We are IntechOpen,
the world’s leading publisher of

Open Access books
Built by scientists, for scientists

6,900 185,000 200M

ailable International authors and editors Downloads

among the

154 TOP 1% 12.2%

Countries deliv most cited s Contributors from top 500 universities

Sa
S

BOOK
CITATION
INDEX

Selection of our books indexed in the Book Citation Index
in Web of Science™ Core Collection (BKCI)

Interested in publishing with us?
Contact book.department@intechopen.com

Numbers displayed above are based on latest data collected.
For more information visit www.intechopen.com

Y



Chapter 5

Diagnosis and Recommendation
Integrated System (DRIS) to Assess
the Nutritional State of Plants

Ademar Pereira Serra, Marlene Estevao Marchetti, Davi José Bungenstab,
Maria Anita Goncalves da Silva, Rosilene Pereira Serra,

Franklyn Clawdy Nunes Guimaraes, Vanessa Do Amaral Conrad

and Henrique Soares de Morais

Additional information is available at the end of the chapter

http://dx.doi.org/10.5772/54576

1. Introduction

Approximately 80-90% of fresh biomass composition of plants consists of water, and 10-20%
of fresh biomass comprises the dry biomass.

The elemental composition of dry biomass of plants consists above 90% of carbon, hydrogen
and oxygen, the remains of nutrition composition is made of other essential nutrients to
plants, such as: nitrogen, phosphorus, potassium, calcium, magnesium, sulphur, boron,
zing, iron, manganese, nickel, silicon and other elements uptaken from the environment
(Epstein & Bloom, 2006).

The nutritional state of plants influence the dry biomass production. The nutritional
deficiency of some essential nutrient prevents the maximum potential productive of plants.
According to Serra et al. (2011), the fresh and dry biomass production from medicinal plant
Pfaffia glomerata Pedersen (Spreng.) was negatively influenced by nitrogen (N) and
phosphorus (P) concentration into the plant, furthermore, the limitation of P in soil
generated less growth on plant with less biomass yield and expressed visible N and P
nutrition deficiency.

The nutritional diagnose of plants consists on determination of nutrients contents, this
determination is made with the comparison of the nutrient content with standard values,
and this procedure called by leave diagnose that uses information from chemical analyses of
plant tissue. However, there is the visible diagnose that is made with visual observation of
nutritional deficiency or excess symptoms.
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The visual diagnose can be little practical, because, when the deficiency symptoms show in
plants, the plant metabolism has been already damaged and the correction of deficiency can
note be taken good benefits on increase of yield or better products quality, besides, the
deficiency symptoms is shown in plant when the deficiency is acute (Marshner, 1995).

The tissue analyses has been considered the direct way to evaluation the nutritional state of
plants, but, to do this evaluate it is necessary a well specific part from the plant to take this
diagnose, this specific part is the leaf tissue that is the most used (Malavolta, 2006; Mourao
Filho, 2003; Hallmark & Beverly, 1991; Beaufils, 1973).

The leaf tissue is considered the most important part of the plant where the physiologic
activate happens and this tissue shows easily the nutritional disturb. To use the leaf tissue is
necessary to have the chemical analyses. Furthermore, to assess the nutritional status there
is the need to have leaf standard to sample, this leaf standard depend on the crop that
intend to evaluate, but, nowadays there are many information about the most cultivated
commercial crops.

The leave diagnose can be a useful tool to assess the nutritional status of plant, but, the
procedure to analyse the data must be appropriate. Furthermore, because of natural
dynamic of the leaf tissue composition that is strengly influenced by leaf age, maturation
stage and interaction among nutrients on uptake and translocation into the plant, if all the
damages criteria were not observed the leaf diagnose becomes very difficult to understand
and used (Walworth & Sumner, 1987).

The interpretation of nutrients contents in leaf analyses can be made by several methods to
assess plant nutritional status. To interpretate results of traditional chemical analyses of
plant tissue for the assessment of the nutritional status of plants, the methods of critical level
and sufficiency range are used more frequently (Beaufils, 1973; Walworth & Sumner, 1987;
Mourao Filho, 2004; Serra et al., 2010a,b; Camacho et a., 2012; Serra et al., 2012).

There are other diagnose systems, such as: Compositional Nutrient Diagnosis (CND) (Parent
& Dafir, 1992), plant analysis with standardized scores (PASS) (Baldock & Schulte, 1996),
these two methods are less studied then critical level and sufficiency range, but there is
CND standard published on Serra et al. (2010a,b) for the West region of Bahia, a state in
Brazil and other authors (Parent, 2011; Wairegi and Asten, 2012).

