOMES, J.A.; ROCHA, S.B.F.; SANTOS, R.H.S.; Decomposition 

of green manure with different grass: legume ratios. Archives of Agronomy and Soil Science, v. 66, n. 

7, p. 913-924, 2020.  https://doi.org/10.1080/03650340.2019.1644622 

https://doi.org/10.1590/1983-40632019v4958011
https://doi.org/10.3103/S1068367418010093
https://doi.org/10.1016/j.still.2020.104897
https://doi.org/10.1007/s00248-017-0999-6
https://doi.org/10.1186/s13717-017-0072-x
https://doi.org/10.3103/S1068367416010195
https://doi.org/10.1007/s13199-018-0546-3
https://doi.org/10.1016/j.landusepol.2019.104362
https://doi.org/10.1016/j.scienta.2017.02.006
https://doi.org/10.1007/s12649-020-01272-2
https://doi.org/10.1080/03650340.2019.1644622


Nascimento et al. 

Revista Valore, Volta Redonda, 8 (edição especial), 1-14, 2023     14 

WRB - IUSS Working Group. World Reference Base for Soil. World Soil Resources Reports. FAO: 

Rome. 2006.  

WU, Q.; KWAK, J.H.; CHANG, S.X.; HAN, G.; GONG, X. Cattle urine and dung additions differently 

affect nitrifcation pathways and greenhouse gas emission in a grassland soil. Biology and Fertility of 

Soils, v. 56, p. 235–247, 2020. https://doi.org/10.1007/s00374-019-01415-1 

YAO, Z.; ZHANG, D.; LIU, N.; YAO, P.; ZHAO, N.; LI, Y.; ZHANG, S.; ZHAI, B.; HUANG, D.; 

WANG, Z.; CAO, W.; ADL, S.; GAO, Y. Dynamics and Sequestration Potential of Soil Organic Carbon 

and Total Nitrogen Stocks of Leguminous Green Manure-Based Cropping Systems on the Loess Plateau 

of China. Soil and Tillage Research, v. 191, p. 108-116, 2019. 

https://doi.org/10.1016/j.still.2019.03.022   

ZHANG, D.; YAO, P.; ZHAO, N.; XAO, W.; ZHANG, S.; LI, Y.; HUANG, D.; ZHAI, B.; WANG, Z.; 

GAO, Y. Building up the soil carbon pool via the cultivation of green manure crops in the Loess Plateau 

of China. Geoderma, v. 337, p. 425-433, 2019. https://doi.org/10.1016/j.geoderma.2018.09.053  

ZHONG, Z.; HUANG, X.; FENG, D.; XING, S.; WENG, B. Long-term effects of legume mulching on 

soil chemical properties and bacterial community composition and structure. Agriculture, Ecosystems 

& Environment, v. 268, p. 24-33, 2018. https://doi.org/10.1016/j.agee.2018.09.001 

ZHOU, G.; GAOC, S.; LUD, Y.; LIAOD, Y.; NIED, J.; WEIDONG, C.A.O.Co-incorporation of green 

manure and rice straw improves rice production, soil chemical, biochemical and microbiological 

properties in a typical paddy field in southern China. Soil & Tillage Research, v. 197, n. 104499, 2020. 

https://doi.org/10.1016/j.still.2019.104499  

 

Recebido em: 29/04/2022 

Aceito em: 02/06/2022 
 

Endereço para correspondência: 

Nome: Gislaine dos Santos Nascimento 

E-mail: gislaynesantos30@gmail.com 
 

 

 

  

Esta obra está licenciada sob uma Licença Creative 

Commons Attribution 4.0 

 

https://doi.org/10.1007/s00374-019-01415-1
https://doi.org/10.1016/j.still.2019.03.022
https://doi.org/10.1016/j.geoderma.2018.09.053
https://doi.org/10.1016/j.agee.2018.09.001
https://doi.org/10.1016/j.still.2019.104499
http://creativecommons.org/licenses/by/3.0/
http://creativecommons.org/licenses/by/3.0/
http://creativecommons.org/licenses/by/3.0/

