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ABSTRACT: Nutrient balance determines crop yield and 
quality. The Diagnosis and Recommendation Integrated Sys-
tem-DRIS uses a holistic analysis based on interrelation be-
tween nutrients, compares crop mineral element proportions 
with optimal values ​​known as DRIS norms and identifies im-
balances, deficiencies, and/or excesses in plant nutrients, rank-
ing them in order of importance. There are scientific reviews 
geared towards the development of methodological propos-
als to obtain DRIS norms in various crops and the calculation 
of their respective indices, but they do not elucidate the real 
functionalities of this diagnosis system. Therefore, the objec-
tive of this review was to present the applications and uses of 
DRIS developed during the last 10 years in agriculture world-
wide. Scientific studies have shown that the nutritional status 
of crops can be understood with the nutrient balance in leaf 
tissue and soil, the dynamics of mineral elements according 
to the phenological stage, the Critical Levels and Sufficiency 
Ranges, the soil-plant relationship, the nutritional balance pro-
vided  by  fertilizers and green manure, the spatial variability 
and DRIS, the heavy metal translocation, the nutrition and in-
cidence of phytosanitary problems, the phytotoxicity in plants 
irrigated with wastewater from agricultural irrigation, the Suf-
ficiency Ranges in leaf tissue under saline conditions, the sap 
analysis, and the DRIS norms in seeds.  DRIS is a tool for nu-
tritional diagnosis that is capable of validation in agricultural 
systems worldwide.

RESUMEN: El equilibrio de nutrientes determina el rendimiento y 
calidad de los cultivos. El Sistema Integrado de Diagnóstico y Re-
comendación-DRIS propone un análisis holístico sobre la base de 
la interrelación entre nutrientes, compara las proporciones de los 
elementos minerales de los cultivos con valores óptimos conoci-
dos como normas DRIS e identifica desequilibrios, deficiencias y/o 
excesos en los nutrientes de la planta para clasificarlos por orden 
de importancia. Existen trabajos de revisión científica orientados al 
desarrollo de propuestas metodológicas para obtención de las nor-
mas DRIS en diversos cultivos y el cálculo de sus respectivos índices, 
pero, estos no dilucidan las funcionalidades reales de este sistema 
de diagnóstico; por lo tanto, la siguiente revisión tiene como obje-
tivo, dar a conocer las aplicaciones y utilidades del DRIS en la agri-
cultura a nivel mundial desarrolladas durante los últimos 10 años. 
Considerando lo anteriormente expuesto los estudios científicos 
sugieren: balance de nutrientes en tejido foliar y suelo, dinámica 
de elementos minerales según etapa fenológica, niveles críticos 
y rangos de suficiencia, relación suelo-planta, balance nutricio-
nal por uso de fertilizantes y abonos verdes, variabilidad espacial 
y DRIS, translocación de metales pesados, nutrición e incidencia 
de problemas fitosanitarios, fitotoxicidad en plantas irrigadas con 
aguas residuales de riego agrícola, Rangos de Suficiencia en tejido 
foliar bajo condiciones salinas, análisis de savia y normas DRIS en 
semillas. El DRIS es una herramienta para el diagnóstico nutricional, 
susceptible de validación en los sistemas agrícolas a nivel mundial.  

KEYWORDS: Dris, Nutritional Diagnosis, Mineral Nutrition, 
Nutritional Dynamics, Crop Nutrition.
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I. Introduction
The nutritional diagnosis of crops is done with the results of chemical fertil-
ity analysis of soils, using the nutritional requirements of the studied species 
(Chacón-Pardo et al., 2013a; González, 2017; Herrera, 2015) and frequently 
the interpretation of nutrient concentrations in leaf tissue with widely used 
methods such as Critical Levels and Sufficiency Ranges (Bangroo et al., 2010; 
Savita et al., 2016). These methods are based on the individual comparison of 
the nutrient concentration in the sample with an accepted value of normality 
for a certain phenological stage without taking into account the relationships 
between nutrients and their possible imbalances (Kania & Callejas, 2011).

