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Abstract: Nutritional standards based on long-term data improve the nutritional 

diagnosis of the crop, as they make norms more precise and establish more refined 

criteria. This study aimed to evaluate the nutritional status of the mango crop using 

the DRIS methodology to identify nutritional limitations and validate norms. A da-

tabase of 202 commercial plots was used, whose leaves were collected in the floral 

induction period between 2011 and 2018 in the Brazilian semiarid region. The 

productivity of 'Keitt' mango under the Brazilian semiarid conditions was not related 

to NBI-DRIS. Nutrient concentration presents positive and significant relationship 

with the respective DRIS indices, enabling the determination of the balance point, 

establishing a nutritional standard and enabling the use of foliar diagnosis for the 

variety. The order of nutrients with the highest frequency of limitations due to lack, 

in decreasing order, was: Zn > Al > Na > Cu > S > B > Mn > P = K > Fe > Ca > N > 

Mg, and limitation due to excess, in decreasing order was: Fe > Na > Mg > Al > Cu 

> B = N > S > Ca > P = K > Zn > Mn. 

Index terms: Nutritional diagnosis, Floral induction, Mangifera indica. 
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Normas DRIS para manga ‘Keitt’ no 
Semiárido brasileiro: Diagnose e validação 

Resumo: Padrões nutricionais com base em dados de longo prazo melhoram o diagnóstico 

nutricional da cultura, pois tornam as normas mais precisas e estabelecem critérios mais 

refinados. Objetivou-se avaliar o estado nutricional da cultura da manga utilizando a meto-

dologia DRIS para identificar as limitações nutricionais e para validar as normas. Foi utilizado 

banco de dados de 202 talhões comerciais, cujas folhas foram coletadas no período de in-

dução floral, entre 2011 e 2018, no Semiárido brasileiro. A produtividade da manga ‘Keitt’, 

nas condições do Semiárido brasileiro, não foi relacionada com o IBN do DRIS. A concentra-

ção dos nutrientes apresenta relação positiva e significativa com os respectivos índices DRIS, 

possibilitando a determinação do ponto de equilíbrio, estabelecendo um padrão nutricional 

e viabilizando a utilização da diagnose foliar para a variedade. A ordem de nutrientes com 

maior frequência de limitações por falta, em ordem decrescente, foi: Zn > Al > Na > Cu > S 

> B > Mn > P = K > Fe > Ca > N > Mg, e limitantes por excesso, em ordem decrescente, foi: 

Fe > Na > Mg > Al > Cu > B = N > S > Ca > P = K > Zn > Mn. 

Termos para indexação: Diagnose Nutricional, Indução floral, Mangifera indica. 
 

 

Introduction 

Productivity variability in perennial crops is 

mainly affected by plant management and 

soil fertility conditions. It is necessary to de-

termine the levels of nutrients by diagnostic 

methods in nutritional composition studies. 

Establishing standard reference values for 

the nutritional status of a crop requires stud-

ies that involve variation in soil and climate 

conditions, so they can be constantly reas-

sessed, generating new information that can 

be added to the existing data set (PARENT, 

2011). Thus, assessing the nutritional status 

of fruit trees requires better reference stand-

ards to be reliable (ROZANE; PRADO, 2020). 

Among methods cited in literature, critical 

level (CL) (ULRICH, 1952), sufficiency range 

(SR), which uses univariate relationships 

(DOW; ROBERTS, 1982), diagnosis and rec-

ommendation integrated system (DRIS), 

which uses bivariate relationships (BEAUFILS, 

1973) and compositional nutrient diagnosis 

(CND), which uses multivariate relationships 

(PARENT; DAFIR, 1992) are widely discussed 

and applied in different crops. 

In mango, Rozane et al. (2007) emphasize 

that leaf chemical analysis helps in nutri-

tional knowledge and evaluates the result of 

fertilization based on soil chemical analysis. 

