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ABSTRACT - Family farming is important for the production of food for human consumption, but it lacks 

resources to invest in the soil fertility of its crops. The objective of this study was to analyze whether the use of 

green manures increases soil fertility in terms of the nutrients N, P and K with low environmental risk for 

family agricultural production. An experiment was set up in the State of Mato Grosso (Brazil), in randomized 

complete block design, with a 6 x 3 factorial scheme, four replications, corresponding to 6 types of plants and  

3 doses of phosphorus. Leguminous green manure plants were: velvet bean, Crotalaria juncea, Crotalaria 

ochroleuca and dwarf pigeon pea, in addition to plots with pearl millet and weedy fallow control. Rock 

phosphate (i.e., reactive natural phosphate) was applied as a source of phosphorus at 0, 50 and                         

100 kg P2O5 ha-1. The species used as green manure were cut in full bloom and the levels of N, P, K and C in 

plants and soil were determined. Leguminous green manure plants, after mineralization, increased the stocks of 

N, P and K in the soil. Crotalaria juncea was the one that reached the highest N accumulation in its 

constitution, being recommended in the intercropping with species with C/N ratio > 30 to minimize risks of 

contamination with nitrate in the soil. This work concluded that the managements with green manure plants, 

especially Crotalaria ochroleuca, are recommended and environmentally safe technical alternatives for family 

farming. 
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INTERAÇÕES ENTRE ADUBOS VERDES E FOSFATO NATURAL NA CICLAGEM DE 

NUTRIENTES DO SOLO PARA AGRICULTURA FAMILIAR  

 

 

RESUMO - A agricultura familiar é importante para a produção de alimentos destinados ao consumo humano, 

porém é carente de recursos para investir na fertilidade do solo de suas lavouras. O objetivo deste estudo foi 

analisar se o uso de adubos verdes aumenta a fertilidade do solo quanto os nutrientes N, P e K com baixo risco 

ambiental para a produção agrícola familiar. Foi implantado um experimento no Estado de Mato Grosso 

(Brasil), em Delineamento em Blocos Casualizados, Fatorial 6 x 3, com 4 repetições, sendo 6 tipos de plantas e 

3 doses de fósforo. As plantas de adubação verde leguminosas foram: mucuna-cinza, Crotalaria juncea, 

Crotalaria ochroleuca e guandu-anão, também se utilizou parcelas com milheto e vegetações espontâneas. Foi 

aplicado o fosfato natural reativo nas doses de 0, 50 e 100 kg P2O5 ha-1. As espécies utilizadas como adubos 

verdes foram cortadas no pleno florescimento e determinados os teores de N, P, K e C nas plantas e no solo. As 

plantas de adubação verde leguminosas, após mineralização, elevaram os estoques de N, P e K do solo. 

Crotalaria juncea foi à que alcançou o maior acúmulo de N em sua constituição Este trabalho concluiu que os 

manejos com plantas de adubação verde, com destaque para Crotalaria ochroleuca, são alternativas técnicas 

recomendáveis para a agricultura familiar. 

 

Palavras-chave: Mineralização. Fertilidade do solo. Leguminosas. 
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INTRODUCTION 
 

In recent decades, the intensification of 

agriculture has achieved its goal of increasing yield 

in the field, but with the use of large amounts of 

fertilizers (SILVA et al., 2014). Between 2011 and 

2013, the Brazilian demand for fertilizers increased 

on average 4.4% per year (ANDA, 2014), with 

potassium fertilizer being the largest import, around 

95% (TAVARES; HABERLI JUNIOR, 2011). 

Despite being a major fertilizer consumer, Brazil has 

seen a considerable reduction in domestic production 

and the consequent increase in fertilizer imports in 

the last 10 years (OLIVEIRA; MALAGOLLI; 

CELLA, 2019). This shows that Brazil relies heavily 

on fertilizer imports to meet its needs. Almost 70% 

of the fertilizers used in the country come from 

imports (ANDA, 2019).  

