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ABSTRACT: Cashew tree (Anacardium occidentale L.) is a fruit species widely cultivated 
in Brazil, but the interest in evaluating this plant nutritional status is very recent, to 
the point there is still no defined diagnostic leaf. This study aimed to define the leaves 
that reflect the nutritional status of dwarf cashews. Leaf samples were collected from a 
productive orchard established with four dwarf cashew clones: ‘CCP 76’, ‘BRS 189’, ‘BRS 
226’, and ‘BRS 265’. Leaf sampling was performed over four consecutive years, at the 
beginning of the flowering season and the emergence of inflorescences with floral buds. 
Sampling was carried out from the first to the sixth fully expanded (mature) leaf, from 
the inflorescence towards the base of the branch. Total leaf content of macronutrients, 
micronutrients, and Na were quantified. Multi-element index variables were obtained 
using Compositional Nutrient Diagnosis (CND) methodology, and total leaf concentrations 
were correlated with cashew nut yields. The pair of leaves closest to the base of the 
branch, 5th and 6th leaves, showed a balanced index of nutrients, including N, K, Ca, 
S, Mn, and Zn. These leaves were also positively correlated with cashew nut yield and 
exhibited lower coefficients of variation for most of the analyzed nutrients. Thereby, the 
5th and 6th leaves are recommended as diagnostic leaves for evaluating the nutritional 
status of dwarf cashews.
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INTRODUCTION
The commercial species Anacardium occidentale L. is native to Brazil, but the cashew nut 
kernel is one of the most widely consumed nuts in the world, and in 2022 world exports 
amounted to almost US$ 7 billion. The largest producers of cashew nuts in the world 
in 2022 were Côte d’Ivoire (970,000 tons), India (752,000 tons) and Vietnam (341,000 
tons). Brazil is the eighth largest producer, with 147,000 tons produced in 2022. Vietnam 
is the largest exporter worldwide, accounting for 42.4 % of the total exports, while the 
USA is the largest importer, with 14.7 % of the total (FAO, 2024).

Cashew has been commercially cultivated in Brazil since the 1960s, and currently, its 
cultivation covers 424,609 hectares, 98 % of which is in the northeast region (IBGE, 
2022). Commercial cashew cultivation in Brazil started with common cashew trees grown 
from seeds that were the product of allogamy. This resulted in heterogeneous orchards 
that comprised plants differing from one another (Santos et al., 2020). Since the 1980s, 
short-sized clonal varieties termed dwarf cashews have been made available, which 
substantially increased the intensified cultivation of the crop. However, even with the 
availability of genotypes with improved genetic backgrounds, few orchards reach the full 
potential cashew nut yields (above >1,000 kg ha-1), as shown in official data released 
by IBGE (2022) (≈347 kg ha-1).

Plant nutritional status is extremely limiting among factors that interfere with crop yields. 
Several cashew producers fertilize their orchards by following the recommendations 
defined by Crisóstomo et al. (2009); however, there is no precise tool to evaluate the 
responses to fertilization or to diagnose the nutritional status of this crop. Plant analysis 
is important to elucidate in-season problems as deficiencies or excess of nutrients, 
thus complements soil testing (Zone et al., 2020). Leaves diagnosis technique allows 
for an indirect evaluation of soil fertility, using the plant as an extractor, since most 
physiological processes occur in the leaves. Evaluation of the nutritional status of plants 
allows producers to obtain greater economic returns, increase yield, and improve fruit 
quality (Rozane et al., 2016).

Of the steps to be followed for foliar diagnosis, leaf sampling is considered the most 
critical because, if performed incorrectly, it may misrepresent the actual nutritional 
status of the plant, so fertilization may be underestimated or overestimated, resulting in 
lower-than-expected crop yields (Oliveira et al., 2013). In addition, sampling criteria for 
each crop should be established because the leaf position on the branch is considered 
a source of variation for nutrient concentration; therefore, standardization is required 
to diagnose nutritional status to be effective (Lima et al., 2011).