Wadt and Silva (2020) evaluated the nutri-

tional status of Tommy mangoes using the 

CND method and reported that it enabled a 

more efficient fertilization management in 

commercial orchards. 

For this reason, it is necessary to establish nu-

tritional references in specific crops and vari-

eties using tools and methods that compare 

the results of the foliar contents of samples 

with adequate nutritional standards obtained 

in the high-yield population of the crop to be 

analyzed (FRANCO-HERMIDA et al, 2020). 

Thus, with data from the leaf analysis of 

'Keitt' mango from commercial plots, the aim 

was to evaluate the nutritional status of the 

crop using the DRIS methodology to identify 

nutritional limitations and validate norms. 
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Material and Methods 

A database of 202 plots was used, whose leaf 

samples were collected in the floral induc-

tion period between 2011 and 2018 from 

commercial areas in the Brazilian semiarid 

region, state of Pernambuco. The 'Keitt' 

mango variety was selected, and leaf sam-

ples were collected during the floral induc-

tion period. The establishment of the DRIS 

norms involved the total leaf nutrient con-

tents in g.kg-1 for N, P, K, Ca, Mg and S, and 

in mg.kg-1 for B, Cu, Fe, Mn, Zn, Na and Al 

and crop yield (Mg.ha-1). 

For the division of the database in reference 

population or high yield and low yield, Serra 

et al. (2013) reported that there are several 

criteria, and in the present study, the yield 

criterion superior to the average value ob-

tained was established. In order to minimize 

the flattening effect of data, providing the 

kurtosis effect, the functions of nutrient ra-

tios were calculated through the logarithm 

transformation, proposed by Beverly (1987). 

The methodology applied to calculate the 

DRIS indices was the one proposed by Beau-

fils (1973), which uses all ratios (N/P and 

P/N): 

𝐼𝑌 =  
∑ 𝑓  [

𝐴

𝐵
]  −  ∑ 𝑓  [

𝐴

𝐵
]

𝑛
 

Where Y is the nutrient and n is the number 

of DRIS functions analyzed. To calculate the 

nutrient balance index - NBI, the sum in 

modulus of the indices of each nutrient was 

used: 

𝑁𝐵𝐼 =  |𝐼𝑁| + |𝐼𝑃| + |𝐼𝐾| + |𝐼𝐶𝑎| + |𝐼𝑀𝑔| + |𝐼𝑆|

+ |𝐼𝐵| + |𝐼𝐶𝑢| + |𝐼𝐹𝑒| + |𝐼𝑀𝑛|

+ |𝐼𝑍𝑛| + |𝐼𝑁𝑎| + |𝐼𝐴𝑙| 

To calculate the average NBI, the criterion 

proposed by Wadt et al. (1998) was adopted, 

which uses the sum in modulus of the indices 

of each nutrient divided by the number of 

nutrients involved (n): 

𝑁𝐵𝐼 𝑚𝑒𝑎𝑛 =
𝑁𝐵𝐼

𝑛
 

In order to interpret the NBI, the potential 

fertilization response (PFR) was used, as es-

tablished by Wadt (2005), which was defined 

in 5 classes: (p) positive, (pz) positive or null, 

(z) null, (nz) negative or null and (n) negative. 

To facilitate interpretation, classes were 

grouped according to criteria proposed by 

Silva et al. (2005) in: (LL) limiting by lack (= 

p+pz), (NL) non-limiting (= z) and (LE) limit-

ing by excess (= nz+n). 

