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DRIS I: development of DRIS indices in oil palm cultivation

DRIS I: elaboracion de los indices DRIS en el cultivo
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ABSTRACT

Nutritional diagnosis based on foliar tissue analysis is an efficient tool for detecting nutritional imbalances
and aiding in the fertilizer recommendation process. Therefore, the objective of this study was to use this
information to implement the Diagnosis and Recommendation Integrated System (DRIS), a method that
uses the relationships between nutrients and their respective coefficients of variation in a high-productivity
population, establishing the norms. In this study, DRIS norms and indices were developed for the oil palm
crop, specifically the IRHO hybrid, in the central palm region of Colombia. A total of 113 samples were
taken, of which 28 were considered representative of the population with high yields in fresh palm fruit
production, exceeding 32.9 tons per hectare. The selection of DRIS norms was based on the criteria of the
highest variance ratio and the “R” value criterion. The decreasing order of deficiency constraints for foliar
tissue concentrations is Fe>7Zn>S5>P>Cl>Mg>B>Na>K>Ca>Cu=Mn>N, with Iron and Zinc being the
limiting elements due to deficiency, and Nitrogen due to excess. Small changes in sulfur concentrations have
a significant impact on yield.
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RESUMEN

El diagnostico nutricional a partir de andlisis de tejido foliar es un instrumento eficiente para detectar desequilibrios
nutricionales y ayudar en el proceso de recomendacién de fertilizantes. Asi, se tuvo por objetivo la utilizacién de
esta informacién para la implementacién del Sistema Integrado de Diagndstico y Recomendacién (DRIS), método
que utiliza las relaciones entre nutrientes y sus respectivos coeficientes de variacién, en una poblacién de alta pro-
ductividad, constituyendo las normas. En el presente trabajo fueron desarrolladas las normas e indices DRIS, en el
cultivo de Palma de aceite, hibrido IRHO en la regién central palmera de Colombia. Fueron tomadas 113 muestras,
de las cuales 28 se consideraron como representativas de la poblacién con altos rendimientos en la produccién de
fruta fresca de palma con rendimientos superiores a 32,9 t ha!. Para la seleccién de las normas DRIS se utiliz6 el
criterio de mayor relacién entre varianzas y el criterio de valor de “R”. El orden decreciente de las limitantes por
deficiencia para concentraciones en tejido foliar es Fe>Zn>S>P>Cl>Mg>B>Na>K>Ca>Cu=Mn>N, siendo el
hierro y el zinc los elementos limitantes por deficiencia y nitrégeno por exceso. Para el azufre cambios pequefios en

las concentraciones de este elemento tienen un alto impacto sobre el rendimiento.

Palabras clave adicionales: Elaeis guineensis Jacq.; estatus nutricional; diagnostico nutricional; analisis foliar.
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In Colombia, the largest production of fresh fruit
from the oil palm (Elaeis guineensis Jacq.) is concen-
trated in the departments of Cesar, Atldntico, Gua-
jira, Cérdoba, Meta, Casanare, Caquetd, Magdalena,
Narifio, Cauca, Santander, Norte de Santander, and
Bolivar (Cardona et al., 2018). The department of
Santander (central zone of the Colombian oil palm
industry) ranks as the third department in terms of
planted area, which highlights its economic impor-
tance at the national, regional, and local levels (Fede-
palma, 2013). However, there are factors that limit
the production and quality of the crop. Among the
notable aspects is mineral nutrition, which is known
to be responsible for high productivity during the
production cycle. Therefore, it is of utmost impor-
tance that each nutrient is available in the soil solu-
tion in adequate quantities and concentrations (De
Araujo, 2010; Kamireddy, 2023).

The validation of the nutritional status is carried out
through plant tissue analysis as a complementary
tool to soil analysis (Tullio and Rozane, 2022). This
allows for the identification of the most limiting nu-
trients in the system and provides evidence for the
timely and appropriate use of fertilizers, aiming to
achieve high productivity and apply the minimum
required quantities with low costs and environmen-
tal sustainability (Franco, 2007).
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INTRODUCTION

This nutritional diagnosis constitutes an efficient
tool for detecting imbalances and assisting in the
fertilization recommendation process. Typically, the
diagnoses are developed based on the chemical analy-
sis of foliar tissue and its subsequent comparison
with optimal foliar levels (critical levels or sufficiency
ranges) (Texeira et al., 2007). Using this method, nu-
trients that fall outside these limits are considered to
likely restrict the growth, production, and fruit qual-
ity (Martin-Prével, 1990; Lahav, 1995).