Literature has previously reported leaf concentrations in cashews (Haag et al., 1975; 
Kernot, 1998), but these were obtained in common cashew orchards (heterogeneous 
plants). In addition, the samples were selected based on the criteria used for other fruit 
crops, and they were collected from various positions (Crisóstomo et al., 2004; Corrêa 
et al., 2012), thereby affecting the consistency of the information obtained.

Furthermore, several nutritional evaluation methods have been developed and researched 
since the mid-20th century, such as Critical Level, Sufficiency Range (univariate methods), 
Mathematical Chance (ChM), Diagnosis and Recommendation Integrated System (DRIS) 
(bivariate method), and Compositional Nutrient Diagnosis (CND) (multivariate method). 
The last-mentioned is based on the relationship between the concentration of a given 
nutrient and the geometric mean of the concentrations of other components in plant 
dry matter, thus using multivariate relationships (Parent and Dafir, 1992). This allows 
the calculation of an impartial imbalance index, that is, attributing the same weight 
imbalance to deficiencies and excesses, applying the Mahalanobis distance (Parent et 
al., 2009). The CND methodology has only one standard deviation, thus it allows the 
exclusion of atypical data (outliers) and increases its reliability in results interpretation. 
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Studies using this methodology for leaf diagnosis of crops are frequent in the literature, 
including orange (Camacho et al., 2012), mango (Politi et al., 2013; Wadt and Silva, 
2020), guava (Oliveira et al., 2020), and grapevine (Rozane et al., 2020).

Considering the hypothesis that nutrient concentrations are influenced by the leaf 
position on the branch, this study aimed to define the leaves that reflect the nutritional 
status of dwarf cashews.

MATERIALS AND METHODS
The study was carried out in an orchard located in the Experimental Field of Embrapa 
Agroindústria Tropical, in Pacajus, Ceará, Brazil (4° 11' 19.63” S, 38° 30' 07.89” W, 84 
m) (Figure 1), established in 2011 at a spacing of 8 × 6 m. The soil of the orchard is 
classified as Arenic Haplustults (Argissolo Vermelho-Amarelo distrófico) (Lima et al., 2002), 
and the climate of the region as “tropical, humid with a dry summer and rainy winter” 
according to Köppen classification system (Alvares et al., 2014). The studied orchard 
was established under rainfed conditions using four clones of dwarf cashew: ‘CCP 76’, 
‘BRS 189’, ‘BRS 226’, and ‘BRS 265’, and distributed in a randomized complete block 
design with four replicates and 30 plants in each row. Plants of all clones were grafted 
onto dwarf cashew rootstock ‘CCP 06’, according to Serrano et al. (2013).

Before planting, the orchard area received 1.5 Mg ha-1 of dolomitic limestone (relative 
neutralizing value, RNV 90 %), which was incorporated into the soil by harrowing. 
Subsequently, the fertilizers single superphosphate (200 kg ha-1) and FTE (fritted trace 
elements with 9 % Zn, 1.8 % B, 0.8 % Cu, 0.1 % Mo, 3 % Fe, and 2.0 % Mn, 20 kg ha-1) 
were applied in planted furrows, and potassium chloride (20 kg ha-1) and urea (20 kg ha-1) 
were applied as top-dressings. In subsequent years, fertilization was always performed 
during the rainy season (February to April). Fertilization management was conducted based 
on soil analysis results and following the recommendations of Crisóstomo et al. (2009).

Figure 1. Map of the dwarf cashew leaf sampling in Pacajus, Ceará State, Brazil.

11' 19.63” S, 38° 30' 07.89” W
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Leaf samples were collected at the beginning of the cashew flowering period (June to 
August, according to the specific phenology of each clone) in 2015, 2016, 2017, and 
2018, corresponding to the 4th, 5th, 6th, and 7th years of cultivation, respectively. At 
the same time, soil samples were collected in the planting row and analyzed according 
to the methodology described by Silva et al. (2009) (Tables 1 and 2).

