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For coffee production to be successful, the stage of choosing, preparing and managing the seedlings is essential. In 
the present work, the objective was to study the influence of the application of doses of Bacillus aryabhattai in ara-
bica coffee seedlings (cultivar Araras) recently planted, submitted to accentuated water deficit. The experiment was 
carried out in a greenhouse in plastic pots with a capacity of 5 dm³ filled with a substrate and previously corrected 
to reach 70% base saturation and fertilized according to the needs of the culture. The dose used was 10-8 Colony 
Forming Units (CFU) of B. aryabhattai inoculated directly into the pots at the time of fertilization. Water deficit 
treatments consisted of two levels of soil moisture maintenance: at 80% of soil Field Capacity (FC) and at 60% 
CC. The plants were submitted to the following treatments: (i) Treatment 1-plants submitted to 80% of Soil Field
Capacity, without fertilization and without inoculation; (ii) Trat 2-plants submitted to 80% of Soil Field Capacity,
without fertilization and inoculated with 10-8 CFU of B. aryabhattai at a dose of 200 mL ha-1; (iii) Trat 3-plants
submitted to 80% of Soil Field Capacity, with Conventional Fertilizer (MAP 11-52-00) and inoculated with 10-8
CFU of B. aryabhattai at a dose of 200 mL ha-1; (iv)Treat 4-plants submitted to 80% of Soil Field Capacity, with
slow release fertilizer (Organomineral 06-32-00) and inoculated with 10-8 CFU of B. aryabhattai at a dose of 200 mL 
ha-1; (v) Trat 5-plants submitted to 80% of Soil Field Capacity, with controlled release fertilizer (Phusion 06-30-00)
and inoculated with 10-8 CFU of B. aryabhattai at a dose of 200 mL ha-1; (vi) Treat 6-plants submitted to 60% of
Soil Field Capacity, without fertilization and without inoculation; (vii) Trat 7-plants submitted to 60% of Soil Field
Capacity, without fertilization and inoculated with 10-8 CFU of B. aryabhattai at a dose of 200 mL ha-1; (viii) Trat
8-plants submitted to 60% of Soil Field Capacity, with conventional fertilizer (MAP 11-52-00) and inoculated with
10-8 CFU of B. aryabhattai at a dose of 200 mL ha-1; (ix) Trat 9-plants submitted to 60% of Soil Field Capacity, with
slow release fertilizer (Organomineral 06-32-00) and inoculated with 10-8 CFU of B. aryabhattai at a dose of 200 mL 
ha-1; (x) Trat 10-plants submitted to 60% of Soil Field Capacity, with controlled release fertilizer (Phusion 06-30-00)
and inoculated with 10-8 CFU of B. aryabhattai at a dose of 200 mL ha-1. After transplanting, the vegetative growth
of the coffee plant was measured monthly, through measurements of plant height and average crown diameter. At
the end of the experiment, the number of leaves and the estimated leaf area were measured. In general, there was a
difference between the treatments at 30 DAT (Days After Transplanting) and 60 DAT in relation to Crown Diame-
ter (DCO), at 60 DAT the shoot height (APA) also differed, as well as the diameter of stem (DCA) at 75 DAT. More
studies are needed to better elucidate the real effect of inoculation of B. aryabhattai.
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INTRODUCTION

The area cultivated with Arabica coffee in Brazil is currently 
1.76 million hectares and 68% of this area corresponds to the 
state of Minas (CONAB, 2021). For coffee production to be 
successful, the stage of choosing, preparing and managing 