The planning, validation, and calibration of nutri-
ent doses applied to the oil palm crop (Reis Junior
et al., 2002) are carried out based on sampling and
laboratory processing. Various methodologies have
been suggested for determining nutritional imbalanc-
es and ensuring proper interpretation of the results,
which, in conjunction with the achieved yields, lead
to the optimization of crop productivity (Tullio and
Rozane, 2022; Kamireddy, 2023)

Among the methods of nutritional diagnosis, the
Diagnosis and Recommendation Integrated System
(DRIS) proposed by Beaufils (1973) is a holistic nu-
trient content interpretation system developed to
enhance the interpretation of the nutritional results,
regardless of the plant’s age. It classifies the elements
according to their limitation in crop growth and



development, allowing for universal use of the norms
(Santana et al., 2008; Parent et al., 2020).

The advantage of this method lies in its ability to
identify cases where crop production is limited by
a nutritional imbalance, even when none of the ele-
ments fall below critical levels (Walworth and Sum-
ner, 1987; Bangroo et al., 2010).

The DRIS method is based on calculating an index
for each nutrient by comparing the relationships be-
tween an element and each of the other elements in
the sample with the relationships developed for that
same nutrient in a reference population (Guindani et
al., 2009; Serra et al., 2012).

Currently, due to the efficiency in interpreting the
results of chemical analysis of plant material for
various crops, the integrated system of diagnosis and
recommendation has gained widespread application
worldwide. Since its inception with Beaufils’ initial
proposal, DRIS has been used for different plant spe-
cies. Among the main species diagnosed by the DRIS
method are: potato (Garza, 2000), maize (Youssef et
al., 2013), soybean (Harger, 2008; Castamann et al.,
2012), eucalyptus (Wadt, 1996), cotton (Serra et al.,
2010), coffee (Partelli er al., 2007), sugarcane (Subi-
ros and Salas, 1999), passion fruit (Carvalho, 2011),
among others.

The DRIS method in Colombia has been developed
for cut roses by Franco (2007) and for rubber culti-
vation by Chacén-Pardo et al. (2013). Therefore, the
aim of this study was to establish DRIS norms for oil
palm cultivation under the conditions of the central
zone of the Colombian oil palm industry.

MATERIALS AND METHODS

The research was conducted in commercial oil palm
plantations, covering an area of 113 hectares planted
in 2001 with IRHO material. The plantations are
in the municipality of Sabana de Torres (Colom-
bia), with geographical coordinates of 7°23'25” N,
73°30°01” W, at an altitude of 110 m a.s.l. The region
experiences an annual precipitation ranging between
2,000-4,000 mm, with an average temperature ex-
ceeding 24°C (IGAC, 20083). The soil was classified as
Fluventic Dystrudepts and is in the piedmont land-
scape. The topography consists of plateaus, hills, and
moderately undulating surfaces with slopes ranging
from 7 to 12% (IGAC, 2003; Garzén, 2005).
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The soil’s chemical characteristic in the experimental
area is acidic, with average pH values of 4.24. Alu-
minum saturation exceeded 50%, while the average
base saturation was 35%, and aluminum content was
0.69 cmol. kg'. Phosphorus levels were recorded at
32.39 mg kg'. The exchangeable bases calcium (Ca),
magnesium (Mg), potassium (K), and sodium (Na)
had low values (0.52, 0.2, 0.14, and 0.05 cmol, kg?,
respectively), as well as the micronutrients, which
were considered deficient in native contents.

Sampling and laboratory methodologies

The sampling was established using a rigid grid with
100%x 100 m, resulting in a total of 113 samples in an
area of 113 ha, equivalent to one sample per hectare.
Each point was georeferenced to locate the surround-
ing three palm trees to determine the sampling zone.

The plant tissue samples were taken following the
methodology proposed by Cenipalma, specifically
taking the leaflets from the middle part of the 17
leaf for adult plants. These samples were collected in
May 2013, during a period of low precipitation and
not close to fertilization, to reduce result variability
as reported by Santacruz (2004). The samples were
sent to the laboratory for nutrient quantification.
For the analysis of foliar tissue samples, the contents
of K, Ca, Mg, Na, Fe, Cu, Mn, and Zn were deter-
mined through dry digestion and atomic absorption;
P and B were determined using colorimetry; N was
determined through wet digestion and the Kjeldahl
method, and S was determined using turbidimetry.

After collecting the samples, production data were
recorded for each point. Considering that the pro-
duction of oil palm is closely associated with rainfall,
and with the aim of obtaining reliable data, six read-
ings were conducted: three during the rainy season
(March-April 2013) and three during dry periods
(June-July 2013). The mean of the six readings was
multiplied by the planting density per hectare, which
corresponds to 143 palm/ha. The obtained value was
then multiplied by 24, as this is the number of har-
vests per year.

Determination of the reference population

The results of the chemical analysis of leaf tissue
were organized together with the production records
for each point. Subsequently, descriptive statistical
analysis was conducted to obtain values for mean,
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standard deviation, and coefficient of variation. For
production, quartiles were considered, where the
population with the highest production, located in
the upper quartile, was considered as the reference
population, while the other quartiles represented the
low production population. This provided a starting
point for the establishment of the norms, as proposed
by Chacén-Pardo et al. (2013).