The sufficiency range is the most used method of diagnose, and this method consists on
optimum ranges of nutrients concentration to establish the nutritional state of crops,
otherwise to use the sufficiency range it is necessary to develop regional calibration that is
very expensive.

The Diagnosis and Recommendation Integrated System (DRIS) relate the nutrient contents
in dual ratios (N/P, P/N, N/K, K/N...), because of the relation between two nutrients, the
problem with the biomass accumulation and reduction of the nutrients concentration in
plants with its age is solved (Beaufils, 1973; Walworth & Sumner, 1987; Singh et al., 2000).
The use of DRIS on concept of nutritional balance of a plant is becoming an efficient method
to assess the nutritional status of plants, this method puts the limitation of nutrients in order
of plant demand, enabling the nutritional balance between the nutrient in leaf sample.



Diagnosis and Recommendation Integrated System (DRIS) to Assess the Nutritional State of Plants

Because of several factors that can influence nutrient concentration in plants, Jones (1981)
suggests that it is necessary to be critical in relation to reliability of DRIS standard, because
in this way the use of leaf diagnose method can be well used.

2. Diagnosis and Recommendation Integrated System (DRIS)

The Diagnosis and Recommendation Integrated System (DRIS) was developed by Beaufils
in 1973, this method consist in dual relation between a pair of nutrients (N/P, P/N, N/K,
K/N...) instead of the use of sufficiency range or critical level that are called univariate
methods, because only the individual concentration of the nutrients in leaf tissue is taken
into consideration while no information about the nutritional balance is provided. DRIS
enables the evaluation of the nutritional balance of a plant, ranking nutrient levels in relative
order, from the most deficient to the most excessive.

With the use of dual relation on DRIS, the problem with the effect of concentration or
dilution on the nutrients in plants is solved, because, according to Beaufils (1973); Walworth
& Sumner (1987) with the growth of leaf tissue, on one hand the concentration of nitrogen,
phosphorus, potassium and sulphur decrease in older plants and the concentration of
calcium and magnesium increase in older plants on the other hand. When it is used the
DRIS method, where the dual ratio is used, the values remain constant, minimizing the
effect of biomass accumulation, that is one of the major problem with sufficiency range and
critical level method.

It is feasible to find on literature some crops on which DRIS had already been used to assess
the nutritional status of plants, such as; pineapple (Sema et al., 2010), cotton (Silva et al.,
2009; Serra et al., 2010a,b; Serra et al., 2012), rice (Guindani et al., 2009), potato (Bailey et al.,
2009; Ramakrishna et al., 2009), coffee (Nick, 1998), sugarcane (Elwali & Gascho, 1984; Reis
Jr & Monnerat, 2002; Maccray et al.,, 2010), orange (Mourao Filho et al., 2004), apple
(Natchigall et al., 2007a,b), mango (Hundal et al., 2005), corn (Reis Jr, 2002; Urricariet et al.,
2004), soybean (Urano et al., 2006, 2007), Eucalyptus (Wadt et al., 1998), among other crops.

According to Baldock & Schulte (1996), there are four advantages of DRIS; (1) the scale of
interpretation is continuous numeric scale, and easy to use, (2) put the nutrients in order of
the most deficiency to the most excessive, (3) identify cases where the yield of plant is been
limited by into factor as nutritional status and (4) the Nutritional Balance Index (NBI) give a
result of combined effects of nutrients. Nevertheless, the disadvantage of this methodology
is that the DRIS index is not independent, because one nutrient concentration can have hard
influence on the other DRIS index for one nutrient but this problem can be corrected in parts
with a hard selection of the nutrient that will compound the DRIS norms.

3. DRIS norms

To be feasible the use of DRIS to assess the nutritional status of plants, the first step is
establish the DRIS norms or standard. The DRIS norms consist on average and standard
deviation of dual ratio between nutrients (N/P, P/N, N/K, K/N, etc.) obtained from a crop
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reference population (Table 1), but, it is necessary that the crop reference shows high yield
(Beaufils, 1973). This method has been followed along the years (Jones, 1981; Alvarez V. &
Leite, 1999; Silva et al., 2009; Maccray et al., 2010; Serra et al., 2010a,b; Serra et al., 2012).