the seedlings is essential. The establishment of a coffee crop 
requires quality seedlings, which will result in desirable 
survival rates and rapid initial growth in the field, reducing 
replanting costs (Ferreira, et al. 2020). However, climate 
change has been a challenge due to cyclical variations in a short 
period of time (Dias, et al. 2020). In this sense, modern coffee 
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farming needs to adapt to the use of new technologies to meet 
the consumer market, going through these climatic effects and 
still produce more at the lowest possible cost (Bravin, et al. 
2020). Water restriction regions are the main limiting factor 
for coffee cultivation, in compliance with the current weather 
scenario. Climate change can be defined as local changes that 
have significant differences (Bravin, et al. 2020). Coffee is 
one of the most impacted grain crops because it is sensitive 
to high temperatures associated with water stress, affecting 
the country’s economy (Tavares, et al. 2018). Authors such 
as (Martins, et al. 2010; Damatta, et al. 2019) pointed out the 
importance of this topic so that studies on strategies to mitigate 
deleterious climatic effects are developed, since there is a need 
to adapt agriculture to increasingly frequent climate changes. 
Impacts generated by weather phenomena on economic 
activities must be reduced (Foguesatto, et al. 2019). In the last 
thousands of years, variations in climate have been harming 
the agriculture sector and ecosystems (Coltri, et al. 2019). 
Different managements of new technologies and tools that 
favor the growth and development of plants can be manipulated 
in the field (Chen, et al. 1996). The applicability of the genetics 
of the species that most withstand extreme conditions of water 
scarcity and higher temperatures (Hoffmann, et al. 2011) 
and the association of plants with microorganisms that carry 
out processes that favor plant growth are examples of these 
(Andrade Neto, et al. 1999).

Early detection of crop changes that are not favorable to 
plant growth allows modifying the medium and maximizing 
initial growth (Jausoro, et al. 2010). Beneficial bacteria are 
able to allow greater resistance of plants to conditions of water 
stress, altering their physiological properties of production 
of hormones and secondary compounds (Melo, et al. 2007). 
Without a microbiota associated with the root system of plants, 
there can be a reduction in growth, vigor and also an increase in 
seedling mortality in the field. Arabica coffee is the most valued 
species in the domestic and foreign markets (Machado Filho, et 
al. 2020). In the present work, the objective was to study the 
influence of the application of doses of Bacillus aryabhattai 
in newly planted Arabica coffee seedlings, submitted to 
accentuated water deficit (Jorge, et al. 2008).

MATERIALS AND METHODS

The experiment was conducted in a greenhouse, located 
at the Centro Universitário do Cerrado Patrocínio-UNICERP 
in the city of Patrocínio-MG. The plants were subjected to 
irrigation according to their daily needs, in order to maintain a 
field capacity of 80% of the maximum water holding capacity 
in the soil, to avoid water stress before the determined period 
(Silva, et al. 2005). Soil field capacity was determined by the 
soil column method (Fernandes, et al. 1968). A crumpled paper 
towel was placed at the bottom of a 1000 mL plastic beaker 
with a small hole near the base adding soil (fine air-dried earth-
TFSA) to a height of approximately 50 cm. Then the soil was 
added to the beaker so that the column presents regularity in the 
distribution of soil particles. At the top of the soil column, 100 
ml of filtered water was added. In the opening of the test tube, 
it was necessary to place a plastic film, to avoid the evaporation 
of the water. After 48 hours, the top 5 cm of soil was removed 
with a spatula and discarded. Then, the soil present in the 5 cm 
to 7 cm layer of the column was removed and the determination 
of soil moisture (dry basis) of this portion was carried out. The 
determination of humidity was carried out in an oven at 65˚C 
for 48 h, with the humidity value, expressed on a calculated dry 
basis, corresponding to the field capacity of the soil, expressed 
in % (g of water/100 g of dry soil). Soil water control was 
performed by weighing the pots daily.

In the experiment, the coffee cultivar Arara was used. The 
transplanting of the seedlings was carried out when they still 
had four pairs of leaves in plastic pots with a capacity of 5 dm³, 
in August 2021. The pots were filled with a mixed substrate 
of clayey and sandy soil, which was sieved and previously 
corrected to reach 70% base saturation and fertilized according 
to the needs of the second crop (Nascimento, et al. 2006). The 
dose used was 10-8 Colony Forming Units (CFU) of Bacillus 
aryabhattai inoculated directly into the pots equivalent to 200 
mL ha-1, at the time of fertilization. The water deficit treatments 
consisted of two levels of soil moisture maintenance (Pinto, et 
al. 2008). Plants were maintained at 80% of soil Field Capacity 
(FC) until 60 Days after Transplanting (DAT) and after this 
period the water was reduced to 60% CC, characterizing water 
stress, for 5 days. The plants were submitted to the following 
treatments (Table 1).