Development of DRIS norms

For the establishment of DRIS norms, the values of
the results from the foliar tissue analysis of the ref-
erence population were taken into account, specifi-
cally those results related to productions equal to or
greater than 31.1 t ha.

For the high productivity population, direct and in-
verse relationships between nutrients were calcu-
lated pairwise for the reference population. A direct
relationship is one where the nutrient in question
appears in the numerator (A/B), while an inverse
relationship is one where the nutrient under study
appears in the denominator (B/A). For each relation-
ship, the mean (x), standard deviation (s), and coeffi-
cient of variation (CV) were calculated. The number
of possible relationships (RP) is obtained using the
following equation:

RP = n(n-1)
where, n was number of elements under study.

The determination of the norm to be used in the
calculation of DRIS functions (A/B or B/A) was per-
formed using the variance ratio method or F-value,
defined as the ratio between the variances of the low
productivity population (non-reference) and the high
productivity population (reference). The norm of the
relationship that had the highest variance ratio (S2)
was chosen, following this procedure:

If:

[Sz(g)Non—Reference group] [SZ(E)Non—Reference group}
< A

B
2(2
S (A)Reference group

A
2
S (B)Reference group

Then: The reference that composes the norm is A/B.

If:
[Sz(g)Non—Reference group] [Sz Non—Reference group]
SZ

Reference group

A
2(£
S (B)Reference group

Then: The reference that composes the norm is B/A.
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Where, i) When A/B is greater than or equal to a/b;
il) When A/B is less than or equal to a/b, where, A/B:
Ratio of the sample; a/b: Ratio of the reference pop-
ulation, and CV: Coefficient of variation associated
with the norm.

Establishment of DRIS indices

After calculating the functions, the calculation of the
DRIS indices was performed using the general for-
mula proposed by Beaufils (1973), where for nutrient

S+ @+ [5)-t &)

Index of A = Z

A
maexors - L@ )HZ( 5) -t ()
Index ofN=_f (%)_f (%)"’2(%) | (%)

Z: Number of functions corresponding to the nu-
trient index. With the established norms and after
calculating the DRIS indices, the calculation of the
Nutritional Balance Index (IBN) and the mean Nutri-
tional Balance Index (IBNm) was performed, which
consists of the sum of the absolute values of the
DRIS indices obtained for each nutrient according to
the following equation:

IBN = |DRIS A| + |DRIS B| + [DRIS C| + ---+ |DRIS N|

IBN
IBNm = —
n

where, n was is the number of DRIS indices of nutri-
ents involved in the analysis.

RESULTS AND DISCUSSION

Determination of the reference population

The production data ranging from 16.5 to 39.3 t ha',
along with their respective foliar tissue nutrient lev-
els, formed the database that was divided into two
groups, considering the criterion for separating the
high productivity population (reference) and the low
productivity population as productions higher than
30.1 t ha', which corresponded to 25% of the sam-
ples, as suggested by Beaufils (1973).

This selection meets the conditions indicated by
Letzsch and Sumner (1984), who consider that the



high production population should consist of at least
10% of the observations in the global database, en-
suring a high production population with significant
differences from the low production population. This
indicates that the proposed database for obtaining
the norms is appropriate.

Figure 1 shows that the fresh fruit production data
for the low productivity population, representing
75% of the data obtained, are located towards the

45
40
5 el
30
25
20
15
10

tha'

HPP LPP

Figure 1. Production dispersion for the populations (CV (%)
9.1 and 5.1 respectively). HPP, high productivity
population; LPP, low productivity population.
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upper limit, while the high productivity population
shows the opposite pattern, with the same percent-
age of data located towards the lower limit, indi-
cating a higher concentration of data in the second
quartile, corresponding to productions between
32.98 and 34.64 t hal.

The values of means, standard deviations, and coef-
ficients of variation for nutrient concentrations in
foliar tissue, for the high and low productivity pop-
ulations, indicate that, in general, the low produc-
tivity population mostly presents values similar to
those obtained in the high productivity population,
except for elements such as zinc, iron, and manga-
nese (Tab. 1).

For both populations, the nitrogen content in foliar
tissue had the lowest coefficients of variation, 5 and
3.2% respectively, demonstrating the stability of the
element throughout the population.

In the case of zinc, which is one of the elements that
shows a difference in content between the two pop-
ulations used as reference, a high variability can be
observed in the high productivity population with a
coefficient of variation of 170%. Therefore, this ele-
ment may have a significant impact on the variability
of fresh fruit production in palm.

low productivity populations.

