DRIS norms validation for sugarcane crop®

Roberto dos Anjos Reis Junior® and Pedro Henrique Monnerat®

Abstract — The objectives of this study were to evaluate the relationship between the diagnosis and
recommendation integrated system (DRIS) indices and foliar nutrient concentrations, to establish
optimum foliar nutrient concentrations with DRIS and to validate the DRIS norms for sugarcane crop.
Foliar nutrient concentrationsfrom 126 sugarcane commercial fieldswere analyzed during the 1996/97
season, to calculate DRISindices. Regression analysiswas used to fit amodel relating DRISindicesto
nutrient concentrations. Experiments were carried out during the 1997/98 season, whose treatments
consisted of the addition of the most limiting nutrients according to DRIS. A new diagnosis was
performed. At the end of 1997/98 season, the yields of each plot were collected. Analysis of variance
and Duncan test (5%) were used for the evaluation of the collected data. There was a positive and
significant relationship between sugarcane foliar nutrient concentrations and DRIS indices. The opti-
mum foliar nutrient concentrationsfor sugarcaneare: 13.4 g ha for N, 1.91 g ha* for B, 12.2 g ha* for
K, 2.99 g ha'for Ca, 2.15 g ha' for Mg, 1.61 g ha* for S, 4.48 mg ha* for Cu, 67.8 mg ha* for Mnand
11.7 mg ha for Zn. DRIS norms evaluated are useful to correct nutritional imbalances and to increase
sugarcaneyield.

Index terms: Saccharum officinarum, foliar nutrient content, plant analysis, nutritional status,
productivity.

Validagédo de normas DRI S para a cultura da cana-de-agtcar

Resumo — Os objetivos deste trabalho foram avaliar a relagéo entre os indices DRIS (Diagnosis and
Recommendation Integrated System) e os teores foliares de nutrientes, estabelecer teores foliares
adequados de nutrientes com o DRIS e validar normas DRIS para a cana-de-agUcar. Teoresfoliaresde
nutrientes de 126 lavouras comerciais de cana-de-agUcar foram analisados durante asafra 1996/97, para
o céculodeindicesDRIS. Andlise deregressdo foi utilizada para ajustar model o relacionando indices
DRIS eteoresfoliares de nutrientes. Os experimentos foram conduzidos na safra 1997/98, e os trate-
mentos consistiram na adi¢do dos nutrientes mais limitantes de acordo com a diagnose fornecida pelo
DRIS. Posteriormente, novadiagnose nutricional foi realizada. No final dasafra1997/98, foram avali-
adas as produtividades das parcel as experimentais. Andlise de variancia e teste de médias (Duncan, 5%)
foram utilizados na avaliag&o dos dados coletados. Houve relagdo positiva e significativa entre teores
foliares e indices DRIS. Osteores foliares adequados de nutrientes estabelecidos foram: 13,4 g ha!
deN; 1,91 ghatdeP; 12,2 g hatdeK; 2,99 g ha' de Ca; 2,15 g ha' de Mg; 1,61 g ha' de S; 4,48 mg hat
de Cu; 67,8 mg ha'de Mne11,7 mg ha' de Zn. As normas DRIS avaliadasforam Uiteis nacorregdo dos
desequilibrios nutricionais e no aumento da produtividade da cana-de-agUcar.

Termos para indexagdo: Saccharum officinarum, teor foliar de nutrientes, andlise vegetal, estado
nutricional, produtividade.
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interpreting plant-tissue analysis. Thismethodol ogy
has received considerable attention since it was
developed by Beaufils (1973).

The DRIS system makes multiple two-way
comparisons between the levels of various plant
nutrients and integrates these comparisons into a
seriesof nutrient indices (Walworth et d., 1986). The
DRISindex scalethat resultsfrom those cal cul ations
is continuous and easy to understand (Baldock &
Schulte, 1996). Thismodel isdesigned to determine
when the nutrient contents of crops are excessive
(positive indices), adequate (zero indices) or
deficient (negative indices). Development of the
DRIS for use with a crop involves compiling a
database (Payne et al., 1990) from which optimum
ratios (mean and coefficient of variance) for all
nutrient combinationsare determined (Snyder et .,
1989), called DRIS norms.

