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Compost and Arbuscular mycorrhizal fungi are environmentally 
sustainable and low-cost materials that can benefit tropical soils with high 
phosphorus fixation and low organic matter content. This study 
investigated the effects of Arbuscular mycorrhizal fungi (AMF) and 
compost on the growth and nutrient uptake efficiency of sugarcane 
(Saccharum officinarum) seedlings. The experimental design was a 
completely randomized factorial design, where factor A (n = 5) was the 
compost doses (0, 15, 30, 60 and 120 t ha-1) and B (n = 3) the AMF 
inoculum (Rhizophagus clarus, Gigaspora margarita, and non-inoculated). 
At 30 and 90 d, seedlings’ diameter and height were measured. 
Mycorrhizal colonization rate, biomass production, nutrient uptake (P and 
N), and mycorrhizal dependency were assessed at the end of the 
experiment. The AMF and compost doses affected the colonization rate, 
initial growth, biomass production, and nutrient uptake of sugarcane 
seedlings. Overall, the AMF benefited plant growth at lower doses of 
compost. R. clarus had a higher impact on the shoot diameter of 
sugarcane seedlings. Mycorrhizal colonization increased with compost 
addition only in seedlings inoculated with G. margarita. There was no clear 
trend among AMF treatments for nutrient uptake. In general, sugarcane 
seedlings dependency on mycorrhizal condition to produce growth was 
higher at lower compost doses. 
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INTRODUCTION 
 

Brazil is the largest producer of sugarcane (Saccharum officinarum) in the world 

(Foreign Agricultural Service 2018). Sugarcane is primarily used to make ethanol, an 

alternative to petroleum-based fuels (Köberle et al. 2019). In 2019, Brazil produced 32.31 

billion liters of ethanol, an 18.6% increase from the previous year (CONAB 2020). Because 

Brazilian soils contain high phosphorous (P) fixation capacity, more fertilizer is required 

to produce crops such as sugarcane (Withers et al. 2018). 

Due to the global transition to using more sustainable and environmentally 

conscious agricultural practices, an alternative to using chemical fertilizer is needed for the 

high nutrient loads required to produce crops in Brazilian soils. One alternative to chemical 

fertilizer is compost, which is nutrient-rich, economical, and has a low environmental 

impact (Epstein 1997). Applying compost to soils increases crop yields, improves soil 
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physiochemical properties, and increases nutrient availability to plants (Epstein 1997; 

Yang et al. 2015).  

Use of compost as natural fertilizer is a common practice in several regions of 

Brazil. Factors such as high nutrient content, low price, and easy access make organic 

compost a viable source of nutrients for infertile soils. The compost selected for this work 

is commercially available in Midwest Brazil and consists of a diverse blend of animal and 

vegetable waste such as poultry litter, sugarcane bagasse, and filter cake (Schiavo et al. 

2010). Fontoura and Tosta (2014) reported a 22% increase in corn production in a farm 

field characterized by nutrient deficiency and low organic matter content. Studies show 

that compost and organic fertilizers are able to improve both physical and chemical 

characteristics of soil as well as stimulate microbiological activity (Weber et al. 2014; 

Strachel et al. 2017; Głąb et al. 2018). Few studies have reported the efficiency of a 

commercial organic compost produced in Midwest Brazil (Costa et al. 2011a,b,c). The 

studies aimed to improve growth conditions for either fruit producing trees or shrubs such 

as papaya (Carica papaya), passion fruit (Passiflora edulis Sims), and jatoba seedlings 

(Hymenaea stigonocarpa Mart. ex Hayne). 

High nutrient content does not guarantee healthy growth and development of plants. 

If the nutrients are in their organic form, plants cannot benefit from them. Arbuscular 

mycorrhizal fungi (AMF) have a symbiotic relationship with terrestrial plant roots, which 

promotes plant nutrient uptake and growth (Smith and Read 2008; Ortas et al. 2018), heavy 

metal and salt resistance (Sheng et al. 2008; Andrade et al. 2010), and decreased incidence 

of nematode and pathogen infection (Campos et al. 2017; El-Sharkawy et al. 2018). 

However, there is a lack of information on the response of AMF to soil substrates enriched 

with compost.  

The objective of this study was to investigate the effect of organic compost and 

AMF on the growth, biomass weight, and phosphorus and nitrogen uptake of sugarcane 

seedlings.   

  

 
EXPERIMENTAL 
 

AMF Propagation 
The AMF inocula were isolated from soil mixed with hyphae and spores of 

Rhizophagus clarus and Gigaspora margarita. The soil substrate used to propagate AMF 

inocula consisted of acrisol chromic soil (according to World Reference Base for Soil 

Resources) and sand in the proportion of 1:2 (volume) that was sterilized and placed in 5 

L capacity plastic containers. The propagation was performed through the cultivation of 

Urochloa brizantha cv. Xaraés as host plant under greenhouse over four months. The roots, 

spores, and hyphae produced by each species were used as inoculum.  