Table 1. Mean values, standard deviation, and coefficient of variation for nutrient concentration in foliar tissue for the high and

— devtion 2ED — doation BE
N (%) 2.85 0.14 4.99 2.85 0.08 2.78
P (%) 0.27 0.05 20.52 0.25 0.07 26.45
K (%) 1.02 0.19 18.2 1.06 0.21 19.74
Ca (%) 0.53 0.15 27.47 0.56 0.16 27.96
Mg (%) 0.28 0.09 32.25 0.27 0.08 29.97
Cl (%) 0.68 0.11 16.14 0.64 0.1 15.36
Na (%) 0.02 0.01 31.27 0.02 0.01 46.21
Zn (mg kg) 68.40* 116.55 170.38 28.99* 19.35 66.77
Cu(mg kg') 6.65 4.94 74.31 6.85 3.14 45.82
Fe (mg kg™) 157.15% 45.07 28.68 120.74% 33.49 21.73
Mn(mg kg'') 218.8 74.49 34.05 236.44 69.91 29.57
S (%) 0.27% 0.03 10.46 0.25* 0.03 11.81
B (mg kg') 23.09 9.48 41.08 23.92 8.22 34.36

* = Significance (P<0.05).
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Diagnosis and Recommendation Integrated
System (DRIS)

Determination of DRIS foliar norms

The mean values of the nutrient relationships for the
high and low productivity populations, along with
their respective coefficients of variation and varianc-
es, are shown in table 2. The criterion for selecting
the norm between the nutrient pair (N/P or P/N) was
based on the relationship between the variances of
the productivity groups (Silveira, 2005). According to
Payne et al. (1990), relationships between elements
that have a high variance ratio provide greater reli-
ability for nutritional diagnosis.

This procedure determines norms with greater pre-
cision (Caldwell et al., 1994), increasing the distinc-
tion between nutritionally balanced and unbalanced
plants (Walworth et a/., 1986; Walworth and Sumner,
1987). Out of the 156 possible relationships, 78 were
selected based on the criterion of higher variance ra-
tio. Comparing the norms with the relationships of
the low-performance population shows that 53 have
a lower variance, 52 have differences in the mean,
and 42 have both characteristics. The coefficients of
variation (CV) range from 10 to 125%, with 25 norms
having a CV greater than 50%.

The large number of norms with differences either in
variance or mean compared to the low-performance
population suggests that the norms are reliable and
can indicate productivity differences resulting from
nutritional imbalances (Ruiz-Bello and Cajuste,
2002). Similarly, when there is a very low variance
for a norm in the high-performance population (high
F values, greater than 2) and the mean varies little
(coefficients of variation less than 25%), it can be af-
firmed that the crop is susceptible to imbalance by

even a small change in that element (Reis and Mon-
nerat, 2002).

In the presented norms, the K/S and 100S/Fe rela-
tionships exhibit these conditions, suggesting that
small changes in Sulfur concentrations have a high
impact on yield. With the obtained norms, the calcu-
lation of functions was performed for each element
and their respective DRIS indices, aiming to identify
the possible positive or negative incidence due to de-
ficiencies, excesses, or imbalances of each element
according to the methodology reported by Beaufils
(1973) and Parent et al. (2020). The DRIS indices can
be interpreted as being in balance, excess, or deficient
if they are equal to, greater than, or less than zero.

Based on the above, the interpretation of the nutri-
tional diagnosis result indicates that the order of limi-
tation, from least to greatest, is as follows: iron, zinc,
sulfur, phosphorus, chlorine, magnesium, boron, so-
dium, potassium, calcium, copper, manganese, and
nitrogen. The mean value of the indices is presented
in table 3.

In the entire population, the indices of the macronu-
trients showed positive values for nitrogen (27.59),
potassium (2.93), and calcium (3.78), and negative
values for phosphorus (-1.29), magnesium (-0.69),
and sulfur (-2.05). This could imply that low yields
may be limited not only by nutritional deficiency
but also by excess concentration, considering that
nutrients have a nutritional balance closer to zero
for their DRIS index (Sharma, 2005). Elements that
are in excess conditions, such as nitrogen, potassium,
and calcium, are typically supplied to plants through
fertilization, taking into account that sources such
as urea, potassium chloride, and liming materials are
commonly used in the crop (Gonzélez and Romero,
2010).

‘ Table 2. Relationships and selected norms for IRHO oil palm in the central region of Colombia.
Mean F CV (%) SZN Mean F CV (%) SH S2, /8%,
N/P 11.16 2.25 20.20 5.08 11.98 2.66 22.21 7.07 1.39
N/K 2.90 0.61 21.17 0.38 2.81 0.68 24.15 0.46 1.22
N/CI 430 0.70 16.40 0.50 453 0.68 15.09 0.47 0.94
100N/Zn 7.95 418 52.56 17.46 11.88 3.91 32.93 15.30 0.87
100N/Cu 62.63 39.50 63.07 1560.27 53.44 33.61 62.89 1129.42 0.72
Continta
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Continuation Table 2. Relationships and selected norms for IRHO oil palm in the central region of Colombia.