Table 1. Description of treatments.

Treatment/ab-
breviation¹

water 
condition

Source of fertilization² Inoculation with 
B. aryabhattai

1- 80-SA-SI 80% CC Without fertilization without
2- 80-SA-CI 80% CC Without fertilization with
3- 80-AC-CI 80% CC Conventional fertilizer (MAP 11-52-00) with
4- 80-ALL-CI 80% CC Slow release fertilizer (Organomineral 06-3200) with
5- 80-ALC-CI 80% CC Controlled release fertilizer (Phusion 06-3000) with
6- 60-SA-SI 60% CC Without fertilization without
7- 60-SA-CI 60% CC Without fertilization with
8- 60-AC-CI 60% CC Conventional fertilizer (MAP 11-52-00) with
9- 60-ALL-CI 60% CC Slow release fertilizer (Organomineral 06-32-00) with
10- 60-ALC-CI 60% CC Controlled release fertilizer (Phusion 06-30-00) with
Note: 1.CC: field capacity; SI: without inoculation; CI: with inoculation; SA: without fertilizer; AC: conven-
tional fertilizer; ALL: slow release fertilizer; ALC: controlled release fertilizer.
2.Doses: 346 kg/ha of MAP, 600 kg/ha of Organomineral and 600 kg/ha of Phusion.



After transplanting, the vegetative growth of the coffee 
plant was measured monthly, through measurements of plant 
height and average crown diameter, with the aid of a graduated 
ruler and stem diameter taken at 2.0 cm from the ground, with 
the aid of of digital caliper. Since coffee growth is slow in the 
first year after transplantion, the number of leaves was counted 
at the end of the experiment and the estimated leaf area was 
measured (Ramiro, et al. 2004). The method used to estimate 
the leaf area was through a mathematical equation involving 
the measurement of the leaf blade length and greater leaf width, 
according to the equation determined by (Barros, et al. 1973).

AF=0.667.CL 

Where: ÂF=estimated leaf area (cm²); C=greater length 
(cm) and L=greater width (cm).

The experiment was conducted in randomized blocks, with 
six replications (n=6). The means were submitted to analysis 
of variance (ANOVA), and later the means of the treatments 
were submitted to the multiple comparison analysis by the SNK 
test, and differences in p<0.05 were considered significant. For 
data analysis, the SPEED STAT statistical software was used 
(Carvalho, et al. 2017; Mendes, et al. 2017).

RESULTS AND DISCUSSION

In general, there was a difference between treatments at 
30 DAT and 60 DAT in relation to crown diameter (DCO), 
at 60 DAT shoot height (APA) also differed, as well as stem 
diameter (DCA) at 75 DAT (Table 2). Regarding shoot height, 
a difference was observed only between treatments 80% 
CC-SA-SI and 80% CC-ALL-CI, in which the former was 
superior. With this result, it was not clear whether the positive 
influence on the greater height of the shoot was a joint or 
separate consequence of the fertilization with a slow release 
source to the detriment of the non-use of fertilization and/or 
by inoculation with Bacillus aryabhattai, since there was no 
water limitation in both treatments. Despite this, at 75 DAT 
this difference was no longer observed, which indicates that 
fertilization and inoculation had no significant effect on coffee 
seedlings compared to non-fertilized and non-inoculated plants. 
The same behavior was observed for the crown diameter, in 
which there was a difference between the treatments in the 
period of 60 DAT and at 75 DAT, there was no distinct effect 
between the treatments (Castro, et al. 2009). 

Table 2. Aerial height (APA), stem diameter (DCA), crown diameter (DCO), and plant leaf area at 30, 60 and 75 days after trans-
planting (DAT). (Source: UNICERP Sponsorship, 2021).