 

Test Set Up 
The experiment was conducted at the State University of Mato Grosso do Sul in 

Aquidauana, Brazil (20°27'20’’ S, 55°40'17” W). The experiment was a factorial complete 

randomized design where factor A was compost doses (0, 15, 30, 60, and 120 t ha-1) and B 

inoculum (R. clarus, G. margarita, and non-inoculated control) with four replicates in each 

combination treatment.  

The compost used on this experiment was a commercial formulation manufactured 

at Organoeste facilities in Dourados, Mato Grosso Do Sul Brazil. The compost is a multi-
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nutrient organic material produced through bioextraction method. The formula preparation 

lasts 15 days and during this time its temperature reaches up to 100 degrees for 24 hours to 

ensure sterility. Organoeste products are certified by both national and international 

agencies such ECOCERT BRAZIL, responsible to regulate national certification of 

organic products, and by the COFRAC French National Agency, according to ISO 65 

Guide and based on the 007/99 Normative Instruction of the Ministry of Agriculture, 

Livestock and Food Supply (MAPA). 

The soil substrate followed a 1:2 proportion of medium grain size vermiculite and 

acrisol chromic soil. The mix was sterilized, and organic compost doses were added based 

on an area of 1 ha and a 20 cm soil depth, which corresponded to 0, 15, 30, 60, and 120 t 

ha-1. These doses were scaled down to the size of the containers (5 L) used in the 

experiment. A total of 60 containers were used, each containing two seedlings. The 

compost had a high nitrogen and phosphorus content that came from vegetal and animal 

waste sources. Soil pH was neutralized with lime based on the analysis. 

 

Table 1. Chemical Characteristics of Compost and Soil  
 

Parameter 
Substrate 

Compost Soil 

pH1 7.6 4.8 

Organic matter (g L-1)2 495.6 13 

P (mg L-1)3 16.6 3.5 

K+ (mmolcL-1)4 76.7 1.6 

Ca2+ (mmolcL-1)5 942.6 10 

Mg2+ (mmolcL-1)5 218.1 7 

Al3+ (mmolcL-1)6 - 4 

H + Al (mmolcL-1)7 - 27 

Sum of bases (mmolcL-1) 1,237.50 18.6 

Cation exchange capacity (mmolcL-1) - 45.6 

Base saturation (%) - 40.8 

Al saturation (%) - 8.7 

B (mg L-1)8 220 - 

Cu (mg L-1)9 100 - 

Fe (mg L-1)9 29,800 - 

Mn (mg L-1)9 530 - 

Zn (mg L-1)9 40 - 

Obtained from water (soil: solution 1:2.5); 2 determined by the Walkley-Black method; 3 
extracted with Mehlich-1 solution and determined by colorimetry; 4 extracted with Mehlich-1 
solution and determined by flame spectrophotometry; 5 extracted with KCL 1 mol L-1 and 
determined by complexiometry; 6 extracted with de KCL 1 mol L-1 and determined by titration; 7 
extracted with calcium acetate (0.5 mol L-1)  and determined by titration; 8 extracted from hot 
water and determined by azomethine-H method; 9 extracted using tri-acid digestion method 
and determined by atomic absorption spectroscopy. 

 

The sugarcane seedlings were collected from the Sugar and Ethanol Louis Dreyfus 

Commodities-LDC plant located in Maracaju, Brazil. The stems were disinfected with 10% 

sodium hypochlorite for three minutes and then rinsed with running water. Next, sugarcane 

seedlings were planted into the compost soil mixture, and 10 mL of inoculum containing 

spores, roots, and hyphae of their respective AMF (Rhizophagus clarus, Gigaspora 
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margarita) was added (Fig. 1). A set of containers was left without inoculum to be the 

control reference. The seedlings were monitored daily and irrigated as needed.  

 

 
 

Fig. 1. Sugarcane seedlings planting procedure 

 

Data Collection and Evaluation 
The growth parameters of sugarcane seedlings, such as shoot height (H) and 

diameter (D), were measured after 30 and 90 d of germination. The height was measured 

from the soil level to the last leaf. Diameter measurements were taken at the soil level. At 

the end of the experiment, the plants were removed, and roots were separated from the 

stem. Roots were washed, and samples were taken for both dry matter and AMF 

colonization evaluation. For the mycorrhizal colonization (%), roots were stored in 50% 

ethanol and later stained with methylene blue (Koske and Gemma 1989). The mycorrhizal 

colonization (%) was determined through the slide method described by Giovannetti and 

Mousse (1980).  