The data bank to compose the DRIS norms is formed by the crop yield and chemical
analysis of leaf tissue, and this information can be obtained from commercial crop or
experimental units. The size of the data bank is not a factor that is directly related to the
quality of the DRIS norms (Walworth et al., 1988; Sumner, 1977).

Walworth et al. (1988) observed that, when they used 10 data to establish the DRIS norms,
the results obtained were more accurate then the use of a large number of data. What is
more important to improve efficiency on DRIS norms is the quality of the data, because it is
not accepting the use of sick plants to compose the data bank to establish the DRIS norms.

To make part of the DRIS norms, the rations between nutrients can be selected by the direct
form (N/P) or reverse (P/N), but, there is more than one way to change the ratio that is going
to compose the DRIS norms. Bataglia et al. (1990) used the entire dual ratio without selecting
the direct or reverse form, and other researchers used the transformation by natural log
(Beverly, 1987; Urano et al., 2006, 2007; Serra et al., 2010a,b; Serra et al., 2012).

With many ways to select the ratio to compose the DRIS norms there is a necessity to establish
the most efficiency way for each crop that results in a better efficiency of the system. Silva et al.
(2009) tested the dual ratio selection using the “F” value (Jones, 1981; Letzsch, 1985; Walworth
& Sumner, 1987) and “r” value (Nick, 1998) in cotton crop, on his turn, Silva et al. (2009) did
not test the criterion of choice the ratio by log transformation or the use of all nutrient ratio as
it were made by Alvarez V. & Leite (1999) and Serra et al. (2010a,b).

Results obtained by Serra et al. (2012) showed that the use of “F” value or log
transformation in nutrient ratio to define the norms produced different DRIS index,
furthermore, when the DRIS index is interpret by Beaufils ranges the difference observed
among index was reduced, showed less difference between the two groups of norms.

Following the premises of DRIS proposed by Beaufils (1973), it is feasible to change the dual
ratio (A/B or B/A) that is more important to compose the DRIS norms. This way it is
expected that the dual ratio from crop with high-yielding (reference population), composed
with healthy plants, shows less variation than the population of plants with low-yielding
(non-reference population), thus, the relation between variance ratio method, the F value,
was defined as the variance ratio of low-yielding (non-reference) and high-yielding
population (reference), and the order of the ratio with the highest value was chosen among
the variance ratios (Jones, 1981; Letzsch, 1985; Walworth & Sumner, 1987).

The utilization of the relationship between variance ratio method (“F” value) from low-
yielding and high-yielding is the most used method to define the DRIS norms. The method
“F” value is defined on the data bank divided into two groups (non-reference and
reference), and the choice of ratio directly (A/B) or inverse (B/A) defined by relationship
between variances from the two populations, in which the ratio chosen will result arises
from the following analysis (Jones, 1981; Letzsch, 1985; Walworth & Sumner, 1987):
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If:

S? (%) non — reference population 52 (%) non — reference population

S? (%) reference population S? (%) reference population

Then: the dual ratio that will make part of the DRIS norms will be A/B, on the another it will
be B/A. S? is the variance of the dual ratio of the reference population and non-reference.

Besides the selection of forward or reverse ratio to compose the DRIS norms, the same
principle can be selected with regard to the significance of F value, which can be 1%, 5% or
10% (Wadt, 1999), and feasible to use all dual ratio, which was selected by the largest ratio of
variances, without the rigour of significance (Beaufils, 1973; Jones, 1981, Walworth &
Sumner, 1987; Serra, 2011).

One can observe on literature that there are not any consensus about which methodology is
more efficient to use. Jones (1981) did not select for significance, but he selected by the
biggest reason of variances, as well as Raghupathi et al. (2005); Guindani et al. (2009); Sema
et al. (2010); Serra et al. (2012). However, Wadt (2005) used the “F” value for the selection of
dual ratio with a significance of 10%, excluding from the norms the dual ratio that was with
significance above this value.

When selecting the dual ratio by significance of the “F” value, the sum of DRIS indexes does
not give a zero value, in this case some nutrients can remain with a larger number of dual
ratio than those with fewer ratios. However, Wadt et al. (1999) concludes that the rigour of
the selection by the significance of “F” value generates greater efficiency for the diagnosis, in
studies made with coffee crop (Coffea canephora Pierre).