Leaves were collected from ten plants in each row of the orchard. Four branches (one 
per cardinal point) that had inflorescence (floral buds; Figure 2a) and located at heights 
from 1.5 to 1.8 m from the soil (Figure 2b) were selected. From each selected branch, 
leaves were collected from different positions: from the first to the sixth fully expanded 
leaf, and from the base of the inflorescence towards the branch base (Figure 2c). Each 
sample consisted of 40 leaves, i.e., four leaves per plant on ten plants. Each leaf position 
on the plant was made up of 64 samples, i.e., four clones, with four replicates collected 
over four years.

The collected leaves were placed in paper bags and taken to the Laboratory of Soil 
of Embrapa Agroindústria Tropical. Then, these leaves were washed in water, 3 % 
hydrochloric acid solution (v:v), and deionized water, placed in paper bags, and dried in a 
forced-air circulation oven at 65 °C until a constant weight was achieved. Subsequently, 
the samples were ground in a Wiley-type mill, passed through 1-mm mesh sieves, and 
stored in plastic containers with pressure caps.

The procedures described by Miyazawa et al. (2009) were used to conduct chemical 
analyses. Samples were subjected to sulfuric digestion, followed by distillation and titration 
to determine the total N concentration. Then, nitric-perchloric digestion was performed 
to obtain extracts and determine the P, K, Ca, Mg, S, Na, Cu, Fe, Mn, and Zn contents, 
using inductively coupled plasma optical emission spectrometry (ICP-OES). Samples were 
incinerated in a muffle furnace, followed by quantification by spectrophotometry using 
the azomethine-H method to determine B concentration. Sodium content was evaluated 
since it is important in semiarid and coastal regions, where Na accumulation can cause 
serious problems to soil and plants (Ehtaiwesh, 2022).

Table 1. Chemical analysis of the soil from the experimental area

Year P OM pH(H2O) K+ Ca2+ Mg2+ Na+ H+Al Al3+ SB CEC BS
mg dm-3 g kg-1  mmolc dm-3 %

2015 11.3 4.8 6.7 0.9 11.0 7.0 3.0 10.0 0.0 21.0 31.0 69.0
2016 10.9 4.4 6.1 1.0 12.0 6.0 2.0 11.0 0.0 21.0 33.0 65.0
2017 11.7 4.6 5.6 1.2 14.0 4.0 0.0 16.0 0.0 20.0 36.0 55.0
2018 16.1 6.6 6.2 1.0 23.0 7.0 2.0 13.4 0.0 33.0 46.0 71.0

pH: soil:water ratio 1:2.5; OM: organic matter by Walkley-Black method; P, K+ and Na+: Mehlich-1 solution; Ca2+, Mg2+ and Al3+: 1 mol L-1 KCl solution; 
H+Al: Ca(CH3COO)2.H2O 0.5 mol L-1 solution; SB: Sum of Bases; CEC: Cation Exchange Capacity; BS: Base Saturation index.

Table 2. Chemical analysis of the soil in the experimental area

Year Zn Cu Fe Mn
 mg dm-3 

2015 2.7 0.1 7.2 3.4
2016 1.6 0.1 4.9 3.8
2017 0.8 0.1 2.9 3.7
2018 1.6 0.2 9.7 11.5

Cu, Fe, Mn and Zn: Mehlich-1 extractor.
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Cashew nuts were collected in the orchard during the fruiting period (August to December) 
in each year of evaluation. Nut yield (kg ha-1) was calculated by weighing the cashew 
nuts after adjusting the moisture content to 8 %.

