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BEAUFILS RANGES TO ASSESS THE COTTON NUTRIENT
STATUS IN THE SOUTHERN REGION OF MATO GROSSO®

Ademar Pereira Serra®, Marlene Estevao Marchetti®, Enrique Pouyu

Rojas® & Anténio Carlos Tadeu Vitorino®

SUMMARY

The relationships between nutrient contents and indices of the Diagnosis
and Recommendation Integrated System (DRIS) are a useful basis to determine
appropriate ranges for the interpretation of leaf nutrient contents. The purpo-
se of this study was to establish Beaufils ranges from statistical models of the
relationship between foliar concentrations and DRIS indices, generated by two
systems of DRIS norms - the F value and natural logarithm transformation - and
assess the nutritional status of cotton plants, based on these Beaufils ranges.
Yield data from plots (average acreage 100 ha) and foliar concentrations of macro
and micronutrients of cotton (Gossypium hirsutum r. latifolium) plants, in the
growing season 2004/2005, were stored in a database. The criterion to define the
reference population consisted of plots with above-average yields + 0.5 standard
deviation (over 4,575 kg ha'! seed cotton yield). The best-fitting statistical model
of the relationship between foliar nutrient concentrations and DRIS indices was
linear, with R2> 0.8090, p < 0.01, except for N, with R2=0.5987, p <0.01. The two
criteria were effective to diagnose the plant nutritional status. The diagnoses
were not random, but based on the effectiveness of the chi-square-tested me-
thod. The agreement between the methods to assess the nutritional status was
92.59-100 %, except for S, with 74.07 % agreement.

Index terms: Mineral nutrition, Gossypium hirsutum r. latifolium, leaf analysis,
DRIS.
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RESUMO: FAIXAS DE BEAUFILS PARA AVALIACAO DO ESTADO NU-

TRICIONAL DO ALGODOEIRO NA REGIAO SUL DO MATO
GROSSO

A relagdo entre teores de nutrientes e indices DRIS é uma prdtica titil para determi-
nar faixas adequadas para a interpretagdo dos teores foliares dos nutrientes. Objetivo na
realiza¢do desse trabalho foi criar as faixas de Beaufils a partir de modelos estatisticos da
relagcdo entre teores foliares e indices DRIS, gerados por dois sistemas de normas DRIS:
valor F e transformagdo por logaritmo natural, bem como avaliar o estado nutricional do
algodoeiro, por meio das faixas de Beaufils. Dados de produtividade, de parcelas com
médias de 100 ha, e teores foliares de macro e micronutrientes do algodoeiro (Gossypium
hirsutum r. latifolium), procedente da safra de 2004-2005, foram selecionados para compor
a base de dados. O critério para definir a populagcdo de referéncia consistiu nos talhoes
que apresentavam produtividades acima da média + 0,5 desvio-padrdo (4.575 kg ha'l de
algoddo em carogo). O modelo estatistico da relagdo entre teores foliares de nutrientes e
indices DRIS que teve o melhor ajuste foi o linear, com R? > 0,8090, p < 0,01, com exce¢do
do N, que apresentou R? = 0,5987, p < 0,01. Os dois critérios foram eficientes em diagnos-
ticar o estado nutricional da planta, os diagndsticos ndo foram ao acaso, e sim baseados
na eficdcia do método que foi testado pelo teste do qui-quadrado. A concorddncia entre os
métodos, na avaliagdo do estado nutricional, esteve entre 92,59 e 100 %, com exce¢do do S,
que mostrou 74,07 % de concordancia.

Termos de indexagdo: nutrigdo mineral, Gossypium hirsutum r. latifolium, diagnose foliar,

DRIS.

INTRODUCTION

To interpret the results of traditional chemical
analyses of plant tissue for the assessment of the
nutritional status of cotton plants, the methods
critical level and sufficiency range are used.
They 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. The Diagnosis and Recommendation
Integrated System (DRIS) (Beaufils, 1973) is an
alternative to these traditional appraoches. It
relates the nutrient contents in dual ratios, enabling
the evaluation of the nutritional balance of a plant,
ranking the nutrient levels in relative order, from
the most deficient to the most excessive.