Severa authors have affirmed that, after being
developed for a plant species, the DRIS norms can
be used irrespective of the cultivar grown or local
conditions (Sumner, 1979; Walworth & Sumner,
1987; Payne et a., 1990), but others found that
locally developed DRIS norms are more accurate
than the broad based norms in their nutrient
diagnoses (Dara et a., 1992; Jones Junior, 1993).
This demonstrates that DRIS norms, calculated on
thebasisof finite sets of field data, must betested to
insure validity and accuracy (Walworth & Sumner,
1987). To do this, DRIS diagnosis are usually
conducted on greenhouse or field-grown plantsfrom
fertilizer surveys. Caldwell et al. (1994) used
NxPxKxS and NxPxK factorials to evaluate DRIS
norms for onions, in which the diagnoses were
considered accurate, if the next tresatment containing
thenutrient identified aslimiting resultedinanyield
increase.

Therelationship between yield and plant nutrient
concentration is a premise to use the plant analysis
asdiagnostic criterion. So, the relationship between
nutrient concentration and DRIS indices may be a
valuable criterion to validate the DRIS norms. If
there is a relationship between plant nutrient
concentration and DRISindex, thisindex can be used
to makenutritional diagnosis. Probably, thisisanew
way to validate DRIS norms. This fitted model
between nutrient concentration and respective DRIS
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index probably shows negative and positive DRIS
index, and it could be used to determine optimum
foliar concentration, because the nutrient foliar
concentration at null DRIS index possibly do not
limit crop yield. If the crop shows nutrient
concentrations higher or lower than this optimum
value, the crop shows positive or negative DRIS
indicesrespectively, which indicate yield limitation
by nutritional excess or deficiency.

The objectives of this study were to evaluate the
relationship between DRISindicesand foliar nutrient
concentrations, to establish optimum foliar nutrient
concentrationswith DRIS and to validate the DRIS
norms for sugarcane crop.

Material and Methods

The relationship between DRIS indices and foliar
nutrient concentrationswere eval uated with the sugarcane
foliar nutrient concentrations from the database built by
Reis Junior & Monnerat (2003). DRIS indices for all
database were established with DRIS norms devel oped
by Reis Junior & Monnerat (2003), according to Beaufils
(1973), through a sheet developed in MS-Excel 2000 for
IBM-PC. The sensitivity coefficient (k) used in DRIS
calculationswas equal to ten. Regression analysiswas used
tofitamodel that relates DRI Sindicesto nutrient contents
as the independent variable. The best fitting model was
chosen among the linear and logarithm [y = a+ b In(x)]
models. The optimum foliar concentrations with DRIS
were established by the determination of the nutrient
content that produce the null DRIS index.

Field experiments were used to validate sugarcane
DRISnorms(ReisJunior & Monnerat, 2003). L eavesfrom
three sugarcane ratoon experiments, conducted at
Bambuzal (field 1), Duas Barras Il (field 2) and
Fazendinha(field 3), inthe State of Rio de Janeiro, Brazil,
were sampled and analyzed during the 1996/97 season.
Themethod of sampling and chemicad tissueanalysiswere
described in Reis Junior & Monnerat (2003). DRISindices
were calculated with the results of these foliar analyses.
The sensitivity coefficient (k) used in DRIS calculations
was equal to ten.

At the end of the 1996/97 season, the yield of each
field was determined and a fertilizer survey was carried
out in each field after sugarcane harvest. The respective
results of foliar analysis, DRIS indicesand yield from the
1996/97 season are in Table 1. These results of foliar
analysis were also compared with the sufficient range for
sugarcane proposed by Orlando Filho & Campos (19753,
1975b), Orlando Filho & Haag (1976), Orlando Filho &
Zambello Junior (1977), Orlando Filho et al. (1979, 19804,
1980b, 1980c) and Malavoltaet al. (1997).
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After sugarcane harvest of 1996/97 season, soil samples
were collected from alayer of 0-200 mm and 200-400 mm
in the fields 1, 2 and 3. Each composite soil sample was
made up from 15 simple samples randomly collected, in
the planting rows and in an area of 1 ha, approximately.
Soil physical and chemical (pH and P, K, Ca, Mg and Al
concentrations) features were determined according to
Embrapa (1979) (Table 2). A fertilizer survey wascarried
out in each sampled field during 1997/98 season, as
described bel ow.