Introducing plant diversity in agroecosystems 

and managing their interactions at low cost is an 

alternative to generate sustainable production 

systems, minimizing the use of non-renewable 

inputs. Increased plant diversity in agricultural 

systems promotes the provision of ecosystem 

services that ensure food, energy, water quality and 

nutrient cycling (FINNEY; WHITE; KAYE, 2016). 

Family farming is an important segment for 

the basic production of food intended for human 

consumption. Family farmers accounted for 87% of 

national cassava production, 70% of bean 

production, 34% of rice production and 46% of corn 

production (IBGE, 2017). Despite the importance of 

family farming for food production, it is not yet the 

holder of the largest sources of financing or benefits 

from its production and participation in the Brazilian 

economy. 

Green manure is an alternative for sustainable 

management with the improvement and maintenance 

of soil quality and increased levels of organic matter 

and nutrients, especially in the case of legume 

species, which perform biological nitrogen fixation 

(BNF), being a source of organic N (HERNANI; 

PADOVAN, 2014). Legumes can also be considered 

a carbon source for agroecosystems, which increases 

the ecological processes of decomposition and 

mineralization; consequently, it can provide nutrients 

for plants destined for production, reducing the use 

of synthetic fertilizers. 

According to Maluf et al. (2015), although 

research with nutrient cycling in agroecosystems is 

in full progress, involving several types of plant 

residues under different edaphoclimatic conditions, 

little is known about the flow and dynamics in the 

soil, and there are few studies with mineralization of 

nutrients from crop residues are scarce aiming to 

verify the availability to successor plants. 

The hypothesis of the present study is that soil 

management with the interaction between green 

manures and natural phosphate, besides being a 

viable alternative as a source of nutrients for family 

agricultural systems, will promote through ecological 

processes greater ecosystem services and increased 

soil fertility. The objectives of this study were to 

recommend green manure species in interactions 

with doses of reactive natural phosphate that increase 

soil N, P and K contents. 

 

 

MATERIAL AND METHODS 
 

The study was carried out in the municipality 

of Araputanga/Mato Grosso/Brazil, in the Florestan 

Fernandes Settlement Project, with central 

coordinates: UTM: N= 8.282.294 m and E= 355.051 

m (Zone 21S, MC 57Wgr, Datum Sirgas 2000) 

(Figure 1). According to Santos (2000), the region 

has altitudes ranging from 200 to 300 m and has 

annual rainfall totals of 1400 to 1600 mm, from 

November to April, characterized as rainy season. 

The dry season occurs during the months from May 

to October, marked by a drastic reduction in the 

occurrence of rains. The average annual temperature 

is greater than 24.9 °C, while the maximums always 

vary between 32.3 and 32.7 °C. 

The experimental area has been fallow in the 

last five years and had been previously used by 

family farmers for the production of vegetables. At 

the beginning of the work, the area was managed 

with one pass of heavy harrow and two passes of 

leveling harrow, for cleaning and making it flat to set 

up the experiment. The first experimental period 

(year 1) was from November 2014 to July 2015, and 

the second (year 2) was from November 2015 to July 

2016. 

The chemical and physical characteristics of 

the soil at the time of the experiment installation, in 

the 0-0.2 and 0.2-0.4 m layers, are presented in  

Table 1. According to Embrapa (2018), the soil was 

classified as Argissolo Vermelho-Amarelo Eutrófico 

abrúptico (Ultisol) with sandy/medium texture and 

moderate A horizon. 

The experiment was set up in randomized 

block design (RBD), in a 6 x 3 factorial scheme, with 

4 replications. The plots measured 3 x 3 m, with 

spacing between plots of 1 m and usable area of 4 m² 

(central), according to Teodoro et al. (2011). 