Three techniques were applied to define the diagnostic leaves. Pearson correlation 
coefficient and stepwise multiple linear regression (SAS Institute, 2018) were used to 
examine the relationship between nutrient and sodium concentrations in each mature 
leaf (1st, 2nd, 3rd, 4th, 5th, and 6th leaves) and in pairs (1st and 2nd, 2nd and 3rd, 3rd 
and 4th, 4th and 5th, and 5th and 6th leaves) with cashew nut yield. Alternatively, the 
balance index obtained with the methodology CND of the leaves, individually and in 
pairs, were also correlated with cashew nut yields. The CND standards were calculated 
from the cashew nut yield data and leaf nutrient and sodium contents. As indicated by 
Parent and Dafir (1992), the filling value (R) (Equation 1) was calculated and added to 
the proportions of the elements, corresponding to 100 % of the leaf dry matter.

in which: R represents all components not determined in the dry matter (mg kg-1); 1000000 
represents the total dry matter amount (mg kg-1); and Nti is the content of each nutrient 
in the dry matter, in mg kg-1.

Then, geometric means (Equation 2) were calculated, including the concentrations of 
all nutrients, plus the R-value.

in which: G is the geometric mean of nutrient content in the dry matter; Nti is the content 
of each nutrient in the dry matter; R is the value of components not determined in the 
dry matter; and n is the number of nutrients analyzed.

Figure 2. Floral buds (a), height on the plant (b) and leaf counting scheme (c) for assessing the 
nutritional status of dwarf cashew trees.

(a) (b)

Modified leaf

1st 2nd 4th 5th 6th3rd

(c)

R = 1000000−
∑

n
i=1 Nti Eq. 1

G =
[(∏

n
i=1Nti

)
· R

] 1
(n+1) Eq. 2
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To express each simple component in comparison with all the others, that is, in comparison 
with the geometric means of the observed values, multi-element variables (Equation 3) 
(Beverly, 1987) were calculated using the Napierian logarithm.

in which: Vi is the value of the multi-element variable; G is the geometric mean of 
nutritional concentration; and Nti is the concentration of each nutrient in the dry matter. 

Before proceeding with the classification of the CND indices, using the calculation of 
the Mahalanobis distance (Equation 4), it was possible to identify and exclude outliers 
from the database, as this identifies the imbalance of elements present in the reference 
population.

in which: D2 is the Mahalanobis distance; clri is the sample to be compared; 
—
clri is the 

arithmetic mean of the reference population; and COV is the covariance matrix of the 
reference population.

Based on D2 to exclude plots that had a value <1 % probability (p<0.01), the χ2 test was 
used. Then, the database was separated into a low-yielding population and a high-yielding 
population (reference population), based on the inflection point of the cubic function, 
fitted between the values of the accumulated function and D2. The CND indices of the 
multi-element variables were calculated according to equation 5.

in which: Ii is the balance index of nutrient I to determine CND; Vi is the value of the 
multi-element variable I of the evaluated samples; V̄i  is the average of the values of the 
multi-nutrient variable I in the reference population; and σi is the standard deviation of 
variable I in the reference population.

After obtaining the CND indices for each leaf evaluated, they were related to the yield 
through correlation analysis to indicate the diagnostic leaf with the highest correlation 
with cashew yield.

RESULTS AND DISCUSSION
The dwarf cashew database, composed of 64 samples, indicates variations in cashew 
nut yields from 358 to 2,193 kg ha-1 with a standard deviation of 434 kg ha-1. Using the 
Mahalanobis distance allowed us to exclude 26 outliers from the database. Subsequently, 
the normal distribution of yields and the multivariate relationships of nutrients in the leaf 
samples were determined by observing the normal distribution of the variables using 
the Kolmogorov-Smirnov test.

Pearson correlation matrix was used primarily to assess the relationship between the 
levels of each nutrient and Na in isolated leaves (1st, 2nd, 3rd, 4th, 5th, and 6th) and 
in pairs (1st and 2nd, 2nd and 3rd, 3rd and 4th, 4th and 5th, and 5th and 6th) and the 
yield of dwarf cashew nuts. The elements that were related to nut yield were N, S, and 
Zn; however, they did not exhibit differences in relation to the leaf positions sampled 
alone or in pairs in the branches of dwarf cashew plants (Table 3). Negative correlations 
between N and S concentrations in the leaves and cashew nut yield may be related to 
the dilution effect reported by Jarrell and Beverly (1981), in which the nutrient uptake 
rate does not follow the increase in the growth rate. It should also be noted that dwarf 
cashew plants differ in size and that the fertilizer management was the same for all clones.