Shoots and roots were oven-dried at 65 °C until a constant weight was reached, 

then dry mass was determined. Shoots were ground and digested with H2SO4 (N 

determination) and HNO3-HClO4- (P determination). N was determined by the Nessler 

method (Jackson 1965), and P concentration was measured using the colorimetric 

molybdenum blue method (Murphy and Riley 1962). Mycorrhizal dependency (MD) was 

calculated from the dry weight of inoculated seedling divided by the dry weight of non-

inoculated seedling (Menge et al. 1978). 

Statistical Analysis of Variance (ANOVA) was performed for each response 

variable. Means were evaluated by Tukey test at 5% and regression analyses (p < 0.05 and 

p < 0.01) using Sistema para Analises Estatisticas (SAEG) software.  
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RESULTS AND DISCUSSION 
 

The growth of sugarcane seedlings was impacted by compost doses and AMF 

inoculation (Table 2). In the initial growth (30 d), the seedlings colonized by R. clarus grew 

better in lower doses of compost. The sugarcane seedlings had linear growth in response 

to compost doses.  After 90 d of growth, seedlings colonized by G. margarita grew 

significantly more in diameter at 0 and 15 t ha-1 compost dose compared to R. clarus and 

the control. This positive effect indicated that the inoculated seedlings were more efficient 

with nutrient uptake and transportation (Siqueira 1994). Increasing nutrient uptake and 

transportation efficiency may result in rapid growth and reduction of production costs. The 

faster growth at lower doses may be related to the low nutrient environment that AMF are 

adapted to. At 90 d, control and R. clarus inoculated seedlings showed a significant 

diameter increase with compost increment (p < 0.01). R. clarus inoculated seedlings 

exhibited a quadratic trend in shoot diameter in the function of compost dose.  

 

Table 2. Effect of Arbuscular mycorrhizal Fungi (AMF) and Compost Doses on 
Sugarcane Growth 

Inoculum 
  Compost Doses (t ha-1) Regression Analyses 

0 15 30 60 120 R² Equation CV(%) p-value 
 Shoot diameter  (mm) after 30 d     

Control1 5.0a 6.0a 6.2a 6.5a 7.0a L, 79.1 
Ŷ= 5.51** + 
0.013** x 

11.6 0.017 

R. 
clarus 2 

5.1a 6.4a 6.6a 6.9a 5.4b - - 15.0 0.057 

G.  
margarita3 

4.5a 5.8a 6.3a 6.3a 5.7ab - - 18.1 0.137 

 Shoot height (cm) after 30 days     

Control 12.5a 16.5ab 16.8a 18.7ab 19.7a - - 19.2 0.055 

R. 
clarus 

11.2a 17.2a 19.6a 20.7a 11.2b 
Q, 

97.3 

Ŷ = 12.02** 
+ 0.32** x - 
0.002** x² 

20.1 0.001 

G. 
margarita  

9.0a 11.2b 6.7b 15.0b 12.1b - - 28.9 0.020 

 Shoot diameter (mm) after 90 days     

Control 8.00b 13.4b 13.0a 14.8a 16.6a   7.9 0.000 

R. 
clarus 

9.1b 13.7b 15.4a 16.5a 15.5a 
Q, 

91.5 

Ŷ=10.01+ 
0.20x-
0.001x2* 

10.2 0.000 

G. 
margarita 

13.2a 16.7a 13.7a 15.7a 18.1a     14.3 0.033 

 Shoot height (cm) after 90 days     

Control 34.0a 72.9a 82.3a 110.0a 123.4a L, 81.1 
Ŷ=54.74+ 
0.66x 

14.5 0.000 

R. 
 clarus 

30.7a 78.4a 92.2a 110.3a 96.8b 
Q, 

93.9 
Ŷ=38.65+ 
2.13x-0.01x2 

17.8 0.000 

G.  
margarita 

33.7a 65.0a 77.7a 99.7a 114.0ab L, 83.5 
Ŷ=50.93+ 
0.6x 

20.6 0.000 

Means followed by the same letter per column and inoculum do not differ by Tukey test at 5% 
probability. 

CV coefficient variation; Q quadratic and L linear regression significant by the F test at 5% (*) and 1% 
(**) probability 
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Overall, sugarcane shoot height was not affected by AMF inoculation at 30 and 90 

d after planting. However, G. margarita seedlings grew less in height after 30 d at dose 30 

t ha-1 compost dose.  After 90 d at 120 t ha-1, the control seedlings were statistically taller 

than R. clarus (Fig.2). Monte Junior et al. (2012) found similar results on neem 

(Azadirachta indica) seedlings inoculated with AMF and cultivated with compost.  