Because of the limitations caused by traditional interpretation methods, the 
Diagnosis and Recommendation Integrated System (DRIS) was proposed, 
which is a set of norms used to evaluate the nutritional status of a crop, 
using the composition of plant tissues, the chemical fertility of the soil, the 
climatic conditions, and the integrated management practices of such crop 
as the reference (González, 2017; López-Montoya et al., 2018).

DRIS, which is the acronym for “Diagnosis and Recommendation Integrated 
System”, was proposed by Beaufils (1973), based on studies on physiology 
and plant nutrition, initially in rubber trees cultivated in Vietnam and then in 
maize and sugarcane in South Africa. In 1975, Sumner introduced DRIS to the 
United States (González, 2017). Since then, diagnosis norms have been deter-
mined for several extensive, forage, fruit, and vegetable crops and for timber 
species (Bangroo et al., 2010; Kania & Callejas, 2011; Savita et al., 2016).

The dynamic processes of leaf composition require a holistic diagnostic eval-
uation beyond the comparison of analytical results of each nutrient, com-
parison to the critical value or existing sufficiency ranges for each particular 
species (Kania & Callejas, 2011).  DRIS uses the results of leaf analysis or 
chemical fertility of the soil to identify the most limiting nutrient in the devel-
opment of a crop. The evaluation is done   by comparing the relative balance 
of the content of a nutrient against the DRIS nutritional diagnosis norms 
established for the species (Savita et al., 2016). According to Walworth and 
Sumner (1987), the theoretical bases of this system are founded on the fact 
that the relationship between nutrients is a better indicator of the nutritional 
status of the plant than the isolated values.

Maximum productions are achieved when the relationships between these 
nutrients are close to an optimal value obtained from the selection of a popu-
lation with high yields (reference population). DRIS indices can be calculated 
for the identification of deficiencies, excesses, or ideal values ​​of nutrients in 
a crop. Furthermore, DRIS indices establish the Nutritional Balance Index that 
represents the global balance of the nutrients involved in the nutrition of the 
plant (Bangroo et al., 2010; Chacón et al., 2013b).
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In the last ten years, three scientific reviews have been published by Bangroo 
et al. (2010), Kania & Callejas (2011), and Savita et al. (2016) on the develop-
ment of methodological proposals to obtain DRIS norms in various crops of 
agronomic interest and the calculation of their respective nutritional indices, 
but they do not elucidate the real functionalities that this diagnosis method 
in agriculture. This review aimed to present the applications and uses of the 
Diagnosis and Recommendation Integrated System developed during the last 
10 years in agriculture worldwide through the systematic review of data-
bases such as Redalyc, Scielo, ScienceDirect, Scopus, Springer Nature, Taylor 
& Francis, and Web of Science.

II. Establishment of DRIS norms
To make use of this method for nutritional diagnosis in a crop, it is neces-
sary to establish DRIS norms or standards that can be obtained for the plant 
tissue and/or physical and chemical properties of the soil. The best norms 
are  generated from a large database for a specific genotype within a particu-
lar agro-ecological zone, where variables of relief, climate, integrated crop 
management practices, crop yield, concentration of nutrients in the plant, 
and chemical and physical variables of the soil are related to the soil-plant-
environment relationship (Behera et al., 2016; Chacón et al., 2013a; Franco-
Hermida et al., 2017, 2020; González, 2017; Herrera, 2015; Landriscini et al., 
1997; Pereira & Justino, 2021).

Local calibration of DRIS norms offers greater precision in the diagnosis of 
deficiencies or imbalances in a crop, using those produced for other regions 
and providing reliability, rigor, and accuracy (Franco-Hermida et al., 2017, 
2020; Landriscini & Galantini, 2018).

In the absence of local norms, those developed under other edaphoclimatic 
conditions can be used as long as the nutrient concentrations in the high-
yielding population used to generate the norms are similar to the nutrient 
concentrations of the high-yielding population under study (reference popu-
lation) (Kania & Callejas, 2011). That is, local regulations must have strong 
statistical support to be applied in environments other than where they were 
generated (Landriscini & Galantini, 2016, 2018).