Underlying the DRIS is the concept of nutrient
balance in plant tissue (Baldock & Schulte, 1996).
To be able to determine the nutritional balance, the
DRIS index must be determined for each element in
the chemical analysis of plant tissue. The indices
are derived from the arithmetic mean of the DRIS
functions in which the element is involved.

The calculated deviation between the dual ratios
of the sample and the same ratios of DRIS norms
is positive or negative, depending on the direction
of the dual ratios in relation to the norm. When
the values of these indices approach zero, the dual
ratios of the sample are similar to the DRIS norms,

P Duce M Q1 O9C.171 1Q1 ON1O

in other words, the closer to zero the indices, the
lower is the nutritional imbalance (Beaufils, 1973).

Based on this principle, statistical models have
been adjusted, proposing relationships between
DRIS indices and foliar nutrient concentrations
(Wadt et al., 1998; Urano et al., 2006, Serra et al.,
2010b).

Since the optimal nutrient content corresponds
to a DRIS index of zero, statistical models can be
adjusted to determine the appropriate nutrient
ranges. Beaufils (1973) stated that the standard
deviation (s) of the normal nutrient ranges would
be between -4/3 and 4/3; levels below the minimum
are considered deficient and above the maximum,
excessive. This method is defined in the literature
as Beaufils ranges.

The development of normal nutrient ranges for
each production region is of utmost importance,
since it is observed that farmers use tables based
on sufficiency ranges of regions other than the
production site. Beaufils ranges are useful because
farmers can determine the nutritional status of
a crop in a simple way, based on leaf analysis,
comparing the foliar contents with the Beaufils
ranges.

The purpose of this study was to develop Beaufils
ranges based on statistical models of the relationship
between foliar concentrations and DRIS indices,
generated by two systems of DRIS norms — the F
value and natural log transformation - and use these
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Beaufils ranges to assess the nutritional status of
cotton in southern region of Mato Grosso.

MATERIALS AND METHODS

This study was performed with data from
commercial cotton fields, of the growing season
2004/2005, in southern region of Mato Grosso,
(approximately 12° 41’ S, 45° 40’ W, average
altitude 497 m asl). The soil of the study area was
predominantly Oxisol (Embrapa, 2006). Yield data
of the conventionally tilled varieties DeltaOpal,
DeltaPenta, DeltaPine Acala 90, CNPA ITA 90, and
FiberMax 966 were compiled in a database.

To constitute the database, 108 samples of
complete leaves (blade + petiole), of which each
consisted of 30 single samples, were randomly
selected in each commercial plot (average acreage
100 ha). One sample per plant was taken from the
fifth leaf on the main stem (Malavolta, 2006), during
flowering of the crop (stages F1 to F4), according to
the classification of Marur & Ruano (2001). The
samples were dried in a forced-air oven at 65 °C to
constant weight, ground and sieved (60 mesh cm2).
The seed cotton yield was evaluated at the end of
the cycle, after harvesting the plots with a combine
harvester.

In the leaf samples, the total contents of N, P, K,
Ca, Mg, S, B, Zn, Cu, Mn, and Fe were determined
by the method described by Malavolta et al. (1997).
The information stored in the database and used for
DRIS were the total leaf contents of macronutrients
(g kgl) and micronutrients (mg kg!) and seed cotton
yield (kg ha'l). The database was divided into two
subpopulations, using the mean + 0.5 standard
deviation as criterion to separate the populations
(Silva et al., 2005; Urano et al., 2006, 2007) into a
high-yielding group (over 4,575 kg ha'! (mean + 0.5
standard deviation) and one with seed cotton yield
below 4,575 kg ha'l.

Two methods were used to choose the norms
(mean and standard deviation of the ratios between
nutrients in the reference population), and the
method determined by the F value (Jones, 1981;
Letzsch, 1985, Walworth & Sumner, 1987) and
transformation by natural log (NL) of the ratios
between the nutrient concentrations (Urano et al.,
2006, 2007, Serra et al., 2010a,b).