Vi = ln
(
Nti
G

)
Eq. 3

D2 =
∑

n
i=1

(
clri − clri

)T
COV−1

(
clri − clri

)
Eq. 4

Ii =
(
Vi − V̄i

)
σi

Eq. 5
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For pairs of 4th and 5th and 5th and 6th leaves, the contents of Mn, Zn and Ca were 
also correlated with cashew nut yields, indicating that the collection of leaves in pairs 
is a better strategy than the collection of individual leaves for evaluating the nutritional 
status of dwarf cashew plants.

With a definition of suitable diagnostic leaves, the chances of errors regarding nutritional 
balance are lower; that is, the decreases in yield related to deficiency or excess of 
nutrients are smaller (Rozane et al., 2016), thus highlighting the importance of defining 
the correct leaves to be sampled.

Nut yield was related to a small number of elements, since, under field conditions, this 
variable is conditioned not only on the concentrations of particular elements in the 
leaves, but also on their relationship with other elements and biotic and abiotic factors 
that act simultaneously during plant development.

The multiple linear regressions between cashew nut yield and contents of nutrients and 
Na in pairs of leaves showed that the pair of 5th and 6th leaves was correlated with N, 
P, Ca, Mg, S and Na contents and had the highest fitting coefficients (R2 and adjusted 
R2) (Table 4). The estimated parameters of the regression (N, P, Ca and S contents) were 
significant at 1 % level, and Mg and Na contents were significant at 5 % level (Table 4) 
for sampling the pair of 5th and 6th leaves, possibly due to the nutrients use efficiencies 
of the dwarf cashew clones.

Analysis of the standardized residuals was used to evaluate the quality of fit of the 
model. The better fit occurred for the pair of 5th and 6th leaves, where the points were 
random and homogeneous around the horizontal axis with a value equal to zero (Draper 
and Smith, 1998). The highest simple linear correlation (r) between the estimated and 
observed values of dwarf cashew yield was also obtained for this pair of leaves (Figure 3).

When defining the diagnostic leaf, the relationship between yield and nutrient contents 
in leaf tissue should be considered, so that the assessment of plant nutritional status is 
efficient (Silva et al., 2018). However, it is not always possible to find a correlation with 
all nutrients (Oliveira et al., 2020). This is due to the fact that, especially under field 
conditions, yield is greatly influenced by interactions between nutrients and various 
other factors, such as light, CO2 and water. The increase in the supply of any of these 
factors also causes increments in growth rate and yield. Another important aspect to 
consider is that plants have specific nutrient requirements and factors inherent to the 
plant itself, such as leaf area. In addition, two types of yield response are related to 

Table 3. Pearson correlation matrix between contents of nutrients and sodium in dwarf cashew leaves and cashew nut yield (Y), as 
a function of leaf position in the branch

Cashew 
nut yield Leaf N P K Ca Mg S B Cu Fe Mn Zn Na

Y 1st -0.54 0.09 -0.02 -0.14 -0.18 -0.52 0.10 -0.07 -0.16 -0.03 0.38 -0.15
Y 2nd -0.41 0.13 0.05 -0.08 -0.10 -0.43 0.03 0.05 -0.06 0.08 0.27 -0.13
Y 3rd -0.45 0.15 0.08 0.05 0.05 -0.38 0.13 0.09 -0.08 0.13 0.32 -0.07
Y 4th -0.45 0.09 -0.08 0.08 0.04 -0.42 0.11 0.01 -0.05 0.11 0.25 -0.08
Y 5th -0.50 0.08 -0.10 0.18 0.09 -0.48 0.15 0.04 0.08 0.24 0.39 -0.10
Y 6th -0.51 0.01 -0.21 0.23 0.09 -0.48 0.07 0.13 0.11 0.24 0.36 -0.05
Y 1st and 2nd -0.47 0.11 0.01 -0.11 -0.14 -0.47 0.06 -0.01 -0.10 0.02 0.32 -0.14
Y 2nd and 3rd -0.43 0.14 0.06 -0.02 -0.03 -0.40 0.08 0.07 -0.06 0.10 0.29 -0.10
Y 3rd and 4th -0.45 0.12 0.00 0.06 0.05 -0.40 0.12 0.05 -0.06 0.12 0.28 -0.08
Y 4th and 5th -0.47 0.09 -0.08 0.13 0.06 -0.45 0.13 0.02 0.02 0.18 0.32 -0.09
Y 5th and 6th -0.50 0.05 -0.15 0.20 0.09 -0.48 0.11 0.09 0.10 0.24 0.38 -0.07