The green manure factor was composed of 

four legumes (Fabaceae), one grass (Poaceae) and a 

treatment with spontaneous vegetation. The other 

factor was composed of three doses of phosphorus: 

0, 50 and 100 kg P2O5 ha-1, using as source the 

reactive natural phosphate, with available P content 

of 15.5% of P2O5 (Citric Acid 2%), of sedimentary 

and organic origin, from the region of Morocco 

(Table 2). 
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 1 
Figure 1. Location of the study area. 

Table 1. Initial chemical and physical characteristics of the soil in the experimental area. 

 1 

Depth 
pH 

H2O 

 
Ca2+ Mg2+ K+ Al3+ H+ T 

 
OM 

 
V m 

 
P S Zn Cu Mn B 

 
Sand Silt Clay 

m   cmolc dm-3  g kg-1  %  mg dm-3  g kg-1 

0-0.2 6.1  2.0 0.6 0.2 0.1 3.5 6.4  15.01  56.8 2.1  37.9 7.3 17.5 2.5 130.3 0.43  796 107 96 

0.2-0.4 6.5  2.6 0.8 0.1 0.2 2.1 5.8  7.72  60.1 5.4  26.2 9.3 5.2 2.2 114.6 0.25  809 106 85 

T: Total CEC at pH 7.0; OM: organic matter; V: base saturation; m: aluminum saturation. 

Table 2. Analytical results of the reactive natural phosphate used in the experiment. 

Determinations Units Results 

pH 0.01 M CaCl2 (1:5)  7.3 

C/N ratio (Total C. and Total N.)  56/1 

Total Organic Matter (Combustion) 

% 

5.44 

Total Carbon (Organic and Mineral) 3.16 

Organic Carbon 2.96 

Total Nitrogen  0.06 

Total Phosphorus (P2O5)  25.54 

Phosphorus - P2O5 (Citric Acid 2%) 15.5 

Total Potassium (K2O)  0.3 

Total Calcium (Ca)  37.2 

Total Magnesium (Mg)  0.38 

Total Sulfur (S)  2.6 

Total Zinc (Zn)  

mg kg-1 

110.4 

Total Copper (Cu)  14.4 

Total Manganese (Mn)  48.2 

Total Boron (B)  86.8 

Total Iron (Fe)  5640 

CEC (Cation Exchange Capacity) cmolc kg-1 48 

 1 

The legume plants used were: velvet bean 

(Mucuna cinereum), Crotalaria juncea, Crotalaria 

ochroleuca and pigeon pea (Cajanus cajan). The 

grass used was millet (Pennisetum glaucum). In the 

plots in which spontaneous vegetation was 

maintained, there was a predominance of the 

following species: rough cocklebur, large cocklebur, 

common cockle burr (Xanthium strumarium); 

Benghal dayflower (Commelina benghalensis); Star 

burr (Acanthospermum hispidum); Guinea grass 

(Panicum maximum); Mogdad coffee (Senna 

occidentalis) and sida (Sida spp.). 

The spacing between planting furrows was 

0.5 m and density of 9 plants m-1 for velvet bean and 
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20 plants m-1 for Crotalaria juncea, Crotalaria 

ochroleuca and pigeon pea. The populations 

obtained per hectare were approximately 180,000 

plants ha-1 for velvet bean, 400,000 plants ha-1 for the 

species Crotalaria ochroleuca, Crotalaria juncea 

and pigeon pea, and 6,000,000 plants ha-1 for millet. 

The planting depth of the legume seeds ranged from 

0.02 to 0.04 m, with manual sowing. Millet was 

manually sown broadcast, in the amount of 50 g of 

seed plot-1 and sowing depth of approximately 0.01 

m (SPITALMIAK; WRIGHT; LANGDALE, 1995), 

using a rake for superficial incorporation. 

The main cultural practices with legumes 

were: weeding between rows, manual cleaning in the 

rows and replanting at the sites with germination/

emergence failure. The cultural practices with millet, 

due to the broadcast sowing, were only manual 

cleaning and replanting. There was no occurrence of 

pests and diseases that harmed plants destined for 

green manure. 