Mean F CV (%) S, Mean F CV (%) Sz S, /82,
100N/Fe 1.95 0.57 29.07 0.32 2.55 0.75 29.57 0.57 1.76
T00N/Mn 1.43 0.42 29.78 0.18 1.35 0.74 54.79 0.55 3.02
N/S 10.45 1.1 10.66 1.24 11.61 1.32 11.37 1.74 1.403
100N/B 14.23 5.70 40.08 32.51 13.58 5.65 41.60 319 0.98
P/K 0.27 0.09 33.32 0.0 0.26 0.13 49.33 0.02 1.98
P/CI 0.40 0.12 29.25 0.0 0.40 0.11 27.90 0.01 0.88
100P/Zn 0.75 0.48 63.54 0.23 1.05 0.48 45.92 0.23 1.03
100P/Cu 5.65 3.36 59.35 11.26 490 3.93 80.31 15.46 1.37
100P/Fe 0.18 0.07 37.49 0.00 0.22 0.08 36.43 0.01 1.40
100P/Mn 0.14 0.06 43.37 0.00 0.12 0.07 58.09 0.00 1.38
P/S 0.97 0.21 21.80 0.04 1.02 0.25 24.35 0.06 1.36
K/Ca 2.0 0.52 25.74 0.27 1.97 0.44 22.16 0.19 0.71
K/Cl 1.53 0.36 23.50 0.13 1.69 0.43 25.55 0.19 1.43
100K/Zn 2.74 1.36 49.53 1.84 4.38 1.61 36.72 2.59 1.40
100K/Cu 22.24 14.77 66.42 218.20 19.44 11.90 61.24 141.70 0.64
100K/Fe 0.69 0.24 34.41 0.06 0.95 0.34 35.78 0.11 2.01
100K/Mn 0.50 0.16 31.28 0.02 0.50 0.32 62.87 0.10 4.04
K/S 3.72 0.69 18.64 0.48 4.36 1.15 26.46 1.33 2.76
100K/B 4.96 1.80 36.31 3.25 5.09 2.56 50.40 6.57 2.02
Ca/N 0.19 0.05 28.01 0.00 0.20 0.06 27.99 0.00 1.09
Ca/P 2.15 0.79 36.99 0.63 2.44 0.95 38.79 0.89 1.42
100Ca/Zn 1.40 0.66 47.50 0.44 2.28 0.86 37.82 0.74 1.68
100Ca/Fe 0.36 0.12 33.63 0.0 0.50 0.20 40.18 0.04 2.81
100Ca/Mn 0.26 0.07 28.94 0.01 0.27 0.21 79.11 0.05 8.11
Ca/S 1.94 0.48 24.69 0.23 2.29 0.66 28.96 0.44 1.91
100Ca/B 2.64 1.36 51.59 1.85 2.68 1.35 50.56 1.83 0.99
Mg/N 0.10 0.03 33.62 0.00 0.10 0.03 29.47 0.00 0.74
Mg/P 1.05 0.30 28.86 0.09 ™M 0.24 21.27 0.06 0.6
Mg/K 0.28 0.10 36.25 0.01 0.28 0.12 43.47 0.01 1.38
Mg/Ca 0.57 0.28 49.09 0.08 0.54 0.28 50.70 0.08 0.98
Mg/Cl 0.42 0.14 33.29 0.02 0.43 0.13 29.90 0.02 0.86
Mg/Na 17.04 8.59 50.37 73.11 16.02 8.19 51.09 67.02 0.90
100Mg/Zn 0.79 0.54 68.29 0.29 1.15 0.50 43.10 0.25 0.84
100Mg/Cu 5.79 417 72.13 17.42 5.19 4.01 71.21 16.04 0.92
100Mg/Fe 0.19 0.09 46.97 0.0 0.24 0.09 36.77 0.01 1.00
100Mg/Mn 0.14 0.07 47.88 0.00 0.13 0.07 51.90 0.00 0.98
Mg/S 1.01 0.34 33.46 0.12 1.1 0.31 2154 0.09 0.81
100Mg/B 1.37 0.71 51.67 0.50 1.30 0.61 46.66 0.37 0.73
Contintia
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Continuation Table 2. Relationships and selected norms for IRHO oil palm in the central region of Colombia.