The treatments of the experiments consisted of the
addition of the most limiting nutrients according to DRIS
and sufficient range. ThisDRIS diagnosis was performed
with preliminary DRIS norms based on yield expectation
of the samples collected during 1996/97 season. After the
fertilizer survey installation, some expected yields from
the sampled fields (data bank) were not confirmed, which
resulted in differences between the preliminary and
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definitive DRIS norms. Thus, some nutrients that were
not indicated aslimiting were used in the experiment, while
others, that were indicated as limiting, were not used.

Nitrogen and zinc showed negative DRIS indices and
foliar concentrations below the sufficient range, while Cu
showed afoliar content below the sufficient range in the
1996/97 diagnosisin the experiment at Bambuzal (field 1)
(Table 1). Therefore, thetreatmentswere: control and N +
Cu+ Zn. The prior sugarcane harvest in this field was
performed on 7/1/97, and on 8/4/97 N (100 kg ha'l as
urea), Cu (6 kg ha'l asCuS0O,4) and Zn (6 kg ha'l asZnSOy)
were banded close to the sugarcane rows only inthe N +
Cu + Zn treatment. The experiment was set up in
randomized blocks, replicated four times. Each plot
consisted of 14 rows of 80 m spaced 1.2 m and the useful
rowswerethose 12 central. All plotsreceived 100 kg ha'l
of KCI. On 7/7/98 sugarcane variety RB 73-9735 was
harvested and yield was evaluated.

Table 1. Foliar nutrient contents, DRIS indices, nutrient balance index (NBI) and yield of three sugarcane fields, at
Bambuzal, Duas Barras || and Fazendinha, in the State of Rio de Janeiro, Brazil. 1996/1997.

Variable N-org P K Ca Mg S Cu Mn Zn NBI Yield
(gkg™ QLD E— (Mg ha)

Bambuzal
Foliar content  12.8%9  2.06 112 4639 289 1679 550 670 1140 50 773
DRISindices -6 1 2 10 6 -4 8 -2 -11

DuasBarras 1

Foliar content 126 1.37® 100 338® 1650 078 4170 1395 9.15%Y 160 39.0
DRISindices 4 -10 4 9 -8 -50 7 56 -12

Fazendinha
Foliar content  10.99 251 8.810 722 354 1080 5260 644 1440 158 735
DRISindices  -19 16 -15 34 17 -41 5 4 7

(MConcentration below sufficient range.

Table 2. Soil chemical analysis of the fertilizer trials at Bambuzal (field 1), Duas Barras |1 (field 2) and Fazendinha

(field 3), in the State of Rio de Janeiro, Brazil. 1997/1998.

Field pH P K Ca Mg Al H+Al  Sand Sand Silt Clay
coarse  fine
----- (mg kg?) === === (mmol. kg®) (LT E———
0-200 mm layer
1 6.2 3 140 39 42 1 29.7 30 140 290 540
2 4.8 4 150 20 17 13 61.0 237 116 a7 600
3 5.6 4 103 62 34 0 54.5 48 89 343 520
200-400 mm layer

1 6.2 1 112 29 41 0 24.8 30 90 280 600
2 4.7 2 45 10 10 15 46.0 295 177 28 500
3 5.9 3 65 54 28 0 49.5 45 99 316 540
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Sulfur and P showed negative DRISindicesand afoliar
content below sufficient range, while Cu showed afoliar
content below the sufficient rangeinthe 1996/97 diagnosis
in the experiment at Duas Barras |l (field 2) (Table 1).
Therefore, the treatments were: control, P+ S+ Cu; S+
Cu and S. The prior sugarcane harvest in this field was
performed on 9/12/97, and on 10/12/97 P (41 kg ha® of
P,Os as single superphosphate), S (50 kg hal as gypsum)
and Cu (6 kg hal as CuSO,) were banded close to the
sugarcanerows. The experiment was set up in randomized
blocks, replicated four times. Each plot consisted of eight
rowsof 90 m spaced 1.2 m and the useful rowswerethose
six central. All plotsreceived 230 kg ha of 25-0-25. The
sugarcane (variety SP 70-1143) harvest and yield
evaluation were anticipated to 7/14/98 because of an
accidental sugarcane burning which happened in thisfield.