The plants were sampled within the usable 

area of the plots, at full flowering, by cutting their 

aerial part close to the ground, with their respective 

stems, leaves and flowers, with a 0.25 m² frame. 

They were then placed in paper bags, identified, and 

dried in a forced air circulation oven at 65 ºC, for 72 

hours (dry mass), or until reaching constant weight. 

Finally, the samples were crushed and homogenized 

for the chemical analysis of the nutrients. 

The cycle of plants used as green manure, 

from sowing to full flowering in year 1, varied 

according to the species, and the first to bloom, at 60 

days after sowing (DAS), was millet (MI), followed 

by the pigeon pea (PP), at 83 DAS, then Crotalaria 

juncea (CJ) at 92 DAS, Crotalaria ochroleuca (CO) 

at 110 DAS and, finally, velvet bean (VB), which 

bloomed at 117 DAS. In year 2, the first species to 

bloom was PP at 88 DAS, followed by the species 

CJ and MI, at 118 DAS, and finally, the two later 

species were CO and VB, entering the reproductive 

stage at 129 DAS. 

The plants used as green manure, not 

sampled, were also cut when more than 50% of their 

plots were at full flowering. After cutting, their 

respective masses were evenly distributed over the 

area of each plot, for decomposition/mineralization. 

In year 2, the experiment was repeated, with the 

difference that the seeds of legume plants were 

inoculated, according to MAPA (2011), with the 

following inoculants: TotalNitro Crotalaria 

spectabilis 02 DS LIQUIDO SEMIA, TotalNitro 

Guandu 6156, and TotalNitro Feijão Mucuna 02ds 

Semia 6158. 

Soil sampling was randomly carried out in the 

usable area of the plots, collecting 3 single samples, 

to obtain one composite sample per plot after 

homogenization. Soil collections were carried out 

between the rows of the plants, in the 0-0.20 m layer. 

Total organic carbon (C) and total nitrogen 

(N) in plants and soil were determined by the 

combustion method in the LECO CHN 628 analyzer, 

TruSpec Micro model. P and K were extracted from 

plants by nitric-perchloric digestion (BATAGLIA et 

al., 1983) and determined according to the 

methodology of Donnagema et al. (2011). Once the 

nutrient contents in the plants and their respective 

dry masses were obtained (data available in LEITE, 

2018), the quantities of the nutrients described were 

calculated according to Equation 1. 

 

           
 

Where: 

 = quantity of nutrients, in kg ha-1; 

 = content of nutrients, in g kg-1; 

 = yield of green manures (dry mass), in  

Mg ha-1. 

P and K in soil were determined according to 

the methodology of Donnagema et al. (2011). From 

the results of the contents, the stocks in the were 

calculated according to Equation 2. 

 

                
 

Where: 

 = stock of the element in the soil, in kg ha-1; 

 = content of the element in the soil, g kg-1; 

 = soil bulk density (kg dm-3), volumetric ring 

method (EMBRAPA, 1997); 

 = layer thickness (20 cm). 

 

After cutting the plants used as green manure, 

second-season corn (BRS 4103 variety) was planted 

in all experimental plots, in succession, in March 

2015 (year 1) and March 2016 (year 2). The spacing 

between corn planting furrows was 0.6 m with 

density of 4 plants per linear meter, planting depth of 

approximately 0.05 m, forming a population of 

66,000 plants per hectare (data not published). 

Reactive Natural Phosphate doses were used for the 

maintenance of the corn crop. 

The data were subjected to tests of normality 

(Kolmogorov‐Smirnov) and homogeneity of 

variance (Levene’s criterion), both at 5% probability 

level. Analysis of variance (ANOVA) and Tukey test 

(p<0.05) were performed for comparations between 

the treatments of plants used as green manure and 

phosphorus doses, with further analysis of the levels 

whenever significant interaction (p<0.05) was 

detected. 