 

 
Fig. 2. Growth of sugarcane seedlings after 90 days. From the far left, Control, G. margarita, R. 
clarus at doses (a) 30 t ha-1 and (b) 120 t ha-1. 

 

Some mycorrhizae are less effective for nutrient uptake in organic substrates than 

on mineral soil (Perner et al. 2006), which may reflect on plant growth. However, the 

compost had a significant effect on the vertical growth of sugarcane seedlings (p < 0.01). 

While non-inoculated and G. margarita inoculated seedlings yielded a linear trend in 

compost addition, R. clarus showed a quadratic function. 

 

 
Fig. 3. Effect of AM inoculation and compost dosage on mycorrhizal colonization of sugarcane 
seedlings 
 

Arbuscular mycorrhizal colonization (%) of sugarcane seedlings varied with 

compost dosage (Fig. 3). R. clarus inoculation did not yield a consistent colonization rate 
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in response to variation of compost doses. The highest value for this treatment was reported 

at 15 t ha-1 compost dose. As compost dose increased, G. margarita colonization (%) also 

increased. Although the control plants were not inoculated, some roots exhibited AMF 

colonization, which was likely caused by contamination from the water used for irrigation, 

insects, or wind.  

These results differed from those of Hart and Reader (2002), who reported that 

Glomeraceae family (R. clarus) yielded higher colonization rate when compared to species 

of Gigasporaceae family (G. margarita). Although mycorrhizal colonization rate is an 

important variable to determine the AMF potential to establish root colonization, it is not 

the only factor that assists the host plant with nutrient uptake capacity. For example, AMF 

with a high colonization rate may not produce external hyphae necessary to benefit the 

plant by water and nutrient absorption (Almeida 2007).  

The inoculation by G. margarita at doses 30 and 60 ha t-1 promoted higher shoot 

dry matter compared to the control and R. clarus treatments. The highest dose of compost 

increased shoot production in control and R. clarus inoculated seedlings. G. margarita 

inoculation did not produce the highest value for shoot dry matter. However, it promoted 

a consistent increase of dry matter in response to compost addition that was verified by the 

linear function expressed on the equation on Table 3. Furthermore, it is important to select 

efficient microorganisms to increase crop production and soil fertility.  

 

Table 3. Effect of AMF and Compost Doses on Biomass Production 

Inoculum 
Compost doses (t ha-1) Regression analyses 

0 15 30 60 120 R2 Equation 
CV 
(%) 

p-value 

 Shoot dry matter (g pot-1)     
Control1 4.3a 92.8a 70.1b 152.1ab 251.5a   17.7 0.000 

R. 
clarus2 8.7a 50.4b 37.7b 128.6b 227.6a 

  
19.1 0.000 

G. 
margarita3 13.7a 54.7b 118.1a 171.4a 183.5b 

L, 
78.0 

Ŷ=46.77 
+1.37x* 

22.8 0.000 

 Root dry matter (g pot-1)     
Control 3.9a 23.5a 22.1b 47.8a 49.6a   24.1 0.000 

R. 
clarus 

18.1a 21.1a 59.4a 39.2a 65.7a 
  

44.8 0.006 

G. 
margarita 

8.1a 24.4a 41.6ab 28.0a 50.9a   65.7 0.073 

 Total dry matter (g pot-1)     
Control 8.3a 116.3a 92.2b 199.9a 301.7a   15.7 0.000 

R.  
clarus 

27.2a 71.5a 97.1b 167.8a 293.3a 
L, 

99.8 
Ŷ=32.94+ 

2.19x* 
21.1 0.000 

G. 
margarita 

21.9a 79.1a 159.6a 199.5a 234.3b 
L, 

80.0 
Ŷ=64.82+1.65x* 23.2 0.000 

Means followed by the same letter per column and inoculum do not differ by Tukey test at 5% 
probability. 

CV coefficient variation; Q quadratic and L linear regression significant by the F test at 5% (*) and 
1% (**) probability 

 

The AMFs yielded higher root dry matter on sugarcane seedlings except at doses 

15 and 60 ha t-1.  At a dose of 30 ha t-1, R. clarus significantly affected sugarcane root 

growth. According to Soares and Carneiro (2010), the increase in root production 
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influences microorganism activity and diversity in soil, which may result in improved soil 

structure and aggregation. Overall, the two inoculations did not affect the total production 

of dry matter. Only G. margarita inoculation promoted significant biomass production at 

30 ha t-1. The compost promoted an increase in total dry matter of inoculated seedlings. 

The regression analyses showed a trend on total dry matter as a linear function of compost. 