III. Calculation of DRIS indices
Once the DRIS norms for a crop are known, along with reference average val-
ues of the concentrations of the nutrient pairs in the high-yielding population 
(Kania & Callejas, 2011), the DRIS indices (DRIS-I) are found to identify pos-
sible nutritional imbalances and to define the order of nutrient requirements 
at the foliar or edaphic level (Franco-Hermida et al., 2017).
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The indices are established when determining the calculation of the func-
tions, which in turn, consider the relationships between nutrients analyzed 
in the sample (tissue and/or soil) and the functions of the DRIS indices (Her-
rera, 2015; López-Montoya et al., 2018). After the calculation of the function 
of each relationship, the DRIS-IN of the nutrients in the study are obtained 
(Kania & Callejas, 2011; Giner, 2015).

Subsequently, the Nutritional Balance Index (NBI) is calculated, which is an 
index of production related to crop yield, which determines the general bal-
ance of nutrients involved in plant nutrition (Chacón-Pardo et al., 2013a). 
Likewise, the Nutritional Balance Index (mNBI) is calculated, which qualifies 
the degree of sufficiency of each nutrient (Herrera, 2015; López-Montoya et 
al., 2018).

IV. Application and uses of DRIS in agriculture
The DRIS system has had a dynamic advance worldwide during the last 10 
years, which has made it possible to address plant nutritional diagnosis 
holistically. This system is becoming a key tool for the integrated manage-
ment of production systems, expanding its use in agriculture. The studies 
below suggest the importance of these studies being done at the local and/
or regional level on a specific genetic material or cultivar to achieve reliable 
results capable of validation (Table I).

TABLE I. Application and use of DRIS systems in agriculture worldwide during the last 10 years.

Crops Country-Region Author Use

Maize (Zea mays)
var. DMR-ESRW1 África-Benin Dagbenonbakin et al., 2013 DRIS norms-

Leaf tissue

Yam (Dioscorea rotundata) África-Benin Dagbenonbakin et al., 2012 DRIS norms-
Leaf tissue

Wheat (Triticum aestivum)
Argentina
(Semi-arid 
Pampas)

Landriscini & Galantini, 2018 DRIS norms-
Leaf tissue

Wheat (Panicum maximum)
2 genotypes (Tanzania and Massai) Brazil Silveira et al., 2020 Biochemical and physiological 

events induced by Cadmium.

Common bean (Phaseolus vulgaris):  
cv. Pérola of the Carioca group Brazil-Goiás Partelli et al., 2014 DRIS norms-

Leaf tissue

Atemoya (Annona spp.)
cv.Thompson Brazil-São Paulo Haitzmann & Rozane, 2017 DRIS norms-

Leaf tissue

Conilon coffee (Coffea canephora) Brazil-Bahía Partelli et al., 2018 DRIS norms-Leaf tissue-  
pre-flowering and grain filling

Banana (Musa spp.)
subgroup Prata and Pacovan Brazil-Ceará Pereira et al., 2015 DRIS norms-

Leaf tissue

Banana (Musa spp.): Prata-Anã (AAB) 
and Grande Naine (AAA)

Brazil-Ceará, 
Bahía Rodrigues-Filho et al., 2021 DRIS norms-

Leaf tissue
Continued
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TABLE I CONTINUATION. Application and use of DRIS systems in agriculture worldwide during the last 10 years.

Crops Country-Region Author Use

Conilon coffee (Coffea canephora): 
genotype Bamburral

Brazil-Espírito 
Santo Da Silva et al., 2020

DRIS + *GIS = Nutrition and 
incidence of leaf rust and berry 
borer

Peroba amarela (Paratecoma peroba). 
Brazilian timber specie

Brazil-Espírito 
Santo França et al., 2020 DRIS norms-Leaf tissue. Nursery 

phase

Cacao (Theobroma cacao L.) clones 
CCN51 and PS1319

Brazil-Espírito 
Santo and Bahía. Oliveira et al., 2019 DRIS norms-

Leaf tissue and soil

Common bean (Phaseolus vulgaris): 
var. Perola Brazil-Goiás Partelli et al.,2019

Partelli et al., 2014
DRIS norms and Sufficiency Ranges 
in leaf tissue and soil

Cactus pear
(Opuntia fícus-indica L.) Brazil-Guanambi Batista et al., 2019 DRIS norms-