The determination of the ratio (A/B or B/A) to
establish the norm by the variance ratio method,
the F value, was defined as the variance ratio of
the 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 second approach consisted of the natural log
transformation (NL) of the ratios between nutrient
contents in the reference population, directly using
the ratios between nutrients (A/B), since, when NL is
used for the dual ratios, be it the direct (A/B) or the
inverse form (B/A), both have the same numerical
value, changing only the sign (+ or -).

In each sample to be assessed, the deviations
(DRIS functions) of these sample from the average
values of the same ratios in the reference population
were determined according to Jones (1981), in units
of standard deviation (s) using an adjustment factor
(c) = 1, as suggested by Alvarez V. & Leite (1999):

1HMISRGIRS
The DRIS indices were calculated following the

general formula proposed by Beaufils (1973), where
for nutrient A:

2/ (5)-2 (4l

n

DRIS Index A =

n = number of DRIS functions involved in the
analysis.

After the individual assessment of the model
fitting of regression equations between foliar
nutrient concentrations and DRIS indices, by the
two determination methods of the DRIS norms (F
value and NL), the identity of the methods was
tested. The approach based on the F value was
considered standard (Y;), and then compared with
the alternative method NL (Y)). For the identity
test, the statistical procedure proposed by Leite &
Oliveira (2002) was used.

The above procedure was used to test the
identity of two analytical methods (Y;Y)), using a
combination of the F statistic [F(Hg)], as modified
by Graybill (1976), test of the mean error (t;) and of
the linear correlation coefficient (ry;y;).

Based on these statistics, we propose a decision
rule for testing the hypothesis of identity between
any two analytical methods, ie, groups of values.

The identity between Y1 and Yj was tested by
the model Y; = Bb, + Bb,Y; + ¢;. The hypothesis
Hy: Bby =0 e Bb; = 1 was adjusted and then tested
by comparison with the F(H,) statistic of Graybill
(1976) with the tabulated value Fjq; (2, n-2) and
the MSres (residual mean square of the regression);

B-0)(Yi'Y)(B-0)

F (Ho) = 2MSRe s

~Fy (2n-2G.L)

The condition set for identity between the
methods was: F(H()S < Fyo; (2, n-2), ¢ = 0 (non-
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significant) and ryjy; > (1- |2 |); it was assumed that
the result would be ¥; = Y; for a significance level
of 1 %, where:
Yji
Covthr) T

Y =
v v &

To test the hypothesis Hy: @ = 0, the statistic
e—0

te=

> was used with Sé:%; adopting n-1 degrees
of freedom and o =1 %. Ifte >t, (n-1), the hypothesis

Hj is rejected. On the other hand, if te < t, (n-1),
the hypothesis H is accepted, indicating that the
observed difference between the two methods was
random and that the approaches are identical,
however, the decision of the identity test equations
must be based on the other criteria, F(H,) and ry;y;,
as well.

The DRIS indices were interpreted by the
Beaufils ranges, by forming five classes, according
to the standard deviation range (s) of DRIS indices
from the reference population, where: deficient
nutritional status < -4/3 s; deficiency-prone = -4/3
to -2/3 s; sufficient = -2/3 to 2/3 s; tendency to excess
= 2/3 s 4/3 s; excessive levels > 4/3 s.

For both methods, the hypothesis whether the
frequency at which each nutrient appeared as
deficient had been randomly attributed was tested.
For this purpose, the chi-square test (y2) of Pearson
was applied at 1 % probability, with n-1 degrees of
freedom (n = number of analyzed nutrients). If the

37 § =-4.3788+0.0987**x R%=(.5540

NDRIS I
(NL norms)

2 NITROGEN (g kg'!)
2. ¥ =-2.9709+1.0078**x R*=0.7399

PDRISI
(NL norms)

KDRISI
(NL norms)

s °
2] (®§ = .3.1788+0.1567**x R2=0.7952
3l ° POTASSIUM (g kg

hypothesis were true, the observed frequencies for
all nutrients would be statistically equal to each
other (Urano et al., 2006; Serra et al., 2010a). The
expected (EF) and observed frequencies (OF) were
calculated as follows:

Total number of plots evaluated
Number of nutrients evaluated

EF(%):[( )/(Tatal number of plots evaluated)] 100

OF (%) = ( Total number of plots evaluated ) 100

Number of nutrients evaluated

k  (OF;- EF)?