Nitrogen, K and S showed negative DRI S indices and
foliar concentrations below the sufficient range in the
1996/97 diagnosisin the experiment at Fazendinha(field 3)
(Table 1). Therefore, the treatmentswere: control and N +
K + S. The prior sugarcane harvest in this field was
performed on 9/23/97, and on 10/19/97 N (100 kg hal as
ammonium sulfate and urea), K (90 kg hal of KO asKCl)
and S (50 kg hal as gypsum) were banded close to the
sugarcanerows. The experiment was set up in randomized
blocks, replicated four times. Each plot consisted of 14
rowsof 100 m spaced 1.2 m and the useful rowswerethose
12 central. On 10/23/98, sugarcane (variety RB 73-9735)
was harvested and yield was evaluated.

Throughout the growing season, the production system
was managed, according to the management practices
recommended in the region, which included irrigation as
needed. Leaf samples were collected in each plot of the
experiment, four months after plant sprouting, analyzed
as described by Reis Junior & Monnerat (2003), and then
anew diagnosis was performed with DRIS.

Analysis of variance and Duncan test (5%) were used
for the evaluation of the collected data.

Results and Discussion

Statistical models were fitted between all foliar
nutrient concentrations and respective DRI Sindices.
All DRIS indicesincreased with respective nutrient
concentrations. Thefitted models show pointswhere
the DRIS indices are equal to zero (Figure 1). The
nutrient foliar concentration at these points possibly
donot limit cropyield becauseits DRISindex is null.
It was possible to make this hypothesis because the
database used to fit these model swas built with only
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one sampling time, and thus, the plant age effect on
nutrient concentration is discharged, which allowed
the nutrient concentration associated to null index
to be used in nutritional diagnosis, similarly to the
adequate level. This can be anew way to determine
optimum nutrient concentrations to obtain high
yields. The optimum foliar nutrient concentrations
for sugarcaneare: 13.4 g halforN, 1.91 g halforP,
122 g halforK,2.99 g ha'for Ca, 2.15 g ha'for Mg,
1.61 g halforS, 4.48 mg halfor Cu, 67.8 mg halfor
Mnand 11.7 mg halforZn.Only N, Ca, S, Cuand Zn
contents were below the sufficient range proposed
by Orlando Filho & Campos(1975a, 1975b), Orlando
Filho & Haag (1976), Orlando Filho & Zambello
Junior (1977), Orlando Filhoet d. (1979, 1980a, 1980b,
1980c) and Mdavoltaet al. (1997).

There was not a significant difference between
foliar nutrient contents and sugarcane yield on
treatment control and N + Cu + Zn in the field 1,
athough the application of N, Cu and Zn fertilizer
was performed. Copper and Znlimitation, according
to DRIS, observed in the 1996/97 season was
observed aso during the diagnosis realized in the
1997/98 season (Table 3). Calciumand Mnlimitation
also appeared during the last diagnosis according to
DRIS. Nitrogen, Ca, Cu, Mn and Zn content during
the 1997/98 diagnosiswere bel ow the sufficient ran-
ge proposed for sugarcane.

The mean sugarcane yields obtained in thisfield
during the 1996/97 and 1997/98 seasonswere higher
than the average yield of Brazil. Probably the low
Nutrient Balance Index (NBI) found with DRISduring
the 1996/97 diagnosis and the fact that the DRIS
indices are near to zero indicate that any nutritional
correction should not be donein thisfield even with
the presence of negative DRIS indices. There are
authors that do not consider a nutrient deficiency
when the DRISindicesare negative and near to zero.
Soltanpour et a. (1995) takeinto consideration only
DRIS indices of -7 or lower to indicate nutrient
deficiency incorn.