APA (cm) DCA (mm) OCD (cm) AF (cm²)
Treat-
ments

30 DAT 60 DAT 75 DAT 30 DAT 60 DAT 75 DAT 30 DAT 60 DAT 75 DAT 75 DAT

80% CC-
SA-SI

8.92 12.50 b 19.00 14.92 17.83 21.33 d 3.00 3.33 ab 4.25 17.89 

80%CC-
SA-CI

10.08 14.08 
a.m.

20.67 14.75 18.33 23.75 
bcd

2.92 3.02 b 4.17 18.93 

80% CC-
AC-CI

8.33 13.33 
ab

20.50 14.11 17.83 21.92 
cd

2.67 ab 3.75 ab 4.67 19.16 

80% CC-
ALL-CI

8.58 15.17 22.33 11.25 18.02 28.08 2.58 ab 3.75 ab 4.50 20.43 

80% CC-
ALC-CI

8.50 14.17 
a.m.

21.17 to 10.92 18.17 to 24.08 
bcd

2.08 b 3.83 ab 4.83 23.00 

60% CC-
SA-SI

9.58 13.67 
ab

21.17 11.83 17.67 25.33 
abc

2.42 ab 4.08 4.50 24.96 

60% CC-
SA-CI

9.42 14.00 
a.m.

21.45 12.92 18.08 21.25 d 2.58 ab 3.58 ab 4.50 21.55 

60% CC-
AC-CI

10.58 13.25 
a.m.

22.25 13.75 18.25 27.92 2.33 ab 3.25 ab 4.50 25.37 

60% CC-
ALL-CI

9.92 14.33 
ab

21.00 11.82 17.42 20.67 d 2.58 ab 3.50 ab 4.50 20.63 

60% CC-
ALC-CI

10.00 14.50 
a.m.

22.17 12.50 18.58 27.17 
a.m.

2.58 ab 3.83 ab 4.67 23.97 

CV (%) 16.20 15.10 9.96 16.77 5.09 9.67 16.59 13.38 11.61 18.74
Note: Means followed by the same lowercase letter in the column do not differ from each other by the SNK test 
at 5% probability. Treatment abbreviations: CC: % of field capacity; SI: without inoculation; CI: with inocula-
tion; SA: without fertilizer; AC: conventional fertilizer; ALL: slow release fertilizer; ALC: controlled release 
fertilizer.



Still regarding shoot height, as treatments with lower 
irrigation regime (60% of CC) were not different from treatments 
with good water supplementation (80% of CC), inoculation 
and fertilization were not able to increase the shoot height in 
plants in water deficit (Lecoeur, et al. 1996). The association 
between microorganism and plant may have been influenced by 
external factors that were not able to show the potential of the 
inoculation technology with Bacillus aryabhattai for mitigating 
water stress. This is due to the complexity of this interaction 
between organisms that we still do not know all the details and 
applications, requiring more research (Cardoso, et al. 2019).

In what regarding the stem diameter, in the last evaluation 
(75 DAT) there was a significant difference when fertilization 
and inoculation of coffee seedlings were managed, comparing 
treatments with the same water regime (Pinheiro, et al. 2005). 
When at 80% of CC, coffee seedlings that received inoculation 
and slow-release fertilizer had a larger stem diameter than those 
that were not fertilized or inoculated. On the other hand, when 
at 60% of the CC, the plants that were inoculated and fertilized 
with conventional fertilizer had a larger stem diameter than 
those that were also inoculated, but that received slow-release 
fertilizer. This result can be explained by the time taken to 
conduct the experiment. (Marana, et al. 2008) stated that slow-
release fertilizer provides nutrients during the five-month 
period of coffee seedling formation. Therefore, this difference 
may have masked this positive effect of the gradual release of 
fertilization. This result does not corroborate with (Bachiao, et 
al. 2018) who used slow-release fertilizer and observed growth 
promotion of seedlings of different coffee cultivars. The leaf 
area was the same for all treatments. 

CONCLUSION

It can be concluded that the results in this work were not 
concise to determine the real potential for mitigating water 
stress in coffee seedlings with the use of inoculation with 
Bacillus aryabhattai under the experimental conditions in 
which the study was conducted.