Leaf tissue

Cotton (Gossypium hirsutum)
6 varieties

Brazil-Mato 
Grosso do Sul Pereira et al., 2013 DRIS norms-

Leaf tissue

Soybean (Glycine max L. Merr.) Brazil-Minas 
Gerais Dos Santos et al., 2019 DRIS norms-Leaf tissue-Zero tillage

Garlic (Allium sativum L.)
var. Ito

Brazil-Minas 
Gerais Pereira et al., 2016 DRIS norms-

Leaf tissue

Banana (Musa spp.)
cv. Prata-Anã

Brazil-Minas 
Gerais Alves & Vilela, 2013 Nutrition Vs Fusarium oxysporum 

incidence

Potato (Solanum tuberosum) cv. 
Asterix

Brazil-Minas 
Gerais Araújo et al., 2019 DRIS norms-

Leaf tissue

Carrot (Daucus carota L.)
9 cultivars

Brazil-Minas 
Gerais Reis et al., 2017  DRIS norms and Sufficiency Ranges

Hybrid coconut tree
(Cocus nucifera L.) Brazil-Pará Medeiros et al., 2015 DRIS norms-Leaf tissue-adult plants

Oil palm
(Elaeis oleifera × E. guineensis) Brazil-Pará Bastos et al., 2017 DRIS norms -

Leaf tissue

Soybean (Glycine max. L.)
6 cultivars Brazil-Paraná Fávero et al., 2020 DRIS norms in seeds as diagnosis 

tissue

Carrot (Daucus carota L.)
8 varieties Brazil-Paranaíba Dezordi et al., 2016 DRIS norms-

Leaf tissue

Sugarcane (Saccharum officinarum L.). 
6 varieties Brazil-São Paulo Pereira & Justino, 2021 DRIS-Leaf tissue

 Orange
(Citrus sinensis L. Osbeck) var. Pera Brazil-São Paulo Alves et al., 2014 Crop leaf nutritional balance using 

green manures

Guava (Psidium guajava) cv. Paluma Brazil-São Paulo Souza et al., 2015 DRIS norms and Sufficiency Ranges 
on seedling leaf tissue

Sugarcane (Saccharum officinarum L.). 
4 varieties Brazil-Alagoas Da Silva et al., 2018

Da Silva et al., 2021

DRIS norms -
Leaf tissue and optimal ranges of 
leaf nutrients

Orange
(Citrus sinensis L. Osbeck) var. Pera Brazil-Manaus Machado et al., 2013 DRIS norms - Nutrient optimal 

ranges in adult trees

Açaí palm
(Euterpe oleracea Mart.) Brazil-Pará Oliveira et al., 2020

DRIS + GIS =
Nutritional balance Vs yield of adult 
plants

Sugar maple (Tilia americana L. and 
Betula alleghaniensis B.) Canada-Quebec Arseneau et al.,2021 Nutritional balance of leaf tissue by 

using ashes
Continued
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TABLE I CONTINUATION. Application and use of DRIS systems in agriculture worldwide during the last 10 years.

Crops Country-Region Author Use

Apple (Malus domestica) var. Fuji China-Bohai, 
Loess Shunfeng et al., 2018. DRIS norms-Leaf tissue in 15 to 

20-to year-old trees

Satsuma mandarin
(Citrus unshiu Marc.) China-Hubei Huang et al., 2012 Iron leaf deficiency identification in 

16 to 25-to year-old trees 

Kale (Brassica oleracea L.) var. 
acephala DC China-Xiamen Hu et al., 2016

DRIS norms and phytotoxicity 
in plant tissue that was irrigated 
with wastewater from agricultural 
irrigation.