 

 

RESULTS AND DISCUSSION 
 

Figure 2 shows the means of total N in plants 

and stock in soil. In year 1, the quantities of N in the 

green manure plants ranged from 257 to 992 kg ha-1, 

𝑄 𝑁 = (𝐶𝑜𝑛𝑡𝑒𝑛𝑡 𝑁 × 𝑌𝑖𝑒𝑙𝑑 𝐺𝑀) (1) 

𝑄 𝑁 = (𝐶𝑜𝑛𝑡𝑒𝑛𝑡 𝑁 × 𝑌𝑖𝑒𝑙𝑑 𝐺𝑀) 

𝑄 𝑁 = (𝐶𝑜𝑛𝑡𝑒𝑛𝑡 𝑁 × 𝑌𝑖𝑒𝑙𝑑 𝐺𝑀) 
𝑄 𝑁 = (𝐶𝑜𝑛𝑡𝑒𝑛𝑡 𝑁 × 𝑌𝑖𝑒𝑙𝑑 𝐺𝑀) 

𝑆𝑡𝑐 =
(𝐶𝑜𝑛𝑡𝑒𝑛𝑡 × 𝐵𝐷 × 𝑡)

10
 (2) 

𝑆𝑡𝑐 =
(𝐶𝑜𝑛𝑡𝑒𝑛𝑡 × 𝐵𝐷 × 𝑡)

10
 

𝐶𝑜𝑛𝑡𝑒𝑛𝑡 
𝐵𝐷 

𝑡 
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with significant differences (Tukey – p<0.05) 

between the means. There was greater N 

accumulation in the dry mass (DM) of Crotalaria 

juncea (CJ), followed by Crotalaria ochroleuca 

(CO) and lower accumulations in millet (MI), velvet 

bean (VB) and pigeon pea (PP). In year 2, the values 

of N in plants ranged from 225 to 744 kg ha-1, also 

with significant differences (Tukey – p<0.05) 

between green manure plants. The highest values of 

N in the DM of the green manure plants were found 

in the species CJ, CO and PP. There was no 

significant interaction (p>0.05), in years 1 and 2, 

between the green manure species and doses of 

phosphorous (P). 

 1 

 2 

Figure 2. Total nitrogen (N) in the plant and stock in soil subjected to management with green manure plants under three 

doses of phosphorus (P). 

CJ: Crotalaria juncea; CO: Crotalaria ochroleuca; PP: pigeon pea; MI: millet, VB: velvet bean and SV: spontaneous 

vegetation. SE: standard error of the mean. Data transformed to Log (x) for statistical analyses. Different uppercase 

letters indicate significant difference between green manure plants (ANOVA and Tukey test – p<0.05). Absence of 

letters indicates that there was no significant difference (ANOVA – p>0.05). 

N stock in soil ranged from 959 to                  

1664 kg ha-1 in year 1 (Figure 2) and from 1931 to 

2880 kg ha-1 in year 2, with no significant 

differences between the means (p>0.05). There was 

also no significant interaction between treatments 

with green manure plants and P doses (p>0.05) in the 

two years studied for this variable. 

In year 2, the seeds of the legume plants were 

inoculated and, due to the BNF process, greater 

quantities of N were expected to be incorporated into 

the plants. However, this did not occur for all 

legumes; in most of them, N values in year 2 were 

lower than those in year 1. N supplies by legume 

plants can be very variable, depending on species, 

weather conditions (temperature and precipitation), 

photoperiod, latitude, and fertility, microbiology and 

type of soil, especially the presence of soil-native        

N-fixing bacteria (Rhizobium) (OLIVEIRA et al., 

2015; MANGARAVITE et al., 2014; MASSAD et 

al., 2014; RECALDE et al., 2014). 