Bold values represent correlations significant at p<0.05.
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nutrient contents: it can be quantitative, that is, the yield itself, or qualitative, such as 
sugar and protein concentrations in the fruits (Marschner, 2012).

Using the vectorization of the multi-nutrient balance index, the 5th and 6th leaves were 
correlated with cashew nut yield for N, S, Mn, and Zn and N, K, S, Mn, and Zn, respectively 
(Table 5). Nitrogen, S, and Zn correlated with cashew nut yield, regardless of the position 
of the sampled leaf in the branch, and there was agreement between the uni- and multi-
nutrient methods in this regard.

Multi-nutrient relationships identified by the CND method were more efficient in evaluating 
plant nutritional status than analyzing a single element as a limiting factor for crop growth 
and yield. In addition, even though the cashew clones are dwarf, there are differences 
between them in terms of plant size, and probably differences in terms of nutrient use 
efficiencies.

Considering the sampling of pairs of leaves, the vectorization of the multi-nutrient balance 
index of the 4th and 5th and 5th and 6th leaves was related to nut yields for N, S, Mn, 
and Zn and for N, K, Ca, S, Mn, and Zn, respectively.

Table 4. Parameters of multiple linear regression equations between contents of nutrients and sodium in dwarf cashew leaves and 
cashew nut yield, as a function of leaf position in the branch

Independent 
variable

Pair of leaves
1st and 2nd 2nd and 3rd 3rd and 4th 4th and 5th 5th and 6th

Estimated parameter
Intercept 2723.12** 1787.00** 2068.43** 2232.48** 2831.86**
N -65.49** -70.80** -86.30** -90.89** -80.93**
P 454.21* 809.54** 808.60** 730.63** 732.48**
Ca 358.62** 393.88** 479.20**
Mg -452.82*
S -1266.79** -993.11** -1177.27** -1190.02** -1275.63**
Mn 4.86** 4.48**
Na -390.97* -232.96* -282.19* -401.21*
F test 16.33** 17.41** 21.85** 22.75** 21.26**
R2 0.401 0.362 0.428 0.483 0.513
R2 adjusted 0.376 0.341 0.405 0.461 0.489

** and *: significant at p<0.01 and p<0.05, respectively.

Table 5. Pearson’s correlation matrix between balance index of nutrients and sodium in dwarf cashew leaves and cashew nut yield 
(Y), as a function of leaf position in the branch

