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JUSTIFICATIVA: Brazil is one of the largest fruit producer and exporter worldwide. 

However, productivity is below expectations. Fertilization may contribute up to 50% to 

productivity gains. There is a dearth of information on nutrient requirements of fruit species 

and cultivars in Brazil. The wise use of nutrients requires sound protocols to diagnose soil 

and plant nutrient status at local scale. Soil testing is the most common procedure to assess 

the nutrient status of agroecosystems. Tissue testing has the advantage over soil testing as 

diagnostic tool for deep rooted plants such as fruit crops that access nutrients deeper than 

would be found through normal soil analytical procedures. Tissue composition integrates 

several factors such as plant genetics and developmental stage, the environment (climate and 

soil) and nutrient management. For given nutrient regimes and climatic conditions as 

regulated by irrigation, genetics interacts primarily with soil properties. Hence, the leaf tissue 

diagnosed at a specific developmental stage can reveal important aspects of soil fertility, 

more so in irrigated where water is not limiting than in rainfed agriculture.  

Several interpretation methods have been elaborated to diagnose soil and plant nutrient 

status. Recent Brazilian research showed that nutrient interactions can be handled properly to 

reach high diagnostic accuracy. Nutrient standards have been developed and published, then 

programmed on a website to assist identifying nutrient problems in several horticultural 

crops. Citizen science and experimental research can build large data sets amenable to 

efficient local diagnoses and recommendations. In this course, participants will learn how to 

develop nutrient standards using tools of compositional data analysis and machine learning. 

 

OBJETIVOS: The objectives of this course are: 



• To capture the evolution of tissue and soil testing concepts and interpretation methods. 

• To organize soil and tissue data sets to facilitate their modelling. 

• To elaborate balance designs using CoDapack 2.01, and conduct Compositional Nutrient 

Diagnosis (CND) standards and CND diagnosis using Excel. 

• To predict crop performance using machine learning methods in Orange 3.23. 

• To recover nutrient balance at local scale using neighbouring “enchanted” islets. 

 

6. EMENTA: At the end of the course, the participant will be able to: 

• Reconstitute the history of soil and tissue testing and interpretation methods.  

• Calibrate CND standards and conduct CND diagnosis using ellipsoids. 

• Collect nutrient data in an organized way. 

• Predict crop performance at local scale using machine learning methods. 

• Diagnose local nutritional problems and find solutions in the neighbourhood. 

 

7. PROGRAMA DA DISCIPLINA/ATIVIDADE/MÓDULO:  
General information 

Sixteen nutrients are essential to plants (C, H, O, N, S, P, K, Ca, Mg, B, Cl, Zn, Mn, Fe, Cu, 

Mo) and five others are considered beneficial (Ni, Si, Na, Co, Se). We will first review 

agronomic “laws” of the minimum, the optimum and diminishing returns describing crop 

response to essential nutrients; nutrient transfer processes; expressions for nutrients 

interactions; selection of diagnostic tissues; the main procedures used to quantify and 

calibrate soil and crop nutrient status. We will review the log-normal, logistic and Dirichlet 

distributions and the early DRIS concept, and introduce log ratio transformations as alr, clr, 

and ilr. Thereafter, we will introduce new interpretation methods based on compositional 

data analysis, matrix calculations and data partitioning techniques, as well as machine 

learning methods to predict crop performance using well-organized and documented data 

sets. Finally, we will apply compositional data analysis and machine learning methods to soil 

and tissue data to rebalance the soil-plant system locally. 

Pedagogical approach 

Slide presentations, references and readings, in-class and take-home exercises 

Materials 

Slides, data sets, references and more than 15 solved exercises, Orange 3.23 data mining 

videos with subtitles in portuguese 

(https://www.youtube.com/channel/UClKKWBe2SCAEyv7ZNGhIe4g) 

Softwares 

Excel, Orange 3.23 freeware (machine learning), CodaPack 2.02.21 freeware (alr-, clr- and 

ilr-transformations, biplot analysis), Jamovi freeware (principal component analysis). 

 

8. FORMA DE AVALIAÇÃO E FREQUÊNCIA:  
One-week course (indoor class). 

https://www.youtube.com/channel/UClKKWBe2SCAEyv7ZNGhIe4g


Personal work (homework). 

Attendance to the course is mandatory.  

Evaluation: exercises, readings, elaboration of a project; report as a scientific article; 

presentations in class. 
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