The reduction of N in plants in year 2 may be 

related to increases of N in the soil, from year 1 to 

year 2. BNF is a process regulated by the need of the 

environment and N-fixing species. In the specific 

case of year 2, due to the increase in the availability 

of N in the soil, this may have interfered in the BNF 

process, with the consequent reduction of N in the 

dry mass of the legume plants. 
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The competition between the strains 

inoculated in the seeds and native fixing bacteria 

existing in the soil may also interfere with the BNF 

process. Rufini et al. (2014) found high nodulation in 

plants that did not receive inoculants and attributed 

their results to the presence of native N-fixing 

bacteria in the soil. Cavalcante et al. (2017), studying 

the application of inoculants in the legume species 

cowpea, observed no significant effect of the 

presence and absence of inoculation in the seeds on 

yield. These authors detected the presence of native 

N-fixing bacteria and concluded that the addition of 

new bacteria by inoculation can cause competition 

between them and, consequently, hamper the 

development of the crop. 

Figure 3 shows the results of carbon (C) in 

green manure plants and stock in soil. In year 1, the 

C added by the DM of their aerial part ranged from 

3519 to 13208 kg ha-1. The plants that most 

assimilated C were: CJ, MI and CO                      

(Tukey – p<0.05). In year 2, the inputs of C by the 

plants ranged from 4677 to 13189 kg ha-1, and the 

greatest quantity was observed in the species CJ 

(Tukey – p<0.05). In the two years studied, there was 

no significant interaction between P doses and C 

means in green manure plants. The C stock in soil 

varied both in year 1 and in year 2, from 21244 to 

30883 kg ha-1, without differences and without 

significant interactions (p>0.05) between treatments 

with green manures and P doses. 

 1 
CJ: Crotalaria juncea; CO: Crotalaria ochroleuca; PP: pigeon pea; MI: millet, VB: velvet bean and SV: spontaneous 

vegetation. SE: standard error of the mean. Data transformed to Log (x) for statistical analyses. Different uppercase 

letters indicate significant difference between green manure plants (ANOVA and Tukey test – p<0.05). Absence of 

letters indicates that there was no significant difference (ANOVA – p>0.05). 

Figure 3. Total carbon (C) in the plant and stock in soil subjected to management with green manure plants under three 

doses of phosphorus (P). 

According to Taiz and Zeiger (2004), the 

different architectures of plants interfere with the 

interception of light; once they are supplied with 

water and nutrients, it will result in different 

assimilated quantities of C. In addition, the anatomy 

of the leaves interferes with the photosynthetic 

responses, in the way CO2 diffuses from the 

atmosphere to the leaves, all depending on the 

species and, in the case of this study, on the different 

plants used as green manure. 

The obtained results of C in the plants are 

above those found in other studies (PEREIRA; 
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SOARES; MIRANDA, 2016; LIMA et al., 2010; 

CALVO et al., 2010). The higher value of C found in 

the species CJ, both in year 1 and in year 2, is related 

to its rapid initial growth in the first 40 days after 

sowing - DAS (TEODORO et al., 2011). 

Rosa et al. (2017) obtained results similar to 

those of the present study, with low sensitivity of 

total soil organic C between treatments with 

management systems. According to these authors, it 

should be considered that the increase in total C 

content in the soil occurs gradually and its benefits 

are visualized over the years. 

Figure 4 shows the quantities of P in the 

plants, which ranged in year 1 from 13 to 68 kg ha-1. 

The highest quantities of P were accumulated in the 

green manure species CJ, CO and MI and the lowest 

quantities in PP and VB (p<0.05). In year 2, the 

quantities of P in the plants ranged from 33 to          

182 kg ha-1, with the highest amount of P 

accumulated in CJ and the lowest quantities in the 

others (p<0.05). There was no significant interaction 

between the doses of Reactive Natural Phosphate 

(RNP) and the P accumulated in the green manure 

plants in the two years studied. 

 1 
CJ: Crotalaria juncea; CO: Crotalaria ochroleuca; PP: pigeon pea; MI: millet, VB: velvet bean and SV: 

spontaneous vegetation. SE: standard error of the mean. Data were transformed to Log (x) for statistical analysis. 