Leaf N P K Ca Mg S B Cu Fe Mn Zn Na
Y 1st -0.48 0.13 0.05 -0.11 -0.11 -0.43 0.17 -0.02 -0.07 0.02 0.40 -0.11
Y 2nd -0.44 0.11 0.03 -0.07 -0.11 -0.44 0.07 0.08 -0.05 0.11 0.31 -0.12
Y 3rd -0.54 0.09 -0.01 0.01 -0.06 -0.48 0.11 0.09 -0.09 0.15 0.33 -0.12
Y 4th -0.47 0.05 -0.10 0.10 0.01 -0.49 0.14 -0.03 -0.03 0.14 0.27 -0.11
Y 5th -0.58 -0.03 -0.16 0.17 -0.05 -0.53 0.11 0.01 0.08 0.25 0.29 -0.15
Y 6th -0.58 -0.13 -0.29 0.22 -0.08 -0.55 0.04 0.11 0.11 0.25 0.31 -0.13
Y 1st and 2nd -0.46 0.12 0.04 -0.09 -0.11 -0.44 0.11 0.03 -0.06 0.06 0.35 -0.11
Y 2nd and 3rd -0.49 0.10 0.01 -0.03 -0.08 -0.46 0.09 0.08 -0.07 0.13 0.32 -0.12
Y 3rd and 4th -0.51 0.07 -0.05 0.05 -0.02 -0.49 0.13 0.03 -0.06 0.14 0.30 -0.11
Y 4th and 5th -0.53 0.00 -0.14 0.13 -0.02 -0.52 0.13 -0.02 0.02 0.20 0.30 -0.13
Y 5th and 6th -0.58 -0.08 -0.23 0.19 -0.07 -0.54 0.07 0.07 0.10 0.25 0.30 -0.13

Marked correlations are significant at p<0.05.
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Figure 3. Standardized residues and observed cashew nut yield and predicted cashew nut yield.
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Sulfur, followed by N, showed the least variability in nutrient contents in all pairs of 
leaves sampled; Fe exhibited the greatest variability (Table 6). The pair of 5th and 6th 
leaves had the lowest coefficient of variation for most of the elements analyzed, with 
the exceptions of B, Cu, and Zn (Table 6), that is, greater stability and less randomness 
of leaf contents, thus being able to reflect better the nutritional status of plants (Wadt 
and Silva, 2016).

Multiple linear regression and the multi-nutrient balance index demonstrated similar and 
complementary correlations between nutrients and Na and the yield of dwarf cashews. 
Considering the two techniques in the pair of 5th and 6th leaves, N, P, K, Ca, Mg, S, Mn, 
Zn and Na were the elements that influenced yield.

Based on single and multi-element analyses and considering the yield of cashew nuts and 
the lowest coefficients of variation of the elements, the 5th and 6th leaves can be used 
as diagnostic leaves to evaluate the nutritional status of the dwarf cashew tree. These 
leaves in dwarf cashew plants are the ones that are closest to the base of the branch, thus 
being consistent with the indication that the diagnostic leaves are physiologically mature 
and with maximum photosynthetic activity, since they are a source of photoassimilates 
(Marschner, 2012).

The definition of the diagnostic leaf for dwarf cashew will allow the definition of the 
nutrient sufficiency range for the crop and the application of nutritional status assessment 
tools such as DRIS and CND. Using these tools to assess the nutritional status of dwarf 
cashew trees will allow farmers to adjust fertilizer recommendations, optimizing their 
use and reducing nutrient losses.

CONCLUSION
The pair of mature 5th and 6th leaves, from the inflorescence towards the base of the 
branch, collected at the beginning of flowering (flower buds) are the most suitable for 
determining the nutritional status of dwarf cashew trees.

DATA AVAILABILITY
All data was generated or analyzed in this study.

Table 6. Coefficients of variation of nutrients and sodium in dwarf cashew leaves, as a function of leaf position in the branch

Elements
Pair of leaves

1st and 2nd 2nd and 3rd 3rd and 4th 4th and 5th 5th and 6th
 % 

N 8.97 8.68 7.99 7.89 7.93
P 15.80 15.76 15.71 14.12 12.97
K 9.41 9.62 10.39 8.89 7.23
Ca 21.17 21.58 21.15 19.81 19.29
Mg 10.43 10.41 10.76 10.34 9.67
S 6.91 8.33 9.16 8.04 6.75
B 23.78 23.61 20.72 21.53 24.14
Cu 20.21 17.56 19.43 18.91 20.94
Fe 37.46 40.58 35.51 30.15 29.99
Mn 30.97 31.53 31.87 29.28 26.90
Zn 21.93 20.32 17.90 16.62 18.85
Na 18.10 18.15 18.46 17.45 15.83
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