Only foliar S concentration was significantly
affected by thetreatments (p<0.01) inthefield 2. The
application of P and Cu fertilizer did not increased
foliar P and Cu concentration, but the application of
Sfertilizer increased foliar S content. The P, S and
Mg limitation according to DRIS observed in the
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Figure 1. Relationship between N, P, K, Ca, Mg, S, Cu, Mn and Zn DRIS indices (I) and respective

foliar contents.
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Table 3. The mean foliar content (FC), DRIS indices (DI), nutrient balance index (NBI) and sugarcane yield from the
fertilizer surveys, at Bambuzal, Duas Barras || and Fazendinha, in the State of Rio de Janeiro, Brazil. 1997/19981).

Treatment N P K Ca Mg S Cu Mn Zn X NBI Yield
e (mgkg™) ----- (Mg ha™,
Bambuzal
Mean FC 164 226 131 307 338 271 49 354 150
values DI 7 4 2 -6 12 26 -2 -44 1 0 104 86.9
DuasBarras|I
Control FC 153 154 109 201 148 131b 353 1330 144
DI 9 -8 1 -16 -16 -13 -12 42 13 0 130 43.1
P+S+Cu FC 153 154 109 201 148 145a 353 1330 144
DI 8 -8 0 -16 -17 -7 -13 41 12 0 122 43.1
S+Cu FC 153 154 109 201 148 145a 353 1330 144
DI 8 -8 0 -16 -17 -7 -13 41 12 0 122 43.1
S FC 153 154 109 201 148 146a 353 1330 144
DI 8 -8 0 -16 -17 -7 -13 41 12 0 122 43.1
Fazendinha
Control FC 121 258 863 440 231 147 376 468 165
DI -7 22 -13 12 1 -9 -13 -15 22 0 114 83.5
N+K+S FC 1441 258 959 440 316 172 428 4681 1654
DI -1 15 -11 9 10 -4 -10 -21 13 0 94 104.7

(WFor the same location values in the same column followed by the same letter do not differ at 5% of probability by the Duncan test.

1996/97 season repeated during the diagnosis carried
out inthe 1997/98 season. Foliar N, P, Ca, Mg, S, Cu
and Zn concentration in the treatment control during
the 1997/98 diagnosiswere below the sufficient ran-
ge proposed for sugarcane.

The NBI was reduced with the application of S
fertilizer, which indicatesthat the application of this
fertilizer aids the crop to be near the nutritional ba-
lance. Theyield did not increase with the application
of fertilizers. Probably, the reduction of the sugarcane
cycle, interms of the accidental sugarcane burning,
did not allowed the appearance of yield differences
between the treatments (Table 3).

Theapplication of N+K+Sfertilizer increased foliar
N (p<0.01), K (p<0.05), Mg (p<0.01), S (p<0.01), and
Cu concentration (p<0.05) inthefield 3. Nitrogen, K
and S limitation according to DRIS observed in the
1996/97 season repeated during the diagnosis carried
out in the 1997/98 season (Table 3). Copper and Mn
limitation also appeared in the treatment control
during thelast diagnosisaccording to DRI S. Nitrogen,
K, Ca, S, Cu, Mn and Zn content in the treatment
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control during the 1997/98 diagnosiswere below the
sufficient range proposed for sugarcane.

Sugarcaneyieldincreased (p<0.01) withN + K +
Sapplication, from 83.5t0 104.7 Mg hal (A = 25.3%).
The correction of diagnosis made with DRIS caused
ayieldincrease, reduction of N, K and SDRISindices
(in module) and a reduction of the NBI. Probably,
thiscorrection aidsthe crop to be near the nutritional
balance.

Conclusions

1. Thereisapositive and significant relationship
between sugarcanefoliar nutrient concentrationsand
DRISindices.

2. The optimum foliar nutrient concentrationsfor
sugarcane are: 13.4 g hal for N, 1.91 g ha for P,
12.2 g halfor K,2.99 g halfor Ca 2.15 g halfor Mg,
1.61 g halfor S, 4.48 mg hal for Cu, 67.8 mg hat
for Mnand 11.7 mg hal for Zn.
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3. The DRISnormseva uated are useful to correct
nutritional imbalancesand toincrease sugarcaneyield.
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