The adherence of PFR classes was calculated 

by the chi-square test (5%), where its validity 

is verified if there is total significance be-

tween rows and columns, with observed (OF) 

and expected (EF) frequencies, established 

according to Urano et al. al. (2006): 

𝐸𝐹% = [

𝑇𝑜𝑡𝑎𝑙 𝑁𝑜.𝑜𝑓 𝑝𝑙𝑜𝑡𝑠 𝑒𝑣𝑎𝑙𝑢𝑎𝑡𝑒𝑑

𝑇𝑜𝑡𝑎𝑙 𝑁𝑜.𝑜𝑓 𝑛𝑢𝑡𝑟𝑖𝑒𝑛𝑡𝑠

𝑇𝑜𝑡𝑎𝑙 𝑁𝑜. 𝑜𝑓 𝑝𝑙𝑜𝑡𝑠 𝑒𝑣𝑎𝑙𝑢𝑎𝑡𝑒𝑑
] × 100 

𝑂𝐹% = [
𝑁𝑜.  𝑜𝑓 𝑝𝑙𝑜𝑡𝑠 𝑖𝑛 𝑤ℎ𝑖𝑐ℎ 𝑡ℎ𝑒 𝑛𝑢𝑡𝑟𝑖𝑒𝑛𝑡 𝑤𝑎𝑠 (𝑝)

𝑁𝑜. 𝑜𝑓 𝑝𝑙𝑜𝑡𝑠 𝑒𝑣𝑎𝑙𝑢𝑎𝑡𝑒𝑑
]

× 100 

To determine the ranges of adequate levels 

of nutrients, regressions between the levels 

of each nutrient and their respective DRIS in-

dices were obtained. To establish the critical 

level, sufficiency ranges were established 

considering deviations from the zero index 

plus or minus 2/3 of the standard deviation 

value obtained for each nutrient, as pro-

posed by Serra et al. (2012). 

In order to validate the DRIS diagnostic 

method, the graphical method of the Cate-
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Nelson procedure was applied, which princi-

ple is the division of the scatterplot into four 

quadrants, thus maximizing the number of 

points in the positive quadrants while mini-

mizing the number of negative quadrants 

(NELSON; ANDERSON, 1977). Each quadrant 

represents a class of response to the use of 

the input and means, as mentioned by Par-

ent et al. (2013): 

 True Negative (TN): adequate nutri-

tional status, as the high-yield population 

was correctly identified as balanced. 

 False Positive (FP): nutrient consump-

tion by the plant or exceptionally high ef-

ficiency of nutrient use, as the high-yield 

population was incorrectly identified as 

unbalanced. 

 False Negative (FN): nutritional imbal-

ance caused by at least one nutrient, as 

the low-yield population was correctly 

identified as unbalanced. 

 True Positive (TP): impact of other lim-

iting factors on crop performance, as the 

low-yield population was incorrectly iden-

tified as balanced. 
 

According to Parent et al. (2013), the inter-

pretation of the procedure should be per-

formed as follows: 

 Negative Predictive Value (NPV): prob-

ability of a balanced diagnosis returning 

to high performance, calculated as TN / 

(TN + FN) 

 Positive Predictive Value (PPV): proba-

bility of an imbalance diagnosis returning 

to low performance, calculated as TP / (TP 

+ FP) 

 Accuracy (Ac.): probability of an obser-

vation being correctly identified as bal-

anced or unbalanced, calculated as (TN + 

VP) / (TN + FN + TP + FP) 

 Specificity (Sp.): probability of a high-

yield observation being balanced, calcu-

lated as TN / (TN + FP) 

 Sensitivity (Sens.): probability of a low-

performance observation to be unbal-

anced, calculated as TP / (TP + FN). 
 

Results and Discussion 

Analyzing the total of 202 plots, 82 were clas-

sified as high-yield or reference subpopula-

tion, totaling 40.6% of the population, and 

the rest (59.4%) as low-yield subpopulation. 

Table 1 shows the mean values, standard de-

viation and coefficient of variation of the 

DRIS norm found, using all Beaufils ratios 

(N/P and P/N) (1973). 

Table 1 – Mean, standard deviation and coefficient of variation of logarithms of nutrient ratios of 

the reference population. 