 AMF did not play a significant role in nitrogen uptake by sugarcane seedlings 

except for R. clarus at 120 t ha- 1. Even though there was no significant difference among 

the treatments at dose 0 t ha- 1, plants inoculated with either AMF absorbed approximately 

97% more N than the control plants (Table 4). The application of compost influenced the 

N concentration in all inoculation treatments (p < 0.01). The regression analyses showed 

that G. margarita inoculated seedlings had a linear function in response to compost 

addition for N uptake.  Zabinski et al. (2002) explains that the fungus may deliver more N 

to the host plant than is required at a given condition, and “luxury absorption” on N could 

occur. Mycorrhizal symbiosis creates a hyphal network that favors N derived from organic 

nitrogen sources and even can exceed those levels (Whiteside et al. 2009; Hodge et al. 

2001; Hodge and Fitter 2010; Jansa et al. 2019).  

 
Table 4. Effect of AMF and Compost on N and P Uptake by Sugarcane 
Seedlings 

Inoculum 
  Compost Doses (t ha-1) Regression Analyses  

0 15 30 60 120  

 N (mg pot-1) R2 Equation 
CV 
(%) 

p-
value 

Control 1 1.8a 459.5a 382.8a 929.5a 1649.4b   26.3 0.000 

R.  
clarus2 63.2a 310.7a 329.6a 1076.7a 2226.2a   45.2 0.000 

G. 
margarita3 

77.9a 287.1a 679.1a 1101.2a 1226.6b 
L, 

83.2 
Ŷ=248.38 
+9.58x* 

21.7 0.000 

  P (mg pot-1)     

Control 5.2a 430.9a 279.8b 1139.5a 2810.2a   34.50 0.000 

R. 
clarus 

36.7a 675.0a 367.9b 1478.9a 3089.6a   35.79 0.000 

G. 
margarita 

39.9a 319.1a 1389.5a 1525.6a 1732.6b     71.88 0.013 

 Mycorrhizal dependency (%)     

Control 0 0 0 0 0     

R.  
clarus 

67.8 -75.6 2.0 -25.1 -4.8 
    

G. 
margarita 

61.6 -68.9 44.3 -4.7 -29.7 
        

Means followed by the same letter per column and inoculum do not differ by Tukey test at 5% 
probability. 

CV coefficient variation; Q quadratic and L linear regression significant by the F test at 5% (*) and 
1% (**) probability 

 

G. margarita inoculation affected P content in response to compost addition (p < 

0.05). While dose 30 ha t-1 seedlings inoculated with G. margarita were efficient in P 

absorption, they showed significantly lower P uptake at a dose of 120 ha t-1. This result 

supports Püschel et al. (2017), who reported that AMF benefits might be reduced or even 

removed when there is an excessive amount of soil nutrients, particularly P.  Additionally, 

earlier studies had shown that G. margarita is sensitive to P fertilization (Tawaraya et al. 
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1998; Johnson 1993; Douds and Schenck 1990). This corroborates the present results, since 

the compost had a high concentration of P.  Moreira and Siqueira (2006) reported that 

fertile soils might inhibit symbioses; therefore, AMF is particularly useful for improving 

growing conditions in infertile soils.  

The inoculated sugarcane seedlings exhibited negative values of mycorrhizal 

dependence at doses 15, 60, and 120 t ha-1 of compost. According to Karanika et al. (2008), 

the highly branched and extensive fine root systems of perennial grass make them less 

likely to benefit from mycorrhizal association (Maherali 2014). 

 
 
CONCLUSIONS 
 

1. The arbuscular mycorrhizal fungi (AMF) and compost doses affected the colonization 

rate, initial growth, biomass production, and nutrient uptake of sugarcane seedlings.  

2. Overall, the AMF benefited plant growth at lower doses of compost. R. clarus had a 

higher impact on the shoot diameter of sugarcane seedlings. The height was not 

significantly impacted by AMF inoculation; however, it is unclear how AMF would 

affect sugarcane growth as the plant matures.  

3. The mycorrhizal colonization increased with compost addition only in seedlings 

inoculated with G. margarita. Overall, R. clarus inoculation promoted the highest dry 

matter production.  

4. On nutrient uptake, there was no clear trend among AMF treatments. High doses of 

compost substituted for AMF’s role with respect to nutrient uptake because plants 

cultivated in high nutrient substrates are less dependent on AMF. This explained the 

negative mycorrhizal dependency in high doses of compost (60 and 120 t ha-1). 

 

 

ACKNOWLEDGMENTS 
 

The authors are grateful for the support of the “Fundação de Apoio ao 

Desenvolvimento do Ensino, Ciência e Tecnologia do Estado de Mato Grosso do Sul 

(Fundect)” in cooperation with “Coordenação de Aperfeiçoamento de Pessoal de Nível 

Superior (CAPES)” and “Conselho Nacional de Desenvolvimento Cientifico e 

Tecnologico (CNPq)” and supported by grant 620029/20080 and casadinho/Procad 

552377/2011-2. 