Variable = Average S Criteria Variable  Average s Criteria
r F ADR r F ADR

N/P 15,1416 1,8617 X X X S/B 0,1970 0,001 X X
N/K 2,2317 0,4022 X S/Zn 0,4561 0,2180 X
N/Ca 1,5598 0,3095 X S/Cu 1,2012 1,0183 X
N/Mg 10,5226 1,8856 X X S/Mn 0,2917 0,1646 X X
N/S 4,5765 2,2252 X X X S/Fe 0,1299 0,0691 X X
N/B 0,7503 02404 X X X B/N 1,4916 0,5351 X
N/Zn 1,6754 0,3502 X X B/P 22,6312 88362 X X
N/Cu 3,9724 2,1953 X X X B/K 3,3058 1,2388 X
N/Mn 1,0587 0,4183 X X B/Ca 2,2463 06303 X X X
N/Fe 0,4701 0,1493 X X B/Mg 15,3008 46670 X X
P/N 0,0671 0,0087 X B/S 6,3151 3,1483 X X
P/K 0,1500 0,0354 X B/Zn 2,4320 0,8360 X X
P/Ca 0,1048 0,0265 X X B/Cu 6,1969 46239 X X
P/Mg 0,7003 0,1316 X B/Mn 1,5206 0,6858 X X
P/S 0,3080 0,1597 X X X B/Fe 0,6875 02750 X X X
P/B 0,0504 0,0181 X X Zn/N 0,6224 0,1281 X X
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Variable  Average s Criteria Variable  Average s Criteria
r F ADR r F ADR
P/Zn 0,1117 0,0251 X Zn/P 9,3606 1,966 X X X
P/Cu 0,2613 01369 X X X Zn/K 1,3733 0,3150 X X
P/Mn 0,0694 0,0246 X X Zn/Ca 0,9508 01766 X X
P/Fe 0,0316 0,0112 X X Zn/Mg 6,4829 1,4814 X
K/N 0,4611 00758 X X X Zn/S 2,7703 14366 X X X
K/P 6,9883 14438 X X X Zn/B 0,4551 0,1419 X X
K/Ca 0,7088 0,1301 X Zn/Cu 2,4792 15065 X X
K/Mg 4,8383 1,1228 X Zn/Mn 0,6445 0,2446 X
K/S 2,0914 1,073 X X X Zn/Fe 0,2898 0,1007 X X
K/B 0,3446 01226 X X X Cu/N 0,3491 0,2056 X
K/Zn 0,7636 0,1646 X X Cu/P 5,2285 3,1722 X
K/Cu 1,7900 11,0192 X X Cu/K 0,7498 0,3941 X X
K/Mn 0,4861 02024 X X X Cu/Ca 0,5274 0,2854 X
K/Fe 0,2175 0,0769 X Cu/Mg 3,7280 2,4233 X
Ca/N 0,6615 01095 X X X Cu/S 1,6651 1,299 X X X
Ca/P 10,0208  2,0527 X X Cu/B 0,2730 0,2010 X X
Ca/K 1,4559 02605 X X X Cu/Zn 0,5869 0,3864 X X
Ca/Mg 6,9029 1,3999 X Cu/Mn 0,3843 0,3414 X X
Ca/s 2,8917 12685 X X X Cu/Fe 0,1679 0,1328 X
Ca/B 0,4830 0,1436 X Mn/N 1,1626 06971 X X
Ca/Zn 1,0873 0,2011 X X Mn/P 17,1314 93481 X X
Ca/Cu 2,5864 15065 X X X Mn/K 2,5865 1,6147 X
Ca/Mn 0,6904 02674 X X Mn/Ca 1,7850 1,0510 X X
Ca/Fe 0,3071 0092 X X X Mn/Mg 11,6390 5,9153 X
Mg/N 0,0980 0,0173 X X Mn/S 5,4646 5,1483 X X
Mg/P 1,4705 02403 X X X Mn/B 0,8287 0,4293 X X
Mg/K 0,2179 00517 X X X Mn/Zn 1,9123 1,1921 X X X
Mg/Ca 0,1516 00351 X X X Mn/Cu 4,6606 4,0784 X X
Mg/S 0,4404 0,2311 X X Mn/Fe 0,5444 03329 X X X
Mg/B 0,0723 0,0256 X X Fe/N 2,3817 0,8848 X X
Mg/Zn 0,1626 00387 X X X Fe/P 36,101 14,2700 X X
Mg/Cu 0,3909 02223 X X X Fe/K 5,3725 25203 X X X
Mg/Mn 0,0994 00321 X X X Fe/Ca 3,7003 1,6352 X
Mg/Fe 0,0464 0,0165 X X Fe/Mg 25,7109 13,4116 X X
S/N 0,2829 0,1438 X Fe/S 10,9353 7,3733 X X
S/P 4,2903 2,2582 X Fe/B 1,7883 0,9809 X
S/K 0,6233 0,3228 X Fe/Zn 3,9554 1,6004 X X
S/Ca 0,4192 0,1857 X Fe/Cu 9,4342 62703 X X X
S/Mg 2,8927 13862 X X Fe/Mn 2,6114 1,7679 X