N/ P K Ca Mg S B Cu Fe Mn Zn Na Al 

Mean 0.96 0.05 -0.20 0.86 1.00 -0.88 0.05 -0.91 -1.55 -0.68 -1.08 -1.10 

Standard deviation 0.17 0.13 0.16 0.14 0.21 0.23 0.27 0.19 0.30 0.25 0.22 0.28 

CV % 0.03 0.02 0.03 0.02 0.04 0.05 0.07 0.04 0.09 0.06 0.05 0.08 

P/ N K Ca Mg S B Cu Fe Mn Zn Na Al 

Mean -0.96 -0.91 -1.16 -0.10 0.04 -1.84 -0.92 -1.88 -2.51 -1.64 -2.05 -2.06 

Standard deviation 0.17 0.13 0.15 0.17 0.22 0.23 0.28 0.23 0.30 0.25 0.25 0.28 

CV % 0.03 0.02 0.02 0.03 0.05 0.05 0.08 0.05 0.09 0.06 0.06 0.08 

K/ N P Ca Mg S B Cu Fe Mn Zn Na Al 

Mean -0.05 0.91 -0.25 0.81 0.95 -0.93 0.00 -0.96 -1.60 -0.73 -1.13 -1.15 

Standard deviation 0.13 0.13 0.16 0.13 0.19 0.22 0.27 0.18 0.30 0.24 0.23 0.28 

CV % 0.02 0.02 0.03 0.02 0.03 0.05 0.07 0.03 0.09 0.06 0.05 0.08 

(to be continued) 
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Table 1 – Mean, standard deviation and coefficient of variation of logarithms of nutrient ratios of 

the reference population (Continuation). 