Mean F CV (%) Sz, Mean F CV (%) Sz S?, /8%,
Cl/Ca 1.36 0.41 30.08 0.17 1.25 0.49 38.94 0.24 1.4
100CI/Zn 1.87 0.98 52.40 0.96 2.70 1.02 37.78 1.04 1.08
100CI/Cu 15.11 10.46 69.22 109.45 11.93 7.28 61.04 53.00 0.48
100CI/Fe 0.47 0.16 34.85 0.03 0.58 0.19 32.64 0.04 1.33
100CI/Mn 0.34 0.11 33.31 0.01 0.30 0.14 48.19 0.02 1.61
100CI/S 2.49 0.50 19.84 0.25 2.63 0.54 20.39 0.29 1.17
Na/N 0.0 0.00 30.66 0.00 0.01 0.00 4573 0.00 2.73
Na/P 0.07 0.03 38.04 0.00 0.09 0.05 55.35 0.00 3.11
Na/K 0.02 0.01 31.16 0.00 0.02 0.01 51.43 0.00 3.16
Na/Ca 0.04 0.01 35.75 0.00 0.04 0.02 45.30 0.00 1.76
Na/Cl 0.03 0.01 34.84 0.00 0.03 0.01 46.35 0.00 24
100Na/Zn 0.05 0.03 59.46 0.00 0.08 0.04 49.21 0.00 1.81
100Na/Fe 0.01 0.01 42.61 0.00 0.02 0.01 47.20 0.00 2.45
100Na/Mn 0.01 0.00 39.38 0.00 0.01 0.01 67.56 0.00 3.19
Na/S 0.07 0.02 31.67 0.00 0.08 0.04 45.70 0.00 3.17
100Na/B 0.09 0.05 52.46 0.00 0.10 0.07 72.11 0.01 2.28
Cu/100Ca 0.13 0.09 66.26 0.0 0.13 0.07 55.49 0.01 0.71
Cu/100Na 457 5.73 125.22 32.82 3.91 2.58 66.00 6.65 0.20
Cu/Zn 0.17 0.13 79.16 0.02 0.28 0.14 49.95 0.02 1.09
Cu/Fe 0.04 0.02 56.26 0.00 0.06 0.03 49.10 0.00 1.55
Cu/100S 0.24 0.14 61.18 0.02 0.28 0.14 50.07 0.02 0.95
Fe/Zn 33.09 21.29 64.33 453.09 22.80 17.54 76.96 307.77 0.67
Fe/Mn 0.76 0.22 28.47 0.05 0.59 0.50 84.28 0.25 5.29
Mn/Zn 6.01 3.7 61.68 13.74 9.93 4.24 42.65 17.94 1.30
Mn/Cu 45.09 25.51 56.57 650.52 42.37 25.58 60.37 654.32 1.00
100S/Zn 0.74 0.36 48.69 0.13 1.02 0.34 32.83 0.1 0.87
100S/Fe 0.18 0.04 2297 0.00 0.22 0.07 29.63 0.00 2.38
100S/Mn 0.14 0.04 29.19 0.00 0.12 0.08 63.37 0.01 3.55
B/100P 0.90 0.36 40.34 0.13 1.01 0.42 42.11 0.18 1.36
B/100CI 0.35 0.14 41.17 0.02 0.38 0.14 37.79 0.02 1.01
B/Zn 0.64 0.39 61.61 0.15 0.98 0.43 43.52 0.18 1.18
B/Cu 4.82 3.22 66.92 10.40 4.40 3.03 68.81 9.17 0.88
B/Fe 0.16 0.08 51.76 0.0 0.22 0.10 47.49 0.01 1.56
B/Mn 0.1 0.05 48.30 0.00 0.1 0.09 79.97 0.01 2.82
B/100S 0.84 0.34 39.66 0.11 0.97 0.34 35.17 0.12 1.03

CV: coefficient of variation, S,/S,;: ratio of variances between high and low production populations, respectively. The elements N, P K, Ca, Mg, CI, Na, and S are
presented in percentage, while the rest are in mg kg™'.
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Table 3. Foliar DRIS indices for the oil palm crop (Elaeis
guineensis Jacq.) IRHO for the palm trees of
Santander plantation.

N 27.59

-1.29

K 2.93

Ca 3.78

Mg -0.69
Cl -0.76

Na 2.64

Zn -6.80

Cu 5.25

Fe -7.14

Mn 5.74
S -2.05

B 0.99

IBN 67.67
IBNm 5.21

For the micronutrients copper and manganese, values
higher than zero were found, with manganese having
the highest index value of 5.74. Boron showed an in-
dex of 0.99, indicating relative equilibrium, likely due
to frequent applications of this element in the crop
(Arias and Munévar, 2004).

On the contrary, iron and zinc exhibited negative
values of -7.14 and -6.80, respectively, indicating that
the production of fresh palm fruit is being limited by
the deficiency of these two elements.

CONCLUSION

Nutritional diagnosis using the DRIS technique re-
vealed the following decreasing order of deficiencies
based on foliar tissue concentrations: Fe>Zn>S>P>
CI>Mg>B>Na>K>Ca>Cu=Mn>N.

One of the main nutritional limitations identified is
the excess of nitrogen, as well as the limitation due to
zinc deficiency and its positive response to yield. Bo-
ron, one of the elements applied most frequently in
palm areas, maintains a balanced foliar concentration.

Furthermore, it was found that any changes in sul-
fur concentration have a high impact on yield, as ob-
served in the K/S and 100S/Fe norms.