Data obtained from doctorate thesis of Serra (2011).

Table 1. DRIS norms, following the methodology of “F” values (Jones, 1981; Letzsch, 1985; Walworth &
Sumner, 1987), “r” value (Nick, 1998) and all dual ratio (ADR) (Serra, 2011)
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4. DRIS index

Several changes in the methodology of DRIS indexes calculation were proposed in order to
increase the accuracy in the nutritional diagnosis for several crops. The calculation of the
functions or standard deviation units can be defined by the methodology originally
developed by Beaufils (1973), Jones (1981) or Elwali & Gascho (1984), there are some
conflicting results in the literature regarding the effectiveness of each method of calculation.
According to Mourao Filho (2004), there is still no clear definition of what would be the best
recommendation to calculate the functions or standard deviation units for the DRIS.

According to Serra (2011), the use of the methodology proposed by Jones (1981) when
compared with Beaufils (1973) and Elwali & Gascho (1987) showed better efficacy on DRIS
index for cotton crop (Gossypium hirsutum r latifolium). The measure of the efficacy used by
Serra et al. (2011) was the relation between yield and nutritional balance index (NBI).

Beaufils (1973):
For A/B < a/b;

5) =1~ 2

f(A/B)=0, for A/B =a/b
For A/B > a/b;

A) _ [A/B ] 100-K
B CV%

f (<§ a/b
Jones (1981):
(5)-1E)- @) ;
Elwali & Gascho (1984):
For A/B < a/b-1s

5) =1~ 2 T

f(A/B)=0, to the range between a/b-1s to a/b+1s
For A/B > a/b+1s

A\ [A/B 100 - K
r(5) = e -1 59
B a/b CV%
After defining the functions DRIS, the DRIS index is calculated and for each nutrient a DRIS
index is determined, which may have positive or negative values, that represent the
arithmetic average of functions in which the nutrient is involved, when the result is negative
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(below zero), this means deficiency and when the positive value indicates excess, as
proposed by Beaufils (1973):

2/ (5) -2/ (2)

n

DRIS Index A =

n=number of DRIS functions of each dual ratio defined by criteria of chosen of the norms, in
that the A nutrient is involved.

The sum of DRIS index in module of the nutrients in a sample diagnosed, generates the
nutritional balance index (NBI), in an increasing scale, the higher NBI the greater nutritional
imbalance in the plant and consequently low productivity, and the correlation between NBI
and yield is considered one measure of the effectiveness of the system DRIS (Beaufils, 1973;
Nachtigall & Dechen, 2007b; Guindani et al., 2009).

Mourao Filho (2004) concludes that researches on DRIS are still incipient, therefore, many
accurately factors must still be better studied, factors such as the criteria for choosing the
reference populations, the combination of methods to be used, so there is a need to more
refined studies on these aspects.

5. Nutritional Balance Index (NBI)

When assessing the nutritional status of plants, looking up the nutritional balance of the
plant, however, this goal can not be reached when using the traditional methods of
nutritional diagnosis, such as the sufficiency range and critical level, because, both of them
lead into account only the individual concentrations of nutrients in the plant, with no
relationship among these nutrients.

The Diagnosis and Recommendation Integrated System (DRIS) provides the relationship
between nutrients through dual ratio (A/B and/or B/A). Thus it is feasible by calculating
DRIS index to obtain the nutritional balance (Baldock & Schulte, 1996). In addition to the
DRIS index, which may take positive and negative values, there is the nutritional balance
index (NBI), which is the sum in modulus of the DRIS indices from a sample and thus the
lower the value of the NBI would be more nutritionally balanced in the crop.