=21

-1 EF; ]

The assessment of the nutritional status by the
two methods was compared by the frequency of
coincident diagnoses obtained by the norms defined
by the F value and those obtained by natural log
transformation (NL).

Statistical analysis was performed using the
program SAEG 9.1 (Ribeiro Junior, 2001), and
the other DRIS calculations with Excel ® (2010)
spreadsheets (Microsoft Corporation, 2010).

RESULTS AND DISCUSSION

The relationship between DRIS index and foliar
nutrient allowed two fittings of equations, linear
and quadratic (Figures 1, 2, 3, and 4). Silveira et
al. (2005a) stated that the best-fitting model was
linear and logarithmic, as also reported by Guindani
et al. (2009).

3

y =-4.1377+0.0944%#x  R* = 0.4980
z
g
23
o a
25
zg
)
2 NITROGEN (g kg')
2, ¥ =-3.0472+1.0331%*x R*=0.7345
=z
~ £
22
o~
ag
-9
>
=
2
2
o a
es
M g -3 §z=-3.6136+0.1762**x R2=10.7663
w4
S
6 POTASSIUM (g kg'h)

Figure 1. Relationship between the primary macronutrient (reference and non-reference population) and
their respective DRIS indices (DRIS I), generated by the norms based on the criterion of natural log
transformation (NL) (a, c and e) and the norms determined by the F value (b, d and f). ** Indicates

P <0.01.
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Figure 2. Relationship between the macronutrient levels (reference and non-reference population) and
their respective DRIS indices (DRIS I), generated by the norms based on the criterion of natural log
transformation (NL) (a, ¢ and e) and the norms defined by F value (b, d and f). ** p <0.01.
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Figure 3. Ratio between the levels of the micronutrients (reference and non-reference population), boron,
zinc and copper and their respective DRIS indices (DRIS I), generated by the norms based on the
criterion of natural log transformation (NL) (a, ¢ and e) and the norms defined by the F value (b, d
and f). ** p <0.01.
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Figure 4. Ratio between the levels of micronutrients (reference and non-reference population), manga-
nese (Mn) and iron (Fe) and their respective DRIS indices (DRIS I), generated by the norms based
on the criterion of natural log transformation (NL) (a and c) and the norms defined by F value (b

and d). ** p <0.01.

The micronutrients had a greater coefficient of
determination (R2) than the macronutrients, (over
0.90, p < 0.001), except for Zn (Figure 3c,d), which
shows that there is greater dependency of the DRIS
indices on the content of the element itself than on
the other nutrients involved in the calculation of
DRIS indices (Figures 3 and 4).

It was noted that the relationship between DRIS
indices and foliar concentrations was significant
(p < 0.01) for all nutrients. Lowest DRIS indices
were associated with the lowest leaf levels,
increasing the reliability of the DRIS norms, since
the approaches indicated the nutritional limitations
correctly (Figures 1, 2, 3 and 4). However, N was
the nutrient with the lowest R2 (Figure 1a,b).

Reis Junior et al. (2002) found a strong positive
correlation (p < 0.01) between foliar concentrations
and the DRIS index, confirming the hypothesis that
the system effectively diagnoses the nutritional
status. However, they observed the lowest
correlation coefficients (0.47 and 0.55, respectively)
for the nutrients N and S. In addition, Silveira et al.
(2005a), Nachtigall & Dechen (2007b), and Guindani
et al. (2009) also reported this performance for N.

The coefficient of determination (R2) is an
important parameter to indicate the model fitting
of regression equations, however, this parameter
alone is not sufficient to define whether two tested
methods are identical or not. Thus, the hypothesis
of identity was tested for the two analytical methods,
as proposed by Leite & Oliveira (2002).