 

 

REFERENCES CITED 
 

Almeida, R. S. (2007). Physiological Profile and Expression of Phosphate Transporters 

of Sugarcane During Symbiosis with Arbuscular Mycorrhizae, Ph.D. Dissertation,  

Escola Superior de Agricultura Luiz de Queiroz, Piracicaba, Brazil. 

Andrade, J. A., Augusto, F., and Jardim, I. C. S. F. (2010). “Biorremediação de solos 

contaminados por petróleo e seus derivados [Bioremediation of contaminated soil by 

petroleum and derivates],” Eclet. Quím. 35(3), 17-43. DOI: 10.1590/S0100-

46702010000300002 



 

PEER-REVIEWED ARTICLE  bioresources.com 

 

 

Abreu et al. (2021). “Compost, fungi, & sugarcane,” BioResources 16(2), 3005-3016.  3014 

Campos, M. A. S., da Silva, F., Yano-Melo, A., de Mel, N. F., and Maia, L. C. (2017). 

“Application of arbuscular mycorrhizal fungi during the acclimatization of Alpinia 

purpurata to induce tolerance to Meloidogyne arenaria,” Plant Pathol. J. 33(3), 329-

336. DOI: 10.5423/PPJ.OA.04.2016.0094 

Companhia Nacional de Abastecimento – CONAB (2020). “Acompanhamento da safra 

brasileira de cana-de-açúcar [Follow-up of Brazilian sugarcane harvest],” Primeira 

Safra 7(1), Brasilia, Brazil. 

Costa, E., Leal, P. A., Mesquita, V. D. A., and Sassaqui, A. R. (2011a). “Efeitos do 

Organosuper® e do ambiente protegido na formação de mudas de mamoeiro [Effect 

of Organosuper® and protected environment on formation of papaya 

seedlings],” Engenharia Agrícola 31(1), 41-55. 

Costa, E., Santos, L. C. R. D., Carvalho, C. D., Leal, P. A. M., and Gomes, V. D. A. 

(2011b). “Volumes de substratos comerciais, solo e composto orgânico afetando a 

formação de mudas de maracujazeiro-amarelo em diferentes ambientes de cultivo 

[Volume of commercial substrate, soil and organic compost affecting growth of 

passion fruit seedlings in different environments],” Revista Ceres 58(2), 216-222. 

Douds, D. D., and Schenck, N. C. (1990). “Relationship of colonization and sporulation 

by VA mycorrhizal fungi to plant nutrient and carbohydrate contents,” New Phytol. 

116(4), 621-627. DOI: 10.1111/j.1469-8137.1990.tb00547.x 

El-Sharkawy, H. H. A., Abo-El-Wafa, T. S. A., and Ibrahim, S. A. A. (2018). “Biological 

control agents improve the productivity and induce the resistance against downy 

mildew of grapevine,” J. Plant Pathol. 100(3), 33-42. DOI: 10.1007/s42161-018-

0007-0 

Epstein, E. (1997). The Science of Composting, Technomic Publishing Co. Inc., 

Lancaster, PA, USA. 

Fontoura, J. U. G., and Tosta, K.C. (2014). “Resultados do uso de adubo orgânico 

Organosuper em milho [Results of organic fertilizer Organosuper in corn 

plantation],”  O Jornal do Agronegócio Brasileiro. Agricultura, Pecuária, Meio 

Ambiente, Turismo, Indústria e Energia, 123, 16 pp.  

Foreign Agricultural Service (2018). Sugar: World Markets and Trade, Office of Global 

Analysis, United States Department of Agriculture, Washington, D.C. 

Giovannetti, M., and Mosse, B. (1980). “An evaluation of techniques for measuring 

vesicular-arbuscular mycorrhizal infection in roots,” New Phytol. 84(3), 489-500. 

DOI: 10.1111/j.1469-8137.1980.tb04556.x 

Głab, T., Zabinski, A., Sadowska, U., Gondek, K., Kopec, M., Mierzwa–Hersztek, M., 

and Tabor, S. (2018). “Effects of co-composted maize, sewage sludge, and biochar 

mixtures on hydrological and physical qualities of sandy soil,” Geoderma 315, 27-35. 

DOI:10.1016/j.geoderma.2017.11.034 

Hart, M. M., and Reader, R. J. (2002). “Taxonomic basis for variation in the colonization 

strategy of arbuscular mycorrhizal fungi,” New Phytol. 153(2), 335-344.  