Despite of the diagnosis of nutritional status, the DRIS can be a useful tool to indicate
situations where yield is limited by other factors than nutritional, however, it does not
discriminate the factors that would be limiting the yield. In crops that have low yield and
low NBI it is expected that other factors were limiting productivity, not being a limitation by
the nutritional status of the plant (Beaufils, 1973).

The Nutritional Balance Index (NBI) was calculated by summing the value in module of the
index generated in the sample. This NBI may be useful to indicate the nutritional status of
the plant. The higher the NBI, the greater the nutritional imbalance (Beaufils, 1973; Mourao
Filho, 2003). The average NBI generates NBla (Nutritional Balance Index average), according
to the formula below:
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NBI = |I DRIS A| + |I DRIS B| + |I DRIS C| + -+ | DRIS N|

NBI
NBla = —
n

Where: 1 is the number of DRIS index involved in the analysis.

The NBI has been used to prove the effectiveness of the DRIS system in diagnosing the
nutritional status of the plant, because the greater the relationship between NBI and yield
better the diagnostic system response, to point out the nutritional status of plants (Silveira et
al. 2005b) (Figure 1). Guindani et al. (2009) used the NBI to select the reference population to
compose DRIS norms relating to the NBI tracks yield and the yield range that had the
highest coefficient of determination (R?) was selected as the reference population.

100
20
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€0
50
40
30
20
10

0
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0 50 100 150 200 250
.:1) NElJones F

Figure 1. Relationship between the relative dry mass (DM) production of Signal grass and Nutritional
Balance Index (NBI) obtained by the method of Jones for combinations of methods choice of ratio order
among nutrients (F and R values) in the first growth using the norm of the first growth (a), in the first
growth using the general norm (b), in the second growth using the norm of the second growth (c) and
in the second growth using the general norm (d) (Silveira et al., 2005b).

6. Interpretation of DRIS index

The interpretation of DRIS index is the identification of nutrients that are limiting the crop
yield from the presenting in nutritionally balanced or non-limiting. DRIS index can provide
all null values or null values, positive and negative. However, the probability of having all
zero values is small, therefore, it is necessary that all dual ratios show the same mean value
of the standards. What happens under the conditions of analysis with the DRIS system is the
presence of null values, positive and negative (Beaufils, 1973).

Null values mean that the average deviation for a given nutrient, are equidistant and
cancelled in the expression of the final value for the DRIS index. It is said therefore that this
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nutrient is in a state of nutritional balance (Walworth & Sumner, 1984). After determination of
DRIS index is necessary to interpretate these positive and negative values of a particular
nutrient, it would be a situation in which the nutrient would be in excess (+) or deficiency (-).

6.1. Interpretation of DRIS index values by the order of the value

The usual method that is used for the interpretation of DRIS index is the ordering of the
values of the indices, the ordering is more limiting disabilities by the most limiting excess.

By this method of ordering of the index establish that the lowest DRIS index and negative has
been considered the most limiting, the second lowest, the second most limiting disability and
until the most limiting excess, which would have the DRIS index greater and positive
(Walworth & Sumner 1987; Bataglia & Santos, 1990). These criteria have been used both to
evaluate the accuracy of the method (Jones, 1981) and for nutritional surveys, when there is the
DRIS as a tool for identifying classes of farms and the distribution of nutritional status
(Beaufils, 1973; Eymar et al., 2001; Hundal et al., 2005, Silva et al., 2009; Sema et al., 2010).

6.2. Interpretation of DRIS index by nutrient application potential response

The interpretation of DRIS index for the nutrient application potential response, was
originated by Wadt (1996). This method of interpretation consists on grouping five
categories of nutrient application potential response (NAPR), by comparing the rates of each
nutrient DRIS with the nutrient balance index average (NBla), which is the arithmetic
average of the module of all DRIS index. The NBla was chosen to be a value that reflects the
average of the deviations of each dual ratio relative to the reference value (Wadt, 1996), as
seen in Table 2.

The nutrient status of "highest deficiency" represents the situation where there is greater
likelihood of positive response with the addition of the nutrient to soil. This positive
response should be represented by higher crop yields, or by improving the quality of the
agricultural product into a commercially desired degree. In turn, the status of "deficiency"
also indicates that it is likely to increase in crop yield with the application of the nutrient,
however, this probability is lower than the nutrient with the highest degree of deficiency
("highest deficiency") (Wadt, 1996).