Ca/ N P K Mg S B Cu Fe Mn Zn Na Al 

Mean 0.20 1.16 0.25 1.06 1.20 -0.68 0.24 -0.72 -1.35 -0.48 -0.89 -0.90 

Standard deviation 0.16 0.15 0.16 0.14 0.22 0.20 0.28 0.21 0.29 0.25 0.22 0.28 

CV % 0.03 0.02 0.03 0.02 0.05 0.04 0.08 0.04 0.08 0.06 0.05 0.08 

Mg/ N P K Ca S B Cu Fe Mn Zn Na Al 

Mean -0.86 0.10 -0.81 -1.06 -0.14 -1.74 -0.82 -1.78 -2.41 -1.54 -1.95 -1.96 

Standard deviation 0.14 0.17 0.13 0.14 0.21 0.22 0.29 0.20 0.28 0.26 0.22 0.30 

CV % 0.02 0.03 0.02 0.02 0.04 0.05 0.08 0.04 0.08 0.07 0.05 0.09 

S/ N P K Ca Mg B Cu Fe Mn Zn Na Al 

Mean -1.00 -0.04 -0.95 -1.20 -0.14 -1.88 -0.95 -1.91 -2.55 -1.67 -2.08 -2.10 

Standard deviation 0.21 0.22 0.19 0.22 0.21 0.27 0.27 0.24 0.34 0.28 0.27 0.30 

CV % 0.04 0.05 0.03 0.05 0.04 0.07 0.07 0.06 0.11 0.08 0.07 0.09 

B/ N P K Ca Mg S Cu Fe Mn Zn Na Al 

Mean 0.88 1.84 0.93 0.68 1.74 1.88 0.93 -0.03 -0.67 0.21 -0.20 -0.22 

Standard deviation 0.23 0.23 0.22 0.20 0.22 0.27 0.33 0.26 0.32 0.28 0.26 0.28 

CV % 0.05 0.05 0.05 0.04 0.05 0.07 0.10 0.07 0.10 0.08 0.07 0.08 

Cu/ N P K Ca Mg S B Fe Mn Zn Na Al 

Mean -0.05 0.92 0.00 -0.24 0.82 0.95 -0.93 -0.96 -1.60 -0.72 -1.13 -1.15 

Standard deviation 0.27 0.28 0.27 0.28 0.29 0.27 0.33 0.28 0.38 0.33 0.35 0.33 

CV % 0.07 0.08 0.07 0.08 0.08 0.07 0.10 0.08 0.14 0.11 0.12 0.10 

Fe/ N P K Ca Mg S B Cu Mn Zn Na Al 

Mean 0.91 1.88 0.96 0.72 1.78 1.91 0.03 0.96 0.24 0.24 -0.17 -0.19 

Standard deviation 0.19 0.23 0.18 0.21 0.20 0.24 0.26 0.28 0.22 0.22 0.26 0.25 

CV % 0.04 0.05 0.03 0.04 0.04 0.06 0.07 0.08 0.05 0.05 0.07 0.06 

Mn/ N P K Ca Mg S B Cu Fe Zn Na Al 

Mean 1.55 2.51 1.60 1.35 2.41 2.55 0.67 1.60 0.63 0.87 0.47 0.45 

Standard deviation 0.30 0.30 0.30 0.29 0.28 0.34 0.32 0.38 0.31 0.32 0.33 0.35 

CV % 0.09 0.09 0.09 0.08 0.08 0.11 0.10 0.14 0.09 0.10 0.11 0.12 

Zn/ N P K Ca Mg S B Cu Fe Mn Na Al 

Mean 0.68 1.64 0.73 0.48 1.54 1.67 -0.21 0.72 -0.24 -0.87 -0.41 -0.43 

Standard deviation 0.25 0.25 0.24 0.25 0.26 0.28 0.28 0.33 0.22 0.32 0.30 0.30 

CV % 0.06 0.06 0.06 0.06 0.07 0.08 0.08 0.11 0.05 0.10 0.09 0.09 

Na/ N P K Ca Mg S B Cu Fe Mn Zn Al 

Mean 1.08 2.05 1.13 0.89 1.95 2.08 0.20 1.13 0.17 -0.47 0.41 -0.02 

Standard deviation 0.22 0.25 0.23 0.22 0.22 0.27 0.26 0.35 0.26 0.33 0.30 0.30 

CV % 0.05 0.06 0.05 0.05 0.05 0.07 0.07 0.12 0.07 0.11 0.09 0.09 

Al/ N P K Ca Mg S B Cu Fe Mn Zn Na 

Mean 1.10 2.06 1.15 0.90 1.96 2.10 0.22 1.15 0.19 -0.45 0.43 0.02 

Standard deviation 0.28 0.28 0.28 0.28 0.30 0.30 0.28 0.33 0.25 0.35 0.30 0.30 

CV % 0.08 0.08 0.08 0.08 0.09 0.09 0.08 0.10 0.06 0.12 0.09 0.09 
 

Table 2 shows the result of the potential fer-

tilization response, in which it is evident that 

the highest frequency of positive response 

(p) was presented by Zn and Al, followed by 

Cu and S; however, nutrients P and B pre-

sented values very close to the others and 

should not be included in this class. The nu-

trients that presented low fertilization re-

sponse (n), that is, found in excess, are: Fe, 

Cu and Na, respectively. 

The chi-square test for nutrient frequencies 

showed significant effect, indicating that the 

method was efficient in diagnosing the pos-

itive effect of the fertilization response 
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(TABLE 3). Similar results were found by Politi 

et al. (2013), applying the test in the mango 

experiment. 

TABLE 2 – Distribution (%), according to criterion 

established by Wadt (2005), of the potential fer-

tilization response of the 'Keitt' mango crop in 

the Brazilian semiarid region from the low-yield 

population. 

Nutrient p(2) pz z nz n 

N 6.6 3.3 68.6 14.9 6.6 

P 7.4 10.7 65.3 12.4 4.1 

K 6.6 11.6 65.3 12.4 4.1 

Ca 5.0 6.6 69.4 14.0 5.0 

Mg 2.5 6.6 64.5 19.0 7.4 

S 10.7 13.2 56.2 11.6 8.3 

B 7.4 15.7 55.4 15.7 5.8 

Cu 10.7 14.9 50.4 9.1 14.9 

Fe 4.1 13.2 48.8 14.0 19.8 

Mn 3.3 19.0 69.4 6.6 1.7 

Zn 14.0 19.8 53.7 5.8 6.6 

Na 7.4 19.8 44.6 15.7 12.4 

Al 14.0 18.2 43.0 21.5 3.3 

(2) p: positive, with high probability; pz: positive, with 

low probability; z: null; nz: negative, with low proba-

bility; n: negative, with high probability, according to 

Wadt (2005). 