DRIS IN OIL PALM CULTIVATION 9

Conflict of interests: The manuscript was prepared
and reviewed with the participation of the authors,
who declare that there exists no conflict of interest
that puts at risk the validity of the presented results.

BIBLIOGRAPHIC REFERENCES

Arias, N. and Munévar, E 2004. Caracterizacién de la fertili-
dad de los suelos de la zona central palmera de Colom-
bia. Palmas 25(special issue, Tomo III), 137-147.

Bangroo, S.A., M.I. Bhat, T. Ali, M.A. Aziz, M.A. Bhat, and
A. Mushtaq. 2010. Diagnosis and Recommendation
Integrated System (DRIS) — A Review. Int. J. Curr.
Res. 10, 84-97.

Beaufils, E.R. 1973. Diagnosis and recommendation In-
tegrated system (DRIS). A. general scheme for ex-
perimentation and calibration based on principles
developed from research in plant nutrition. Soil Sci.

Bull. 1, 132.

Caldwell, J.O., M.E. Sumner, C.S. Vavrina. 1994. Develop-
ment and testing of preliminary foliar DRIS norms for
onions. HortScience 29(12), 1501-1504. Doi: https://
doi.org/10.21273/HORTSCI.29.12.1501

Cardona, C.C.C., Y.M. Coronado, A.C.M. Conronado, and
I. Ochoa. 2018. Genetic diversity in oil palm (Elaeis
guineensis Jacq.) using RAM (Random Amplified Mi-
crosatellites). Bragantia 77, 546-556. Doi: https://doi.
org/10.1590/1678-4499.2017385

Carvalho, A.].C., P.S.E Fontes, M.S.M. Freitas, PH. Monne-
rat, and A.G. Fontes. 2011. Yellow passion fruit plant
nutritional diagnosis at different phenological stages
by the diagnosis and recommendation integrated sys-
tem method. J. Plant Nutr. 34(4), 614-626. Doi: ht-
tps://doi.org/10.1080/01904167.2011.538558

Castamann, A., PAV. Escosteguy, D. Berres, and S. Za-
nella. 2012. Diagnosis and recommendation integra-
ted system (DRIS) of soybean seed oil content. Rev.
Bras. Ciénc. Solo 36(6), 1820-1827. Doi: https://doi.
org/10.1590/50100-06832012000600016

Chacén-Pardo, E., J.H. Camacho-Tamayo and O. Argtiello
2013. Establishment of DRIS norms for the nutritio-
nal diagnosis of rubber (Hevea brasiliensis Muell Arg.)
clone RRIM 600 on the Eastern Plains of Colombia.
Agron. Colomb. 31(2), 215-222.

De Araujo, J. 2010. Avaliacdo do estado nutricional da
mangueiratommyatkins irrigada no vale do aguem
diferentes épocas de amostragem foliar. Msc thesis.
Universidade Federal Rural do Semi-Arido.

Fedepalma. 2018. Anuario estadistico 2010. La agroindus-
tria de la palma de aceite en Colombia y en el mundo
2005-2010. Bogota.

Franco, H.J. 2007. Determinacién de normas de diagndstico
nutricional para el cultivo de rosa de corte en Colom-
bia. Msc thesis. Facultad de Agronomia, Universidad
Nacional de Colombia, Bogota.

Vol. 17 - No. 2 - 2023


https://doi.org/10.21273/HORTSCI.29.12.1501
https://doi.org/10.21273/HORTSCI.29.12.1501
https://doi.org/10.1590/1678-4499.2017385
https://doi.org/10.1590/1678-4499.2017385
https://doi.org/10.1080/01904167.2011.538558
https://doi.org/10.1080/01904167.2011.538558
https://doi.org/10.1590/S0100-06832012000600016
https://doi.org/10.1590/S0100-06832012000600016

10 HERRERA-PENA / ALVAREZ-CARPINTERO / CAMACHO-TAMAYQ

Garza, S.J.G.V. 2000. Establecimiento de normas DRIS
y diagnostico nutricional para el cultivo de papa en
Coahuila y Nuevo Leén. Msc thesis. Universidad Au-
ténoma de Nuevo Ledn, México.

Gonzélez, M.Y. and H.M. Romero. 2010. Evaluacién de di-
ferentes fuentes de potasio para reducir el doblamien-
to foliar en palma de aceite. Palmas 31(3), 17-25.

Guindani, R.H.P, I. Anghinoni, and G. Nachtiga-
1. 2009. DRIS na avaliagdo do estado nutricional
do arroz irrigado por inundagdo. Rev. Bras. Ciénc.
Solo 33(1), 109-118. Doi: https://doi.org/10.1590/
S0100-06832009000100012

Harger, N. 2008. Faixas de suficiéncia para teores foliares de
nutrientes em soja, definidas pelo uso do método dris,
para solos de origem baséltica. Msc thesis. Programa
de Pés- Graduagdo em Agronomia, Universidade Esta-
dual de Londrina.