REFERENCES

1. Andrade Neto CO, Beyond Sobrinho P, Souza Melo 
HN, Aisse MM (1999). In: CAMPOS, JRTreatment of 
sanitary sewage by anaerobic process and controlled 
disposal in the soil. January’s uncle: ABES. Chapter 5. 
pp: 117-138.

2. Bachião POB, Maciel AL DE R, Avila RG E, Campos 
CN (2018). Growth of coffee seedlings in tubes with 
slow-release fertilizer. Agrogeoambiental Magazine. 
10(1). 

3. Barros RS, Maestri M, Vieira M, Braga Filho LJ 
(1973). Determination of leaf area of coffee (Coffea 
arabica L. cv. ‘Bourbon Amarelo’). Ceres Magazine. 
20(107): 44-52. 

4. Bravin NP, Iron LABC, Boni TPP, Domingues CG, 
Silva CA, Dias JRM (2020). Initial growth of robusta 
coffee subjected to intercropping between the lines. 
Revista Agrarian. 13(48): 169-177.

5. Cardoso EJBN, Estrada Bonilla GA (2019). 
Agricultural inoculants. Fermentation and enzymatic 
processes. (2nd edn). Sao Paulo: Blucher. pp: 305-327.

6. Carvalho AMX, Mendes FQ (2017). Speed Stat: a 
minimalist and intuitive spreadsheet program for 
classical experimental statistics. Proceedings of the 
62nd Annual Meeting of the Brazilian Region of the 
International Society of Biometrics.

7. Castro EM, Pereira FJ, Paiva R (2009). Plant Histology: 
Structure and Function of Vegetative Organs. Lavras: 
UFLA. pp: 234.

8. Chen Y, Mei R, Liu L, Kloepper JW (1996). The use 
of yield increasing bacteria (YIB) as plant growth-
promoting rhizobacteria in Chinese agriculture. In: 
UTKHEDE, RS; GUPTA, V.K (edn). Management of 
Soil Born Diseases. Ludhiana: Kalyani Publishers. 

9. Coltri PP, Pinto HS, Golalves RRV, Zullo Junior 
J, DUBREAUIL, V (2019). Low levels of shade 
and climate change adaptation of Arabica coffee in 
southeastern Brazil. Heliyon. 5(2): e01263. 

10. CONAB- National Supply Company (2021). 
Monitoring the Brazilian coffee crop. pp: 1-71.

11. Damatta FM, Rahn E, Laderach P, Ghini R, Ramalho 
JC (2019). Why could the coffee crop harden climate 
change and global warming to a greater extent than 
previously estimated? Climatic Change. 152: p167–
178. 

12. Dias LA, Tolentino Junior JB, Bosco LC (2020). 
Climate change in agricultural and natural ecosystems: 
mitigation and adaptation measures. Agropecuária 
Catarinense. 33(2): 82-87. 

13. Fernandes B, Sykes DJ (1968). Field capacity and 
water retention in three soils in Minas Gerais. Ceres 
Magazine. pp: 1-37.

14. Ferreira FS, Goncalves FC, Nogueira CH, Martins 
CF, Vieira JG (2020). Production of arabica coffee 
seedlings in different organic substrates. Notebooks 
of Agroecology- Anais XI Brazilian Congress of 
Agroecology, São Cristóvão, Sergipe.

15. Foguesatto CR, Borges JAR, Machado JAD (2019). 
Farmers’ typologies regarding environmental values 
and climate change: Evidence from southern Brazil. J 
Clean Prod. 232: 400-407. 

16. Jausoro V, Llorente BE, Apostolo, NM (2010). 
Structural differences between hyperhydric and normal 
in vitro shoots of Handroanthus impetiginosus (Mart. 
ex DC) Mattos (Bignoniaceae). Plant Cell Tiss Organ 
Cult. 101: 183-191. 

17. Jorge LAC, Rodrigues AFO (2008). Sapphire: fiber and 
root analysis system. São Carlos: Embrapa Agricultural 
Instrumentation.