Table 3 – Calculation of the chi-square distribu-

tion of the frequency of 'Keitt' mango leaf sam-

ples from the low-yield population (1). 

Nutrient OF (3) FE (OF-EF)2/EF 

N 6.6 7.7 0.2 

P 7.4 7.7 0.0 

K 6.6 7.7 0.2 

Ca 5.0 7.7 1.0 

Mg 2.5 7.7 3.5 

S 10.7 7.7 1.2 

B 7.4 7.7 0.0 

Cu 10.7 7.7 1.2 

Fe 4.1 7.7 1.6 

Mn 3.3 7.7 2.5 

Zn 14.0 7.7 5.3 

Na 7.4 7.7 0.0 

Al 14.0 7.7 5.3 
 Chi-square 21.91 ** 

(1) With response potential to positive and very likely 

fertilization (p), according to Wadt (2005). (3) OF and 

EF correspond to observed and expected frequencies, 

respectively. ** Significant at 1%. 

The analysis of nutritional class found the fol-

lowing nutrients limiting due to lack, in de-

creasing order of frequency: Zn > Al > Na > 

Cu > S > B > Mn > P = K > Fe > Ca > N > Mg, 

and limiting due to excess, in decreasing order: 

Fe > Na > Mg > Al > Cu > B = N > S > Ca > P 

= K > Zn > Mn (TABLE 4). Fe excess result cor-

roborates findings by Silva et al. (2004) in 

'Tommy Atkins' mango. Similarly, Raj and Rao 

(2006), in a long-term experiment with mango, 

found that the most limiting nutrients by the 

DRIS method were Fe and Zn. 

Table 4 – Frequency distribution of 'Keitt' mango 

leaf samples into nutritional classes defined by 

the DRIS method, from the low-yield population. 

Nutrient LL(1) NL LE Total 

N 9.9 68.6 21.5 100 

P 18.2 65.3 16.5 100 

K 18.2 65.3 16.5 100 

Ca 11.6 69.4 19.0 100 

Mg 9.1 64.5 26.4 100 

S 24.0 56.2 19.8 100 

B 23.1 55.4 21.5 100 

Cu 25.6 50.4 24.0 100 

Fe 17.4 48.8 33.9 100 

Mn 22.3 69.4 8.3 100 

Zn 33.9 53.7 12.4 100 

Na 27.3 44.6 28.1 100 

Al 32.2 43.0 24.8 100 

(1) LL- limiting due to lack; NL- non-limiting; LE- lim-

iting due to excess. 

Figure 1 shows the graph of the relationship 

between average NBI and yield, showing lin-

ear equation, significant at 1%, with determi-

nation coefficient equal to 5% (R2=0.059). 

Similar result (R2=0.003) was found by San-

tos (2016) for atemoya crop, whereas Souza 

et al. (2013) obtained determination coeffi-

cient of 42% for guava crop. 

In view of the above, it is clear that the aver-

age NBI mean did not provide the necessary 

information to determine whether crop pro-

duction is significantly associated with the 

nutritional balance index calculated by the 
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DRIS method. Even if plots are managed in a 

uniform way, as they belong to a single com-

pany, there was variation according to the 

years under analysis. 

However, when relating the DRIS index with 

the concentrations of the respective nutri-

ents, determination coefficients above 53% 

for macronutrients were observed, being 

76% for S (FIGURE 2) and above 65% for mi-

cronutrients, being 76% for Zn and Fe 

(FIGURE 3). 