DOI: 10.1046/j.0028-646X.2001.00312.x 

Hodge, A., and Fitter, A. H. (2010). “Substantial nitrogen acquisition by arbuscular 

mycorrhizal fungi from organic material has implications for N cycling,” P. Natl. 

Acad. Sci. USA 107(31), 13754-13759. DOI: 10.1073/pnas.1005874107 

Hodge, A., Campbell, C. D., and Fitter, A. H. (2001). “An arbuscular mycorrhizal fungus 

accelerates decomposition and acquires nitrogen directly from organic material,” 

Nature 413, 297-299. DOI: 10.1038/35095041 

Jackson, M. L. (1965). Soil Chemical Analysis, Prentice Hall, Inc., Englewood Cliffs, NJ. 



 

PEER-REVIEWED ARTICLE  bioresources.com 

 

 

Abreu et al. (2021). “Compost, fungi, & sugarcane,” BioResources 16(2), 3005-3016.  3015 

Jansa, J., Forczek, S. T., Rozmoš, M., Püschel, D., Bukovská, P., and Hršelová, H. 

(2019). “Arbuscular mycorrhiza and soil organic nitrogen: Network of players and 

interactions,” Chem. Biol. Technol. Agric. 6(10). DOI: 10.1186/s40538-019-0147-2  

Johnson, N. C. (1993). “Can fertilization of soil select less mutualistic mycorrhizae?,” 

Ecol. Appl. 3(4), 749-757. DOI: 10.2307/1942106 

Karanika, E. D., Voulgaria, O. K., Mamolos, A. P., Alifragis, D. A., and Veresoglou, D. 

S. (2008). “Arbuscular mycorrhizal fungi in Northern Greece and influence of soil 

resources on their colonization,” Pedobiologia 51(5-6), 409-418.  

DOI: 10.1016/j.pedobi.2007.11.002 

Köberle, A. C., Portugal-Pereira, J., Cunha, B., Garaffa, R., Lucena, A. F. P., Szklo, A., 

and Schaeffer, R. (2019). “Brazilian ethanol expansion subject to limitations,” Nat. 

Clim. Chang. 9(3), 209-210. DOI: 10.1038/s41558-019-0422-z 

Koske, R. E., and Gemma, J. N. (1989). “A modified procedure for staining roots to 

detect VA mycorrhizas,” Mycol. Res. 92(4), 486-488. DOI: 10.1016/S0953-

7562(89)80195-9 

Maherali, H. (2014). “Is there an association between root architecture and mycorrhizal 

growth response?,”  New Phytol. 204(1), 192-200. DOI: 10.1111/nph.12927 

Menge, J. A., Johnson, E. L. V., and Platt, R. G. (1978). “Mycorrhizal dependency of 

several citrus cultivars under three nutrient regimes,” New Phytol. 81(3), 553-559.  

DOI: 10.1111/j.1469-8137.1978.tb01628.x 

Monte Júnior, I. P., Maia, L. C., Silva, F. S. B., and Cavalcante, U. M. (2012). “Use of 

plant residues on growth of mycorrhizal seedlings of neem (Azadirachta indica A. 

Juss.),” J. Sci. Food Agric. 92(3), 654-659. DOI: 10.1002/jsfa.4626 

Moreira, F. M. S., and Siqueira, J. O. (2006). “Os organismos do solo [Soil organisms],” 

in: Microbiologia e Bioquímica do Solo [Microbiology and Biochemistry of Soil], 

UFLA, Lavras, Brazil, pp. 7-82. 

Murphy, J., and Riley, J. P. (1962). “A modified single solution method for determination 

of phosphate in natural waters,” Anal. Chim. Acta 27, 31-36. DOI: 10.1016/S0003-

2670(00)88444-5 

Ortas, İ., Demirbas, A., and Akpinar, C. (2018). “Under sterilized and non-sterilized soil 

conditions, mycorrhizal dependency in citrus plants depends on phosphorus 

fertilization rather than zinc application,” Eur. J. Hortic. Sci. 83(2), 81-87.  

DOI: 10.17660/eJHS.2018/83.2.3 

Perner, H., Schwarz, D., and George, E. (2006). “Effect of mycorrhizal inoculation and 

compost supply on growth and nutrient uptake of young leek plants grown on peat-

based substrates,” HortScience 41(3), 628-632. DOI: 10.21273/HORTSCI.41.3.628 

Püschel, D., Janoušková, M., Voříšková, A., Gryndlerová, H., Vosátka, M., and Jansa, J., 

(2017). “Arbuscular mycorrhiza stimulates biological nitrogen fixation in two 

Medicago spp. through improved phosphorus acquisition,” Front. Plant Sci., 8(390). 