Rubber tree (Hevea Brazilensis)
clone FX 3864 and clone RRIM 600

Colombia-High-
plains

Chacón-Pardo et al., 2013a
Chacón-Pardo et al., 2013b

DRIS norms-
Leaf tissue and soil

Hartón and D. Hartón plantain
(Musa AAB Simmonds)

Colombia-
Antioquia. González, 2017 DRIS norms-

Leaf tissue

Pineapple (Ananas comosus)
var. Golden MD-2 Colombia-Cauca López-Montoya et al., 2018 DRIS norms-

Leaf tissue

Greenhouse rose (Rosa × spp. L). 
Several cultivars

Colombia-
Cundinamarca

Franco-Hermida et al., 2013
Franco-Hermida et al., 2017
Franco-Hermida et al., 2020

DRIS norms Leaf tissue and soil. 
Soil-plant-environment nutrient 
ratio 

Oil palm (Elaeis guineensis Jacq.) –
hybrid IRHO evaluating fresh fruit

Colombia-
Central 
Region (Cesar, 
Santander)

Herrera, 2015
DRIS norms-Leaf tissue and soil + 
GIS = Critical Levels and Sufficiency 
Ranges

Banana (Musa spp.)
cv. Vallery and Williams Ecuador-El Oro Villaseñor et al., 2020 DRIS norms-

Leaf tissue

Arroz (Oryza sativa L.)
var. INIAP 15 Ecuador-Guayas Coloma, 2017 DRIS-Leaf tissue

Ornamental plants
(A. vera, K. blossfeldiana, L. multifidi, 
and R. officinalis)

Spain-Almería García-Caparrós et al., 2019 DRIS norms and Sufficiency Ranges 
in leaf tissue under saline condition

Vine (Vitis vinifera L.).cv. Tempranillo-
patrón Richter-110

Spain-AOC La 
Rioja Martín et al., 2013 DRIS norms for leaf blade and 

petiole.

Vine (Vitis vinifera L.)
6 varieties combined with 4 
rootstocks

Spain-Valencia Giner, 2015 DRIS norms-
Leaf tissue

Wheat (Triticum aestivum L.) Ethiopia-Addis 
Ababa Girma & Beyene, 2018. DRIS norms-

Leaf tissue

Oil palm
(Elaeis Guineensis Jacq.) India-Goa Behera et al., 2016 DRIS norms and Sufficiency Ranges 

in leaf tissue

Mango (Mangifera indica L.) India-Jharkhand Naik & Bhatt, 2017
DRIS norms and Sufficiency Ranges 
in leaf tissue on 7 to 9-year-old 
trees

Pomegranate (Punica granatum L.)
60 accessions

India-
Maharashtra Maity et al., 2016 DRIS norms-Nutrition Vs 

Xanthomonas axonopodis tolerance

Pomegranate (Punica granatum L.) cv. 
Bhagwa

India-
Maharashtra Gosavi et al., 2017

DRIS norms-
Leaf tissue in pre-flowering and 
filling

Banana (Musa spp.)
cv. Robusta India-South Raghupathi & Srinivas, 2014 DRIS norms-

Leaf tissue and soil
Continued
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According to the consolidated results of 63 studies (Table I), eight uses for 
DRIS with a wide application in agriculture were elucidated, along with five 
important less-impactful uses given their current apex, detailed as follows:

A. Nutrient balance in leaf tissue
After the establishment of DRIS norms, DRIS-I, NBI, and mNBI indices are 
applied to identify deficiencies, excesses, or nutritional balance of macronu-
trients (N, P, K, Ca, Mg, S) and micronutrients (Fe, Mn, Zn, Cu, Mo, B) in leaf 
tissue. The results of these studies have been applied mainly in Brazil, in 
crops of wide commercial interest such as cotton, banana, soybean, potato, 
cacao, and sugarcane (Araújo et al., 2019; Dos Santos et al., 2019; Oliveira 
et al., 2019; Pereira et al., 2013; Pereira & Justino, 2021; Rodrigues-Filho et 
al., 2021), and in other agricultural species, including beans, garlic, carrots, 
atemoya, and cactus pear (Table I).