 

Figure 1 – Relationship between average NBI 

mean values and yield of 'Keitt' mango orchards 

in the Brazilian semiarid region. 

** Significant at 1%. 

   

   

   

Figure 2 – Relationship between DRIS indices and the concentration of macronutrients in 'Keitt' 

mango leaves. 

** Significant at 1%. 
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Figure 3 – Relationship between DRIS indices and the concentration of micronutrients in 'Keitt' 

mango leaves. 

** Significant at 1%. 
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Considering that the plant is in nutritional 

balance when the DRIS index value ap-

proaches zero (WALWORTH; SUMMER, 

1987), a DRIS nutritional balance point was 

determined, equating the graph equation to 

zero (TABLE 5). 

Table 5 - DRIS nutritional balance point for nu-

trients of the 'Keitt' mango crop in the Brazilian 

semiarid region. 

Nutrient 
DRIS nutritional 

balance point (1) 

N (g.kg-1) 16.4 

P (g.kg-1) 1.8 

K (g.kg-1) 14.8 

Ca (g.kg-1) 25.9 

Mg (g.kg-1) 2.3 

S (g.kg-1) 1.8 

B (mg.kg-1) 135.3 

Cu (mg.kg-1) 17.9 

Fe (mg.kg-1) 142.6 

Mn (mg.kg-1) 651.0 

Zn (mg.kg-1) 94.5 

Na (mg.kg-1) 219.2 

Al (mg.kg-1) 261.8 

(1) Nutrient concentration in leaves of nutritionally 

balanced 'Keitt' mango plants. 

The sufficiency range and adequate content 

of DRIS results were compared with litera-

ture data, and it was observed that there was 

a difference in amplitudes (TABLE 6). The re-

sults show smaller amplitude of the DRIS suf-

ficiency range for K, Ca, Mg, Cu, and Zn when 

compared to literature. Analyzing the appro-

priate content, only Mn, B and K, DRIS had 

its highest values, the others being very close 

to those of literature. 

Data referring to Al and Na are not reported 

in diagnostic studies, although Al is consid-

ered a toxic element for plants, some bio-

chemical mechanisms can give plants the 

ability to inactivate or store aluminum in 

leaves in non-toxic forms (SILVA et al., 1984). 

In regions such as the semiarid, Na is fre-

quently analyzed in order to detect the oc-

currence of the soil salinization process. The 

excess of salts severely limits agricultural 

production, especially in arid and semiarid 

regions, where about 25% of the irrigated 

area is salinized (FAO, 2011). 

In Figure 4, the result of the application of 

the Cate-Nelson procedure is presented, 

where the general nutritional balance indices 

are related to the entire sample set of the 

'Keitt' mango crop yield. 

 

Figure 4 – Cate-Nelson partitioning for the rela-

tionship between NBI and yield for the 202 ‘Keitt’ 

mango plots. NPV = Negative Predictive Value; 

PPV = Positive Predictive Value; TN = True Neg-

ative; FP = False Positive; TP = True Positive; FN 

= False Negative; Ac. = Accuracy; Esp. = Specific-

ity; Sens. = Sensitivity. 

Accuracy, which represents the probability 

level of the observation being correctly iden-

tified as balanced or unbalanced, presented 

value of 44% (FIGURE 4). Parent et al. (2013) 

found values of 92% for mango crop using 

CND. In literature, ideal values above 50% 

(BEVERLY; HALLMARK, 1992) or above 68% 

(WADT; LEMOS, 2010) are reported. 

As for specificity and sensitivity, the values 

obtained were 57 and 34%, respectively 

(FIGURE 4). In the work developed by 

Meneses et al. (2017) with sweet corn crop, 

specificity of 95% and sensitivity of 45% were 

obtained. 
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Table 6 – Nutrient distribution range in “Keitt” mango leaves established by the DRIS norm calcula-

tion and literature. 