DOI: 10.3389/fpls.2017.00390 

Schiavo, J. A., da Silva, C. A., Rosset, J. S., Secretti, M. L., de Sousa, R. A. C., and 

Cappi, N. (2010). “Composto orgânico e inoculação micorrízica na produção de 

mudas de pinhão manso [Organic compost and mycorrhizal inoculation on physic nut 

seedlings],” Pesqui Agropecu. Trop. 40(3), 322-329. DOI:10.5216/pat.v40i3.6303 

Sheng, M., Tang, M., Chen, H., Yang, B., Zhang, F., and Huang, Y. (2008). “Influence of 

arbuscular mycorrhizae on photosynthesis and water status of maize plants under salt 

stress,” Mycorrhiza 18, 287-296. DOI: 10.1007/s00572-008-0180-7 



 

PEER-REVIEWED ARTICLE  bioresources.com 

 

 

Abreu et al. (2021). “Compost, fungi, & sugarcane,” BioResources 16(2), 3005-3016.  3016 

Siqueira, J. O. (1994). “Micorrizas arbusculares [Arbuscular mychorrizae],” in: 

Microorganismos de Importancia Agricola [Ecologically Important Microorganims], 

R. S. Araújo and M. Hungria, M. (eds.), EMBRAPA, Brasília, Brazil, pp. 151-194. 

Smith, S. E., and Read, D. J. (2008). Mycorrhizal Symbiosis, Academic Press, 

Cambridge, MA. 

Soares, C. R. F. S., and Carneiro, M. A. C. (2010). “Micorrizas arbusculares na 

recuperação de áreas degradadas [Arbuscular mycorrhizae to recover degraded 

areas],” in: Micorrizas: 30 Anos de Pesquisa no Brasil [Mycorrhizae: 30 Years of 

Research in Brazil], Siqueira, J. O., Souza, F. A., Cardoso, E. J. B. N., Tsai, S. M. 

(eds.), UFLA, Lavras, Brazil, pp. 441-474. 

Strachel, R., Wyszkowska, J., and Baćmaga, M. (2017). “The role of compost in 

stabilizing the microbiological and biochemical properties of zinc-stressed 

soil,” Water, Air, & Soil Pollution 228(9), 1-15. DOI: 10.1007/s11270-017-3539-6 

Tawaraya, K., Hashimoto, K., and Wagatsuma, T. (1998). “Effect of root exudate 

fractions from P-deficient and P-sufficient onion plants on root colonisation by the 

arbuscular mycorrhizal fungus Gigaspora margarita,” Mycorrhiza 8, 67-70.  

DOI: 10.1007/s005720050214 

Weber, J., Kocowicz, A., Bekier, J., Jamroz, E., Tyszka, R., Debicka, M., Parylak, D., 

and Kordas, L. (2014). “The effect of a sandy soil amendment with municipal solid 

waste (MSW) compost on nitrogen uptake efficiency by plants,” European Journal of 

Agronomy, 54, 54-60. DOI: 10.1016/j.eja.2013.11.014 

Whiteside, M. D., Treseder, K. K., and Atsatt, P. R. (2009). “The brighter side of soils: 

quantum dots track organic nitrogen through fungi and plants,” Ecology 90(1), 100-

108. DOI: 10.1890/07-2115.1 

Withers, P. J. A., Rodrigues, M., Soltangheisi, A., Carvalho, T. S., Guilherme, L. R. G., 

Benites, V. M., Gatibone, L. C., Souza, D. M. G., Nunes, R. S., Rosolem, C. A., 

Andreote, F. D., Oliveira Junior, A., Coutinho, E. L. M., and Pavinato, P. S. (2018). 

“Transitions to sustainable management of phosphorus in Brazilian agriculture,” Sci. 

Rep. 8(2537). DOI: 10.1038/s41598-018-20887-z 

Yang, H., Zhang, Q., Dai, Y., Liu, Q., Tang, J., Bian, X., and Chen, X. (2015). “Effects 

of arbuscular mycorrhizal fungi on plant growth depend on root system: A meta-

analysis,” Plant Soil 389, 361-374. DOI: 10.1007/s11104-014-2370-8 

Zabinski, C. A., Quinn, L., and Callaway, R. M. (2002). “Phosphorus uptake, not carbon 

transfer, explains arbuscular mycorrhizal enhancement of Centaurea maculosa in the 

presence of native grassland species,” Funct. Ecol. 16(6), 758-765.  

DOI: 10.1046/j.1365-2435.2002.00676.x 

 

Article submitted: November 23, 2020; Peer review completed: February 21, 2021; 

Revised version received and accepted: February 26, 2021; Published: March 3, 2021. 

DOI: 10.15376/biores.16.2.3005-3016 

 