In the identity test (Table 1), the F(H;) value
was between 6.24 ** and 91.85 **, significant at
1 % probability. This test result for F(H;) showed
that the hypothesis Hy: Bo =0 e B; = 1 was rejected,
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accepting the alternative hypothesis that B, and
B, are different from 0 and 1, respectively. In the
test of mean error (t;), no significance was found,
in other words, the observed differences between
methods were caused randomly, however, the value
of ryjy; = (1-|2|) was higher in most cases, except
for Zn.

Taking into account the parameters of the
identity test proposed by Leite & Oliveira (2002)
for decision making, it was concluded that the two
tested methods of choice for DRIS norms, F value
and NL, result in different DRIS indices, which
are not coincident (Table 1). Therefore, according
to Leite & Oliveira (2002), the projected values of
DRIS indices would be coincident if: F(H, were not
significant at 1 % probability; te not significant at
1 % probability, and ryjy;=(1-12]). Since no such
situation occurred, it was concluded that the tested
methods were not identical.

Taking into account that the plant is nutritionally
balanced when the DRIS indices are close to zero
(Walworth & Sumner, 1987; Beverly, 1991), the leaf
nutrient concentrations were established according
to this point of nutritional balance.

Based on the relationship between DRIS indices
and nutrient contents in leaf samples of the high-
yielding population, it was possible to determine
the normal nutrient ranges, the so-called Beaufils
ranges. The best-fitting statistical model was
linear, p < 0.01 (Table 2) and used to generate the
ranges (Table 3), following the recommendations of
Beaulfils (1973).

The two ways of calculating the norms resulted
in similar Beaufils ranges, not dissenting from each
other (Table 3). The coefficient of determination (R?)
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Table 1. Results of the identity test ) of the analytical models (Y1Y))

Method
=20 Bo By ry,  Meanemror gy, v Conclusion
Standard Alternative al (©) € a-|gl
DRIS index

FvalueN  NLN®@ 0.0065 1.075"  0.9931 -0.1035 32.06™ -1.424ns Yes Y2 Y,
F value P NL P -0.0018 1.026™  0.9935 0.0111 31.81"* 0.2030s Yes Y, # Y,
FvalueK  NLK -0.0397 1.126"™  0.9650 -0.0401 33.20™ -0.452ns Yes Y, £ Y,
FvalueCa  NLCa 0.0114  0.919"  0.9856 -0.1189 14.29™ .0.761n Yes Y, Y,
f,lg"alue NL Mg 0.0574 1.1671*  0.9825 -0.0598 91.85™ -1.134vs Yes Y, £ Y,
Fvalue S NL S 0.2177 -0.2903"  0.9705 -0.2933 6.24" -0.594n Yes Y, Y,
FvalueCu  NL Cu 0.015  1.0742"  0.9667 0.0941 17.13"  3.53m Yes Y, Y,
F value B NL B .0.0231  1.0444"  0.9912 -0.0046 15.72" .0.08ns Yes Y £ Y,
FvalueFe  NLTFe 0.0063 1.0414"  0.9892 0.0505 9.98"  0.60"s Yes Y2 Y,
FvalueZn  NLZn 0.0248 1.1144"  0.9683 0.0111 31.81"  0.2030s No Y %Y,
FvalueZn  NLMn  -0.0523 1.0007"  0.9936 0.0321 14.97  0.759 Yes Y, %Y,

(M According to the method proposed by Leite & Oliveira (2002). @ Natural logarithm (NL). ** significant at 1 %. ns: not significant.

Table 2. Statistical model of the ratio between macronutrients (g kg!) and micronutrients (mg kg!) and
DRIS indices. Norms were defined by two criteria [natural log transformation (NL) and F value] of
data of a reference population