In Colombia, DRIS studies have been carried out on rubber trees, banana, 
and roses (Chacón-Pardo et al., 2013a; Franco-Hermida et al., 2017; González, 
2017), along with studies in Africa on maize (Dagbenonbakin et al., 2013), in 
India on banana (Raghupathi & Srinivas, 2014), and in Argentina on wheat 
(Landriscini & Galantini, 2018).

TABLE I CONTINUATION. Application and use of DRIS systems in agriculture worldwide during the last 10 years.

Crops Country-Region Author Use

Aonla (Emblica officinalis Gaertn) fruit 
tree

India-Uttar 
Pradesh Nayak et al., 2011 DRIS norms and Sufficiency Ranges 

in leaf tissue of adult trees

Oriental beech, native timber specie
(Fagus orientalis Lipsky) Irán-Mazandaran Alimohamadi et al., 2017 DRIS norms- for leaf nutrient 

balance in natural forests.

Teak (Tectona grandis Lin. F) Indonesia-Ngawi Chanan et al., 2019 DRIS norms-Leaf tissue for 17-year-
old trees

Fruit tree: Apple, peach, persimmon, 
fig, vine, mandarine Japón-Kioto Freire et al., 2019

DRIS in leaf tissue for dynamics 
of nutrients according to the 
phenological stage.

Melon (Cucumis melo L.) hybrid 
Cruiser F1 México-Coahuila Gómez, 2018

DRIS norms- Tissue nutrient balance 
comparing chemical and organic 
nutrient solutions

Maíze (Zea mays)
Hybrid of forage maize RX717 México-Durango Carrillo, 2019 DRIS norms-

Leaf tissue

Red cedar (Cedrela odorata L.) México-Puebla Parra et al., 2020 DRIS norms-Leaf tissue in trees with 
15 to 19 cm of diameter

Tomato (Solanum lycopersicum): 2 
cultivars

México-
Querétaro

Ávila-Juárez & Rodríguez-Ruiz, 
2020

Petiole Sap Analysis (PSA) Vs leaf 
analysis with DRIS

*GIS: Geographic Information System

Source: Own elaboration 
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B. Dynamics of mineral elements according to the phenological stage
The accumulation and absorption of nutrients is a continuous process dur-
ing the growth of plants, mediated by metabolism, phenological stage, and 
response to environmental factors. The DRIS method elucidates the dynamics 
of macro and micronutrients in plants for a determined phenological period. 
Also, it identifies the order of requirement, excess, deficiency, and nutritional 
balance. The fertilizer application rate, depending on the nutrient demand 
for each of the growth stages, can maximize yield and increase the efficient 
use of fertilizers.

DRIS usefulness has been evidenced in studies on timber species, such as 
Peroba amarela in the nursery phase in Brazil (França et al., 2020), in the 
development for Red Cedar in Mexico (Parra et al., 2020), and in adult teak 
trees in Indonesia (Chanan et al., 2019). 

In perennial and short-cycle fruit trees in Brazil, research in the nursery, 
development, flowering, and fruit filling phases has been documented for 
crops such as coconut, oil palm, Conilon coffee, and carrot (Bastos et al., 
2017; Medeiros et al., 2015; Partelli et al., 2018; Reis et al., 2017), along with 
studies in India on pomegranate (Gosavi et al., 2017), on apple in China (Shun-
feng et al., 2018), on pineapple in Colombia (López-Montoya et al., 2018), and 
on apple, peach, persimmon, fig, vine, and mandarin in Japan (Freire et al., 
2019). Research has also been found for roots and tubers, including yam in 
Africa (Dagbenonbakin et al., 2012) and in flowers, mainly roses, in green-
houses in Colombia (Franco-Hermida et al., 2013).

C. Critical Levels and Sufficiency Ranges
DRIS proposes five groups for the Sufficiency Ranges in leaf tissue and/
or soil (deficiency, tendency to deficiency, sufficient, tendency to excess, 
and excess), and an optimal level for Critical Concentration. Both the Suffi-
ciency Ranges and the Critical Concentration are a reliable tool for nutrition 
diagnosis, enabling the development of programs with economic feasibility 
and environmental sustainability.  DRIS indices establish the probability of 
response to the application of nutrients (Herrera, 2015).