Nutrient Method Adequate range Adequate content 

N 

DRIS 13.7 - 19.1 16.4 

Quaggio et al. (1996) 12.0 - 14.0 - 

Medeiros et al. (2005) - 12.9 

Araújo (2010) - 13.8 

P 

DRIS 1.5 - 2.1 1.8 

Quaggio et al. (1996) 0.8 - 1.6 - 

Medeiros et al. (2005) - 1.2 

Araújo (2010) - 1.0 

K 

DRIS 12.4 - 17.2 14.8 

Quaggio et al. (1996) 5.0 - 10.0 - 

Medeiros et al. (2005) - 6.9 

Araújo (2010) - 8.5 

Ca 

DRIS 21.8 - 30.0 25.9 

Quaggio et al. (1996) 20 - 35 - 

Medeiros et al. (2005) - 41.4 

Araújo (2010) - 23.4 

Mg 

DRIS 1.9 - 2.7 2.3 

Quaggio et al. (1996) 2.5 - 5.0 - 

Medeiros et al. (2005) - 4.0 

Araújo (2010) - 2.4 

S 

DRIS 1.3 - 2.3 1.8 

Quaggio et al. (1996) 0.8 - 1.8 - 

Medeiros et al. (2005) - - 

Araújo (2010) - 0.7 

B 

DRIS 93.2 - 177.4 135.3 

Quaggio et al. (1996) 50.0 - 100.0 - 

Medeiros et al. (2005) - - 

Araújo (2010) - 82.7 

Cu 

DRIS 7.1 - 28.7 17.9 

Quaggio et al. (1996) 10.0 - 50.0 - 

Medeiros et al. (2005) - 78.0 

Araújo (2010) - 12.3 

Fe 

DRIS 68.4 - 216.8 142.6 

Quaggio et al. (1996) 50.0 - 200.0 - 

Medeiros et al. (2005) - 114.0 

Araújo (2010) - 84.5 

Mn 

DRIS 451.1 - 850.9 651.0 

Quaggio et al. (1996) 50.0 - 100.0 - 

Medeiros et al. (2005) - 189.0 

Araújo (2010) - 174.1 

Zn 

DRIS 53.0 - 136.0 94.5 

Quaggio et al. (1996) 20.0 - 40.0 - 

Medeiros et al. (2005) - 96.0 

Araújo (2010) - 28.6 

Na 

DRIS 116.5 - 321.9 219.2 

Quaggio et al. (1996) - - 

Medeiros et al. (2005) - - 

Araújo (2010) - - 

Al 

DRIS 132.4 - 391.2 261.8 

Quaggio et al. (1996) - - 

Medeiros et al. (2005) - - 

Araújo (2010) - - 

DRIS, floral induction phase; Quaggio et al. (1996), flowering phase; Medeiros et al. (2005), pre-flowering phase; 

Araújo (2010), pre-flowering phase. 
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For the high-yield population (82 plots), 47 

were correctly identified with adequate nu-

tritional status (TN) and 35 were incorrectly 

identified (FP). As for the low-yield popula-

tion (121 stands), 41 were correctly identified 

as unbalanced (TP), where at least one nutri-

ent is affecting yield, while 79 were impacted 

by other factors limiting crop performance, 

not nutritional (FN) (FIGURE 4). 

Conclusions 

The yield of 'Keitt' mango under the Brazilian 

semiarid conditions was not related to NBI-

DRIS. 

Nutrient concentration has positive and sig-

nificant relationship with the respective DRIS 

indices, enabling the determination of the 

balance point, establishing a nutritional 

standard and enabling the use of foliar diag-

nosis for the variety. 

The order of nutrients with the highest fre-

quency of limitations due to lack, in decreas-

ing order was: Zn > Al > Na > Cu > S > B > 

Mn > P = K > Fe > Ca > N > Mg, and due to 

excess in decreasing order was: Fe > Na > 

Mg > Al > Cu > B = N > S > Ca > P = K > Zn 

> Mn. 
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