Different uppercase letters indicate significant difference between green manure species; different lowercase letters 

indicate significant difference between P doses for each green manure plant (ANOVA and Tukey test – p<0.05). 

Absence of letters indicates that there was no significant difference (ANOVA – p>0.05). 

Figure 4. Phosphorus (P) in the plant and stock in soil subjected to management with green manure plants under three 

doses of phosphorus (P). 

The obtained results of P in the plants in the 

present study were higher than those found in other 

studies (XAVIER; OLIVEIRA; SILVA, 2017; 

SILVA et al., 2017), which are justified by the high 

production of dry mass and satisfactory weather 

conditions for the development of plants used as 

green manure (LEITE, 2018) and by the high P 

content in the soil (P: 37.9 mg dm-3, Clay: 9.6%) at 

the beginning of the experiment. 

The P stock in soil, in year 1 (Figure 4), 

ranged from 98 to 251 kg ha-1, with no significant 

differences between green manures and no 

significant interaction with RNP doses (p>0.05). In 

year 2, the P stock in soil ranged from 126 to 354 kg 

ha-1 with significant differences according to the 

following descending order: CO (A), CJ (AB), PP 
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(AB), MI (AB), SV (AB), VB (B). There was 

significant interaction between the RNP doses and 

the green manure species CJ and VB, according to 

the following descending order: 100 (a); 50 (ab) and 

0 kg ha-1 of P2O5 (b). Means of P stock in soil with 

equal letters did not differ significantly by Tukey test 

(p>0.05). 

The significant differences observed in the P 

stock in soil (year 2) are in accordance with the 

results obtained by Hall et al. (2010), according to 

whom plants access P in the soil in different ways 

and degrees of adaptation, some utilize inorganic 

phosphorus (Pi), through their roots or associations 

with mycorrhiza, and some utilize organic 

phosphorus (Po), through specialized enzymatic 

mechanisms (acid and alkaline phosphatases). Casali 

et al. (2016) reported that plant species have different 

P absorption and accumulation capacity, but the 

main determinant is the availability of P in the soil. 

The quantities of potassium (K) accumulated 

in plants used as green manure in year 1 (Figure 5) 

ranged from 70 to 329 kg ha-1. There was a 

significant difference (p<0.05) between the green 

manure plants, with the highest values obtained in 

the species CJ, CO and MI, and lowest values in the 

species PP and VB. In the second year, the quantities 

of K in the plants varied from 189 to 892 kg ha-1, 

with significant differences (p<0.05) between the 

green manure species, being higher in CJ, 

intermediate in CO and lower in the species PP, MI, 

VB and in the treatment with SV. There was no 

significant interaction (years 1 and 2) between P 

doses and green manure plants. 

The K stock in soil in year 1 (Figure 5) 

ranged from 110 to 329 kg ha-1, with significant 

differences (p<0.05) between treatments with green 

manure plants, according to the following 

descending order: MI (A), SV (AB), CJ (ABC), CO 

(ABC), PP (BC) and VB (C). Means of K stocks in 

the soil with equal letters did not differ significantly 

by Tukey test (p>0.05). There was no significant 

interaction in the K stock in the soil between P doses 

and green manure plants, in the two years studied. 

 1 
CJ: Crotalaria juncea; CO: Crotalaria ochroleuca; PP: pigeon pea; MI: millet, VB: velvet bean and SV: spontaneous 

vegetation. SE: standard error of the mean. Data were transformed to Log (x) for statistical analysis. Different uppercase 

letters indicate significant difference between green manure species; different lowercase letters indicate significant 

difference between P doses for each green manure plant (ANOVA and Tukey test – p<0.05). Absence of letters 

indicates that there was no significant difference (ANOVA – p>0.05). 

Figure 5. Potassium (K) in the plant and stock in soil subjected to management with green manure plants under three doses 

of phosphorus (P). 
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Favarato et al. (2015) did not find significant 

differences between grasses and legumes used as 

green manure, regarding the K contents in the soil. 