In recent years, this method has been used to update and validate the Criti-
cal Levels and Sufficiency Ranges of soils planted with oil palm in Colombia 
(Herrera, 2015) and beans in Brazil (Partelli et al., 2019). The greatest use is 
at the level of leaf tissue for oil palm in Colombia (Herrera, 2015), carrot (Reis 
et al., 2017), orange var Pear (Machado et al., 2013), irrigated beans (Partelli 
et al., 2014), guava (Souza et al., 2015), and sugarcane (Da Silva et al., 2021) 
in Brazil, and aonla (Nayak et al., 2011), oil palm (Behera et al., 2016), and 
mango in India (Naik & Bhatt, 2017).
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D. Soil-plant-environment relationship
Once DRIS norms have been defined for both soil and plant tissue, DRIS indi-
ces are determined to correlate the balance of nutrients in leaf tissue with the 
mineral elements present in the soil and their interaction with the relief and 
climatic factors, such as light, temperature, relative humidity, and rainfall, 
among others, to explain the nutritional response of plants from a holistic 
perspective. 

Foliar analyses determine the more limiting nutrients for high yield, and soil 
analyses enable the correction of formulations in fertigation or edaphic appli-
cations. Said analyses are a powerful tool for integrated nutritional diagnosis 
(Gonzáles, 2017; Franco-Hermida et al., 2017). DRIS has been used success-
fully in Colombia for rubber trees (Chacón-Pardo et al., 2013a, Chacón-Pardo 
et al., 2013b), and roses in greenhouses (Franco-Hermida et al., 2017), cacao 
in Brazil (Oliveira et al., 2019), and banana in India (Raghupathi & Srinivas, 
2014).

E. Nutritional balance from the use of fertilizers and green manure
The DRIS system uses the nutritional balance index (NBI) to elucidate the 
concentration and dynamics of nutrients in plant tissue thanks to the contri-
bution of mineral elements through fertilization or the availability of these 
in the soil, as a result of the association of different crops with species of 
green manure. Studies on the use of nutritive solutions (chemical and organic 
synthesis) for hydroponic melons in Mexico (Gómez, 2018) and green manure 
in orange var. Pera in Brazil (Alves et al., 2014) and the nutrients available 
through the use of ash on sugar maple in Canada are documented (Arseneau 
et al., 2021).

F. Spatial variability and DRIS
Geographic Information Systems (GIS) analyze the spatial variability of the 
physical and chemical properties of the soil (Herrera, 2015) and the dynam-
ics of biotic factors such as incidence of diseases or damage from pests in 
productive systems. 

The combination of GIS with DRIS provides a better understanding of the 
interrelation of nutritional and non-nutritional variables on crop yield. In 
Brazil, these tools have identified the relationship of the incidence of rust 
(Hemileia vastatrix) and CBB (Hypothenemus hampei) with the NBI in terms of 
yield for Conilon coffee (Da Silva et al., 2020), along with the zoning of areas 
with a nutritional imbalance and low yield in adult Açaí palm plants (Oliveira 
et al., 2020). Meanwhile, in Colombia, the spatial distribution of NBI in the 
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soil and leaf tissue of plants has led to the validation of Critical Levels and 
Sufficiency Ranges in oil palm (Herrera, 2015).

G. Dynamics of heavy metals
In DRIS, the NBI shows the dynamics of heavy metals from the root to the 
leaves of plants (biochemical and physiological events), and the identification 
of deficiencies or excesses of micronutrients, which are not easy to analyze 
with conventional diagnosis methods. In Brazil, the translocation of cadmium 
to the shoots has been studied in wheat, finding that the concentrations of 
this metal increase those of Fe and Mn in plants (Silveira et al., 2020). Simi-
larly, Fe deficiencies have been identified in adult Satsuma mandarin trees in 
China (Huang et al., 2012), and the correction of excess Fe and deficiencies 
in Zn, Cu, and Mn in roses grown under greenhouse in Colombia (Franco-
Hermida et al., 2020) has been shown.