18. Lecoeur J, Sinclair RT (1996). Field pea transpiration 
and leaf growth in response to soil water deficits. Crop 
Science. 36: 331-335. 

https://agrogeoambiental.ifsuldeminas.edu.br/index.php/Agrogeoambiental/article/view/1100
https://agrogeoambiental.ifsuldeminas.edu.br/index.php/Agrogeoambiental/article/view/1100
http://www.sidalc.net/cgi-bin/wxis.exe/?IsisScript=CAFE.xis&method=post&formato=2&cantidad=1&expresion=mfn=004559
http://www.sidalc.net/cgi-bin/wxis.exe/?IsisScript=CAFE.xis&method=post&formato=2&cantidad=1&expresion=mfn=004559
https://ojs.ufgd.edu.br/index.php/agrarian/article/view/8337
https://ojs.ufgd.edu.br/index.php/agrarian/article/view/8337
https://www.researchgate.net/publication/344179014_INOCULANTES_AGRICOLAS
https://www.researchgate.net/publication/344179014_INOCULANTES_AGRICOLAS
https://www.sciencedirect.com/science/article/pii/S2405844018347698
https://www.sciencedirect.com/science/article/pii/S2405844018347698
https://www.sciencedirect.com/science/article/pii/S2405844018347698
https://link.springer.com/article/10.1007/s10584-018-2346-4
https://link.springer.com/article/10.1007/s10584-018-2346-4
https://link.springer.com/article/10.1007/s10584-018-2346-4
https://publicacoes.epagri.sc.gov.br/RAC/article/view/523
https://publicacoes.epagri.sc.gov.br/RAC/article/view/523
https://www.sciencedirect.com/science/article/abs/pii/S0959652619318116
https://www.sciencedirect.com/science/article/abs/pii/S0959652619318116
https://link.springer.com/article/10.1007/s11240-010-9675-y
https://link.springer.com/article/10.1007/s11240-010-9675-y
https://link.springer.com/article/10.1007/s11240-010-9675-y
https://acsess.onlinelibrary.wiley.com/doi/abs/10.2135/cropsci1996.0011183X003600020020x
https://acsess.onlinelibrary.wiley.com/doi/abs/10.2135/cropsci1996.0011183X003600020020x


19. Machado Filho JA, Fonseca AFA, Verdin Filho AC, 
Ferrao MAG, Ferrao RG, Costa PR (2020). Quality 
and classification of Conilon coffee.

20. Marana JP, Miglioranza É, Fonseca É DE P, Kainuma 
RH (2008). Quality and growth indices of coffee 
seedlings produced in tubes. Cienc Rural. 38(1), 39-45. 

21. Martins SR, Schlindwein SL, Dagostini LR, Bonatti M, 
Vasconcelos ACF, Hoffmann AF, Fantini AC (2010). 
Climate change and vulnerability in agriculture: 
challenges for the development of mitigation and 
adaptation strategies. Brazilian J of Env Sciences. 17. 

22. Melo HC, Evaristo Mauro de Castro, Ângela Maria 
Soares, Lucas Amaral de Melo, José Donizete Alves 
(2007). Anatomical and physiological changes in Setaria 
anceps Stapf ex Massey and Paspalum paniculatum L. 
under water deficit conditions. Hoehnea, 34(2): 145-
153. 

23. Mendes RMS, Francisco José Alves Fernandes Távora, 
João Bosco Pitombeira, Rejane Jurema Mansur 
Custódio Nogueira (2007). Source-drain relationships 
in cowpea subjected to water deficit. J of Agronomic 
Sci. 38(1): 95-103. 

24. Nascimento EA, Luiz Edson Mota de Oliveira, Evaristo 
Mauro de Castro, Nelson Delú Filho, Alessandro 
Carlos Mesquita (2006). Morphophysiological changes 
in coffee leaves (Coffea arabica L.) intercropped with 
rubber trees (Hevea brasiliensis Muell. Arg.). Cienc 
Rural. 36(3): 852-857. 