Nutrient Norm Statistical model R2
Macronutrient
N NL N=45.3387+4.2423**1 0.6097
F value N=45.3387+4.0230%*Iy 0.5987
P NL P=3.0390+0.6693**Ip 0.8592
F value P=3.0390+0.6941**Ip 0.8452
K NL K=20.8089+4.3555%*I 0.8640
F value K=20.8089+4.4115%*I ) 0.8565
Ca NL Ca=29.7813+7.4239%*1, 0.8214
F value Ca=29.7813+7.2304%*1, 0.8084
Mg NL Mg=4.4171+1.0542%*Iy, 0.8524
F value Mg=4.4171+1.0118**Ty, 0.8474
S NL S=12.5970+6.4692**I4 0.9697
F value S=12.5970+6.4565%*I¢ 0.9162
Micronutrient
NL B=66.4886+24.7756%*I 0.9292
B F value B=66.4886+25.1729%*Ip 0.9156
NL Zn=28.0453+7.8985%*1,, 0.9002
Zn F value Zn=28.0453+7.9399%*1,, 0.8937
NL Cu=15.9013+9.6290%*1 ¢, 0.9734
Cu F value Cu=15.9013+10.2203%*I, 0.9779
NL Mn= 52.1271+ 31.6732**I,;, 0.9421
Mn F value Mn= 52,1271+ 32.5993%*Iy, 0.9424
NL Fe= 108.3468+ 50.3119%*Ip, 0.9657
Fe F value Fe= 108.3468 + 52.0092%*Ip, 0.9599
** p<0.01.
was higher than 0.8090, p < 0.001, for most nutrients The hypothesis of randomness of the results

except N, which had the lowest R2 [0.6097 (NL) diagnosed as deficient was tested by chi- square
and 0.5987 (F value)] but was significant (p <0.01) (Table 4). The test was effective (p < 0.01) to prove
(Table 3). that the results were not random but that the
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calculation of the DRIS system, using two criteria

norms, was effective in diagnosing the nutritional
status, rejecting the hypothesis that the deficiency
had been randomly diagnosed by DRIS.

Ademar Pereira Serra et al.

Urano et al. (2006) reported similar results in
an evaluation of the nutritional status of soybean
and Serra et al. (2010a, b) in an assessment of the

nutritional status of cotton plants by the methods

Table 3. Beaufils ranges determined for the nutritional diagnosis of cotton plants based on DRIS norms
(NL transformation and F value)

Nutrient Norm Deficiency Tendency to deficiency Sufficient Tendency to excess Excess
g kgl
N NL <42.5 42.5-43.9 43.9-46.7 46.7-48.1 >48.1
F value <42.6 42.6-43.9 43.9-46.7 46.7-48.1 >48.1
P NL <2.5 2.5-2.8 2.8-3.3 3.3-3.5 >3.5
F value <2.5 2.5-2.8 2.8-3.3 3.3-3.5 >3.5
K NL <17.2 17.2-19.0 19.0-22.6 22.6-24.4 >24.4
F value <17.2 17.2-19.0 19.0-22.6 22.6-24.4 >24.4
Ca NL <25.2 25.2-27.5 27.5-32.1 32.1-34.4 >34.4
F value <25.3 25.3-27.5 27.5-32.0 32.0-34.3 >34.3
Mg NL <3.6 3.6-4.0 4.0-4.8 4.8-5.3 >5.3
F value <3.6 3.6-4.0 4.0-4.8 4.8-5.2 >5.2
S NL <4.8 4.8-8.7 8.7-16.5 16.5-20.4 >20.4
F value <5.2 5.2-8.9 8.9-16.3 16.3-20.0 >20.0
mg kgt
B NL <40.8 40.8-53.6 53.6-79.4 79.4-92.2 >92.2
F value <41.2 41.2-53.8 53.8-79.2 79.2-91.8 >91.8
7n NL <21.7 21.7-24.9 24.9-31.2 31.2-34.4 >34.4
F value <21.8 21.8-24.9 24.9-31.2 31.2-34.3 >34.3
Cu NL <3.9 3.9-9.8 9.8-22.0 22.0-27.9 >27.9
F value <3.7 3.7-9.8 9.8-22.0 22.0-28.1 >28.1
Mn NL <14.9 14.9-33.4 33.4-70.8 70.8-89.3 >89.3
F value <14.9 14.9-33.4 33.4-70.8 70.8-89.4 >89.4
Fe NL <52.3 52.3-80.2 80.2-136.5 136.5-164.4 >164.4
F value <52.6 52.6-80.4 80.4-136.3 136.3-164.1 >164.1