H. Nutrition and disease incidence
Studies are based on the calculation of the NBI in plants to define the nutri-
tional balance and correlate it with the incidence of diseases caused by fungi 
and bacteria. Alves and Vilela (2013) reported that banana plants in Brazil 
with a good potassium balance have a lower incidence of Fusarium oxyspo-
rum f. sp. cubense, the highest performance, and the best economic feasi-
bility. Likewise, Maity et al. (2016) reported tolerance and susceptibility to 
Xanthomonas axonopodis in pomegranate plants in India according to their 
nutrition level.

I. Other applications in agriculture
These uses for the DRIS system mean it is important to know the existence 
of other applications with less use in agronomy, which have been studied in 
different crops in recent years in some countries. 

In Spain, for example, it has been reported that the development of DRIS 
norms for nutritional diagnosis in leaf limb and petiole in vines (Martín et 
al., 2013), and Sufficiency Ranges have been determined for leaf tissue under 
saline conditions in ornamental crops (García- Caparrós et al., 2019). Addi-
tionally, DRIS norms and evaluation of phytotoxicity in plants irrigated with 
agricultural irrigation wastewater in kale in China (Hu et al., 2016), Petiole 
Sap Analysis (PSA) Vs DRIS leaf analysis in tomato in Mexico (Ávila-Juárez & 
Rodríguez-Ruiz, 2020), and DRIS norms in seeds used as diagnostic tissue 
of the nutritional status for soybean in Brazil (Fávero et al., 2020) have also 
been found.
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V. Advantages and disadvantages of DRIS
In general, this system has some advantages compared to other diagnostic 
methods. It has a continuous scale, is easy to interpret, and ranks nutrients 
in order of importance required by the plant (from the most deficient to the 
one with the greatest excess). 

DRIS also takes into account the interaction and balance of mineral elements 
both in the soil and in the plant, can perform diagnosis at any stage of 
crop development because it is less sensitive to tissue aging, and eliminates 
problems associated with determining critical concentrations. Furthermore, 
DRIS has good potential for assessing nutrient levels under local conditions, 
incorporates the dry biomass of crops into the diagnosis, and eliminates limi-
tations imposed by environmental factors (González, 2017; Herrera, 2015; 
Kania & Callejas, 2011; Landriscini & Galantini, 2018).

Among the evident disadvantages, DRIS requires norms, which are still 
scarce for various crops of agronomic interest. It also needs large volumes 
of information (which may be lacking in quality) to obtain DRIS norms. The 
data used for norms must come from units with similar agronomic manage-
ment and have a yield record. Because the reliability of the generated models 
depends on this and automation is needed to improve adoption, DRIS is a 
complex method to develop (González, 2017; Herrera, 2015; Kania & Callejas, 
2011).

VI. Conclusions
DRIS is a valid tool for nutritional diagnosis and requires norms for imple-
mentation. Consequently, a large database is needed at the local and/or 
regional level on a particular genetic material, considering climatic and relief 
factors, plant tissue analysis, physical and chemical properties of the soil, 
and agronomic management and yield to achieve reliable results that can be 
validated.

DRIS approaches the nutritional diagnosis of crops holistically through the 
relationship of the nutrient balance of plants and soil, with dynamics accord-
ing to the phenological stage, identification of Critical Levels, Sufficiency 
Ranges, and correlation of the nutritional status with phytosanitary problems.

This system has elucidated complex processes to be interpreted with conven-
tional diagnostic methods such as the dynamics of heavy metals in plants, 
phytotoxicity in plant tissue irrigated with wastewater from agricultural irri-
gation, Sufficiency Ranges in leaf tissue under saline conditions, analysis of 
sap, and evaluation of the nutritional status from seeds used as diagnostic 
tissue.
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Currently, the modified DRIS (M-DRIS) takes into account the dry biomass of 
crops, as an additional constituent for the calculation of indices, which have 
been used in species such as alfalfa and artichoke.
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