25. Pinheiro HA, Fábio M Damatta, Agnaldo R M Chaves, 
Marcelo E Loureiro, Carlos Ducatti (2005). Drought 
tolerance is associated with rooting depth and stomatal 
control of water use in clones of Coffea canephora. 
Ann Bot. 96(1): 101-108. 

26. Pinto CM, Francisco José Fernandes Alves Távora, 
Marlos Alves Bezerra, Márcio Cleber de Medeiros 
Corrêa (2008). Growth, distribution of the root system 
in peanuts, sesame and castor beans under water deficit 
cycles. Rev Cienc Agron. 39(3): 429-436. 

27. Ramiro DA, Oliveiro Guerreiro Filho, Rachel Benetti 
Queiroz Voltan, Silvia Chebabi Matthiesen (2004). 
Anatomical characterization of leaves from coffee 
plants resistant and susceptible to leaf miner. Bragantia. 
63(3): 363-367. 

28. Silva LM, Alquini Y, Cavallet VJ (2005). 
Interrelationships between plant anatomy and plant 
production. Acta Bot Bras. 19(1): 183-194. 

29. Tavares PS, Giarolla A, Chou SC, Silva AJP, Lyra AA 
(2018). Climate change impact on the potential yield 
of Arabica coffee in southeast. Brazil Reg Environ 
Change. 18: 873-883. 

https://biblioteca.incaper.es.gov.br/digital/bitstream/123456789/3522/1/chapter-23-quality-classification.pdf
https://biblioteca.incaper.es.gov.br/digital/bitstream/123456789/3522/1/chapter-23-quality-classification.pdf
https://www.scielo.br/j/cr/a/Lg4c6ZF9YbXtQtMqL894vvs/abstract/?lang=pt
https://www.scielo.br/j/cr/a/Lg4c6ZF9YbXtQtMqL894vvs/abstract/?lang=pt
http://www.rbciamb.com.br/index.php/Publicacoes_RBCIAMB/article/view/376
http://www.rbciamb.com.br/index.php/Publicacoes_RBCIAMB/article/view/376
http://www.rbciamb.com.br/index.php/Publicacoes_RBCIAMB/article/view/376
https://scholar.google.com/scholar?cluster=3455996635382319913&hl=en&as_sdt=0,5
https://scholar.google.com/scholar?cluster=3455996635382319913&hl=en&as_sdt=0,5
https://scholar.google.com/scholar?cluster=3455996635382319913&hl=en&as_sdt=0,5
http://ccarevista.ufc.br/seer/index.php/ccarevista/article/view/158
http://ccarevista.ufc.br/seer/index.php/ccarevista/article/view/158
https://www.scielo.br/j/cr/a/6YNYFRvsSHw9QJvYMH3fDCC/?lang=pt
https://www.scielo.br/j/cr/a/6YNYFRvsSHw9QJvYMH3fDCC/?lang=pt
https://www.scielo.br/j/cr/a/6YNYFRvsSHw9QJvYMH3fDCC/?lang=pt
https://academic.oup.com/aob/article/96/1/101/174699
https://academic.oup.com/aob/article/96/1/101/174699
https://academic.oup.com/aob/article/96/1/101/174699
http://ccarevista.ufc.br/seer/index.php/ccarevista/article/view/82
http://ccarevista.ufc.br/seer/index.php/ccarevista/article/view/82
http://ccarevista.ufc.br/seer/index.php/ccarevista/article/view/82
https://www.scielo.br/j/brag/a/s4wT9GQbbPWPnhRZMDGvbqf/?lang=pt
https://www.scielo.br/j/brag/a/s4wT9GQbbPWPnhRZMDGvbqf/?lang=pt
https://www.scielo.br/j/abb/a/jXtV4CmhcSQF43x6DD7Ym9N/abstract/?lang=en
https://www.scielo.br/j/abb/a/jXtV4CmhcSQF43x6DD7Ym9N/abstract/?lang=en
https://link.springer.com/article/10.1007/s10113-017-1236-z
https://link.springer.com/article/10.1007/s10113-017-1236-z