Table 4. Chi-square test and values of observed and expected frequencies (%) for N, P, K, Ca, Mg, S, B, Zn,
Cu, Mn, and Fe as deficient nutrients by the DRIS method; norms transformed by natural log (NL)
and F value

N . DRIS-NL DRIS-F value
utrient OF(M EF® (OF-EF)2/EF OFM) EF(M (OF-EF)/EF

N 19.44 9.09 11.79 19.44 9.09 11.79
p 7.41 9.09 0.31 7.41 9.09 0.31
K 16.67 9.09 6.32 16.67 9.09 6.31
Ca 19.44 9.09 11.78 19.44 9.09 11.79
Mg 12.04 9.09 0.96 12.04 9.09 0.95
s 2.78 9.09 4.38 7.41 9.09 0.31
B 13.89 9.09 2.53 14.82 9.09 7.33
Zn 25.0 9.09 27.84 25.93 9.09 31.18
Cu 0 9.09 9.09 0 9.09 9.09
Mn 0 9.09 9.09 0 9.09 9.09
Fe 0.93 9.09 2.53 0.93 9.09 7.33
2 86.63%* 95.50%*

(1) OF and EF: observed and expected frequencies, respectively. ** p < 0.01.
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DRIS and CND (Compositional Nutrient Diagnosis).

In the analysis of the nutritional status of the
plots, Zn was most frequently diagnosed as deficient,
followed by Ca and N (Table 6), with agreement
between the criteria of norm establishment.
However, S had the highest percentage of deficiency-
prone plots (Table 5).

These tables of ideal nutrient ranges are only
recommended in the regions where they were
developed, for their use in other regions can produce
unfavorable results. The same is true for the DRIS
norms, because the Beaufils ranges are derived
from statistical models based on DRIS procedures,
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indicated for specific regions. So far it has been
observed that specific norms for each climate and
soil region are more efficient than general norms
for different regions. In view of the absence of
universal norms, Silva et al. (2005) suggested the
use of specific rather than of general norms.

The percentage of agreement of the diagnosed
nutritional status was 74.07-100 % among the
plots evaluated (Table 6). Coincidence was lowest
between the methods for S (74.07 %). However,
the percentage of plots in which S deficiency was
diagnosed was higher by the F value (7.41 %) than
by the other criterion (2.78 %).

Table 5. Percentage of plots diagnosed by Beaufils ranges as deficiency, deficiency-prone, sufficient,
excess-prone or excess leaf nutrient contents of cotton, based on the criteria of natural log transfor-

mation (NL) and F value

Nutrient Norm Deficiency Deficiency-prone Sufficient Excess-prone Excess
% of plots

N NL 19.44 15.74 38.89 9.26 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 7.41 19.44 45.37 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 7.41 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 31.48 14.81 32.41

S NL 2.78 54.63 21.30 11.11 10.19
F value 7.41 50.93 20.37 2.78 18.52

B NL 13.89 33.33 32.41 9.26 11.11
F value 14.81 32.41 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 8.33 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 22.22 55.56 11.11 11.11
F value 0.00 22.22 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

Table 6. Frequency of plots with consistent diagnoses of the nutritional status, determined by the F value

and natural log transformation (NL)

Norm N P K Ca Mg

Zn Cu Mn Fe Mean

Fvalue vs NL  99.07 100 100 94.44

%

92.59

74.07 98.15 94.44 9815 100 100 95.54
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CONCLUSIONS

1. The identity test confirmed that the methods
of dual ratios to establish DRIS norms are not
identical, i.e., the use of the F value or natural log

transformation (NL) generates different estimates
for DRIS indices.

2. Even when the norms are determined by
different criteria [F value and NL], the assessment
of the nutritional status by the method of Beaufils
ranges converges, with diagnosis agreement of over
92.59 %, except for S, with a coincidence of 74.07 %.

3. By the Beaufils ranges developed in this study,
it is possible to diagnose the nutritional status of
cotton plants in the southern region of Mato Grosso,
by comparisons of nutrient levels in leaf samples.
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