Espíndola et al. (2006), when studying the 

decomposition and release of K in different cover 

crops, observed higher K accumulation in the soil 

under grasses. The results of this study corroborate 

those found by the authors mentioned above; the 

highest values of K in the soil were found under MI 

(year 1) (grass), but the legume plants also stood out 

in terms of K supply, being statistically equal to the 

K stocks in the soil under MI. Another important 

highlight was the treatment under SV, which in year 

2 had the highest K stock in the soil, which can be 

explained, according to Lorenzi (2008), by the high 

capacity of these plants to absorb and accumulate 

nutrients. 

Figure 6 shows the carbon/nitrogen (C/N) 

ratios in plants and soil. In plants (year 1), the C/N 

ratios varied between 11 and 23, with the highest 

value observed in MI and the lowest value in VB 

(p<0.05). The species CJ, CO and PP showed 

intermediate ratios and no significant differences 

between them (p>0.05). In year 2, the C/N ratios in 

plants ranged from 14 to 26 (p<0.05), being higher in 

the species MI and CJ, intermediate in SV and CO, 

and lower in the species PP and VB. 

 1 
CJ: Crotalaria juncea; CO: Crotalaria ochroleuca; PP: pigeon pea; MI: millet, VB: velvet bean and SV: spontaneous 

vegetation. SE: standard error of the mean. Data were transformed to Square Root (x + 1) for statistical analysis. Dashed 

lines represent the limits between mineralization/immobilization of plants and soil. Different uppercase letters indicate 

significant difference between green manure species. Absence of letters indicates that there was no significant difference 

(ANOVA – p>0.05). 

Figure 6. Carbon/nitrogen ratios (C/N) in the plant and soil subjected to management with green manure plants under three 

doses of phosphorus (P). 

The lowest C/N ratios obtained in legume 

plants (except for CJ, in year 2) are of great interest 

for the managements that will be recommended, 

especially those of legume plants, which in addition 

to the low C/N ratio, contain soluble substances in 

large quantities, such as free amino acids and 

reducing sugars, which facilitates the action of 

microorganisms in the decomposition process, 

providing nutrients for subsequent crops for food 

production in family farming (CORREA et al., 

2014). 

The C/N ratios in the soil in year 1 (Figure 6) 

ranged from 20 to 34, with no significant differences 

(p>0.05) between treatments with green manure 
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plants. In year 2, the C/N ratios in the soil ranged 

from 10 to 13, also without significant differences 

(p>0.05) between the treatments with green manures. 

In the two years studied, there was no significant 

interaction between treatments with fertilization 

plants and P doses. 

When comparing the C/N ratios in the soil 

between the years studied, lower values were 

observed in the second year. According to Fornasieri 

Filho (2007), the decomposition of organic matter is 

mainly regulated by the C/N ratio present in the soil. 

Buckman and Brady (1967) reported that the 

appropriate C/N ratio in the soil should be between 

10 and 12. The results of this study indicate that the 

green manure plants at the end of the experiment 

added C and N to the soil in a balanced way, which 

will be used by microorganisms, improving soil 

quality and increasing the contents of nutrients for 

food production in family farming. 

 

 

CONCLUSIONS 
 

Legume green manure plants accumulated 

high quantities of nutrients in their dry masses, 

which after mineralization increased the stocks of 

nitrogen (N), phosphorus (P) and potassium (K) in 

the soil. The species Crotalaria juncea (CJ) 

accumulated the highest amount of N. 

The legume species Crotalaria ochroleuca 

can be recommended for family farming, being a 

technically feasible alternative of soil management 

for this producing class. 

This work concluded that it is possible to 

increase soil fertility, and the proposed managements 

supply carbon to the agroecosystem, which activates 

soil microbiology, promoting ecosystem services that 

will ensure the sustainability of family farming. 
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