The status "balanced" means that no crop response is expected in relation to the application
of the nutrient in soil, there would be no response or a response of the crop "null". The
nutrient status of "highest excess" represents the situation where the application of the
nutrient may result in negative response on the crop yield, decreased productivity. Finally,
the status of "excess" indicates that the addition of nutrients in soil may also result in
negative response of the crop and its yield, but that this effect on yield can be controlled by
higher nutrient excess (Wadt, 1996).

As recommended by Wadt (1996) the central concept for the addition of the nutrient to soil
by the nutrient application potential response is that this increase should be considered as
an adjustment in the fertilizer to soil. For example, when it is sure that the nutrient is in a
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Nutricional Criteria Type of nutrient application

potential response

Deficiency IDRISA<O, Positive, with higher probability
|I DRIS A |> NBIa " and 1, is (p)

the index of lower value.

Deficiency-prone I DRIS A <0 and Positive, with low probability
|IDRIS A |>NBla (pz)
Sufficient |IDRIS A|=NBIa Null
@)
Excess-prone I DRIS A >0 and Negative, with a low probability (nz)

|IDRIS A |>NBla

Excess IDRIS A> 0, Negative, with a higher probability
| IDRIS A |>NBlaand 1, is (n)

the index of higher value.

*the NAPR was calculated according to Wadt (1996).
#*NBIa = Nutritional Balanced Index average.

Table 2. Criteria to interpret the DRIS index (I DRIS) by nutrient application potential response
(NAPRY) (Wadt, 1996).

status of balance and adds it to the crop, it will not result in improved yield, yet, it does not
mean that this nutrient should be excluded from the fertilizer recommendation, but that
should be kept at fertilization at the same dosages that had been used.

For extraction of nitrogen in the soil, the extractants that have been used do not show a good
correlation between the contents extracted by plants with the growth of plants or amount
absorbed, and the fertilizer recommendations arising from fertilization of tables that are
constructed by means of average curves response generated under field conditions, with
data from multiple trials and different locations. Thus, it is expected that the diagnostic
system allows adjustments to the amount of each nutrient to be applied, and the
interpretation of DRIS index for the nutrient application potential response a useful tool for
this purpose.

The nutritional diagnosis would be a complementary tool for the recommendation of the
nutritional need of crops, however, it is not feasible to take off the use of soil analysis,
because it is essential to check the evolution of soil fertility, and ability to supply nutrients
(Wadt, 1996).
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The use of nutrient application potential response (NAPR) for interpreting the DRIS index is
well seen in Brazil, where, Wadt (1996), Dias et al. (2011), Serra et al. (2010a,b) and Serra
(2011) (Figure 2) used to interpret the DRIS index in assessing the nutritional status of the
cotton crop, Dias et al. (2011) used the NAPR in the cupuagu crop (Theobroma grandiflorum).
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Figure 2. Percentage of plots diagnosed with the method of interpretation of DRIS index named
nutrient application potential response (NAPR) (Wadt, 1996): (n) Negative response, with a higher
probability; (nz) Negative response, with a low probability; (z) Nula response; (pz) Positive response,
with low probability; (p) Positive response, with higher probability. (1) norms with all dual ratio; (2)
norms with F value; (3) norms with r value (Serra, 2011).

7. Interpretation of leaf contents by Beaufils ranges

The determination of the Beaufils ranges consists in optimal ranges of nutrients for the
assessment of leaf nutrients (Table 3 and 4). This method consists of determining the ranges by
means of statistical models of the relationship between leaf concentrations and DRIS index,
and, Beaufils (1973) found that from the optimal values of DRIS index were determined
intervals of standard deviation of DRIS index for each range of nutritional assessment.
Following this criterion, the range that would include the nutrients that would be deficiency
was below - 4/3 standard deviation (s); deficiency-prone between - 4/3 to 2/3 s; sufficient
between - 2/3 to 2/3 s and a excess-prone 2/3 to 4/3 s; excessive greater than 4/3 s (Table 3).

Thus, it creates the Beaufils ranges, which can be used to interpretate the nutrient
concentration in chemical analysis of leaves (Table 3 and 4). As such use, recommended for
the specific regions where they were certain, because if extrapolated to other region, it is
expected that the results do not follow a favorable response.
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Nutrient Norm Deficiency Tendency Sufficient Tendency Excess
to to
deficiency excess
gkg

N NL <425 42.5-439 439 -46.7 46.7—48.1 >48.1
F value <42.6 42.6-439 43.9 —-46.7 46.7 - 48.1 >48.1

P NL <2.5 25-28 28-33 3.3-35 >3.5

F value <2.5 25-28 2.8-3.3 3.3-35 >3.5

K NL <172 17.2-19.0 19.0 -22.6 22.6 -24.4 >24.4
F value <172 17.2-19.0 19.0 -22.6 22.6 -244 >24.4

Ca NL <252 25.2-275 275-32.1 32.1-344 >34.4
F value <253 253-275 275-32.0 32.0-343 >34.3

Mg NL <3.6 3.6-4.0 40-4.8 48-53 >53

F value <3.6 36 -4.0 40-4.8 48-52 >52

S NL <4.8 48 -8.7 8.7-16.5 16.5-204 >20.4
F value <5.2 52-89 8.9-163 16.3-20.0 >20.0

mg kg’

B NL <40.8 40.8-53.6 53.6-79.4 79.4-922 >92.2
F value <412 41.2-538 53.8-79.2 79.2 -91.8 >91.8

Zn NL <21.7 21.7-249 249 -31.2 31.2-344 >34.4
F value <21.8 21.8-249 249-31.2 31.2-343 >34.3

Cu NL <3.9 39-98 9.8-22.0 22.0-27.9 >27.9
F value <3.7 3.7-9.8 9.8-220 22.0-28.1 >28.1

Mn NL <149 14.9-334 334-70.8 70.8 - 89.3 >89.3
F value <14.9 14.9-334 334-70.8 70.8 - 89.4 >89.4
Fe NL <523 52.3-280.2 80.2 - 136.5 136.5- 1644 >164.4
F value <52.6 52.6—80.4 80.4 - 136.3 136.3 - 164.1 >164.1

Serra et al. (2012)

Table 3. Beaufils ranges determined for the nutritional diagnosis of cotton plants based on DRIS norms

(NL transformation and F value) (Serra et al., 2012).
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Nutrient Norm Deficiency Deficiency- Sufficient Excess- Excess
prone prone

% of plots

N NL 19.44 15.74 38.89 926 16.67
F value 19.44 15.74 39 .81 8.33 16.67
P NL 7.41 19.44 45.37 12.04 15.74
F value 741 19.44 4537 12.04 15.74
K NL 16.67 14.81 44 44 13.89 10.19
F value 16.67 14.81 44.44 13.89 10.19
Ca NL 19.44 17.59 46.30 741 9.26
F value 19.44 17.59 43.52 10.19 9.26
Mg NL 12.04 9.26 31.48 18.52 28.70
F value 12.04 9.26 3148 14.81 32.41
54.63 21.30 11.11 10.19

S NL 278

2037
F value > 50.93 278 18.52
% of plots

B NL 13.89 3333 32.41 926 11.11
F value 14 .81 3241 32.41 9.26 11.11
Zn NL 25.00 25.93 25.93 10.19 12.96
F value 25.93 25.00 25.93 833 14.81
Cu NL 0.00 36.11 42.59 11.11 10.19
F value 0.00 37.96 40.74 11.11 10.19
Mn NL 0.00 2222 55.56 11.11 11.11
F value 0.00 2222 55.56 11.11 11.11
Fe NL 0.93 37.04 50.00 2.78 9.26
F value 0.93 37.04 50.00 2.78 9.26

Serra et al. (2012)

Table 4. Percentage of plots diagnosed by Beaufils ranges as deficient, deficiency-prone, sufficient,
excess-prone or excess leaf nutrient contents of cotton, based on the criteria of natural log
transformation (NL) and F value (Serra et al., 2012).

8. Conclusion

The DRIS developed by Beaufils (1973) had among its objectives, to correct the problem of
correlation with the sampling time of the plant nutrients, and using dual ratio that promote
the relationship among. Hence, improving efficacy of plant nutritional diagnosis allows the
determination of the evaluation of the nutritional balance.
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With the advent of Diagnose and Recommendation Integrated System (DRIS) by Beaufils
(1973), researchers were setting to this system of nutritional diagnosis in order to increase
their efficiency. However, evolution has brought a number of possibilities for calculation of
DRIS” norms and functions, that are needed to be tested to determine the best combination
of methodology.

The use of DRIS is still being widely disseminated in the world, DRIS brings results
consistently good in assessing the nutritional status of plants, showing the nutritional
balance, a fact which is not observed with traditional systems (sufficiency range and critical
level).
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