IGAC, Instituto Geografico Agustin Codazzi. 2003. Mapa
de suelos de Colombia: memoria explicativa y mapa
(escala 1:500.000). Bogota.

Kamireddy, M., S.K. Behera, and S. Kancherla. 2023. Es-
tablishing critical leaf nutrient concentrations and
identification of yield limiting nutrients for precise
nutrient prescriptions of oil palm (Elaeis guineensis
Jacq.) plantations. Agriculture 13(2), 4563. Doi: ht-
tps://doi.org/10.3390/agriculture13020453

Lahav, E. 1995. Banana nutrition. pp. 258-316. In: Gowen, S.
(ed.).Bananasand plantains. Chapman & Hall, London.
Doi: https://doi.org/10.1007/978-94-011-0737-2_11

Letzsch, W.S. and M.E. Sumner. 1984. Effect of popula-
tion size and yield level in selection of diagnosis and
recommendation integrated system (DRIS) norms.
Commun. Soil Sci. Plant Anal. 15, 997-1006. Doi: ht-
tps://doi.org/10.1080/00103628409367537

Martin-Prével, P. 1990. Past, present and future of tropi-
cal fruit nutrition with special reference to banana
nutrition. Acta Hortic 275, 523-34. Doi: https://doi.
org/10.17660/ActaHortic.1990.275.65

Parent, L.E., D.E. Rozane, J.A.L. de Deus, and W. Na-
tale. 2020. Diagnosis of nutrient composition in
fruit crops: Major developments. pp. 145-156. In:
Fruitcrops. Elsevier. Doi: https://doi.org/10.1016/
B978-0-12-818732-6.00012-5

Partelli, EL., H.D. Vieira, V.B. Carvalho, and E Assis Alves
Mouréo Filho. 2007. Diagnosis and recommendation
integrated system norms, sufficiency range, and nu-
tritional evaluation of Arabian coffee in two sampling
periods. J. Plant Nut. 30(10), 1651-1667. Doi: https://
doi.org/10.1080/01904160701615525

Payne, G.G., J.E. Rechcigl, and R.L. Stephenson. 1990.
Development of diagnosis and recommendation in-
tegrated system norms for bahiagrass. Agron. J. 82,
930-934. Doi: https://doi.org/10.2134/agronj1990.00
021962008200050018x

Rev. Colomb. Cienc. Hortic.

Reis Junior, R.A., J.B. Corréa, J.G. Carvalho, and PT.G. Gui-
marées. 2002. Diagnose nutricional de cafeeiros da re-
gidosul de Minas Gerais: normas DRIS e teores foliares
adequados. Rev. Bras. Ciénc. Solo 26(3), 801-808. Doi:
https://doi.org/10.1590/50100-06832002000300026

Reis Junior, R.A. and PH. Monnerat. 2002. Sugarcane nu-
tritional diagnosis with DRIS norms established in
Brazil, South Africa, and the United States. ]. Plant
Nutr. 25, 2831-2851. Doi: https://doi.org/10.1081/
PLN-120015542

Ruiz-Bello, A. and L.J. Cajuste. 2002. Controlling fertilizer
applications through plant analysis. Comm. Soil Sci.
Plant Anal. 33(15-18), 2793-2802. Doi: https://doi.
org/10.1081/CSS-120014481

Santacruz, L., J.A. Cristancho, and E Munévar. 2004. Va-
riacién temporal de los niveles foliares de nutrientes
y su relacién con la fertilizacién, la lluvia y el rendi-
miento de la palma de aceite (Elaeis guineensis Jack.) en
la plantacién Guaicaramo (Meta, Colombia). Palmas
25(Special Issue Tomo III), 160-169.

Santana, ].G., WM. Leandro, R.V. Naves, and PP. Cunha.
2008. Normas DRIS para interpretagdo de analises de
folha e solo, em la ranjeirapéra, na regido central de
Goids. Pesq. Agrop. Trop. 38, 109-117.

Serra, A.P, M.E. Marchetti, E.P. Rojas, and A.C.T. Vitori-
no. 2012. Beaufils ranges to assess the cotton nutrient
status in the southern region of Mato Grosso. Rev.
Bras. Ciénc. Solo 36(1), 171-182. Doi: https://doi.
org/10.1590/50100-06832012000100018

Serra, A.P, M.E., Marchetti, A.C.T. Vitorino, J.O. Nove-
lino, and M.A. Camacho. 2010. Desenvolvimento
de normas DRIS e CND e avaliagdo do estado nu-
tricional da cultura do algodoeiro. Rev. Bras. Ciénc.
Solo 34(1), 97-104. Doi: https://doi.org/10.1590/
S0100-06832010000100010

Sharma, J., S.D. Shikhamany, R.K. Singh, and H.B. Ra-
ghupathi. 2005. Diagnosis of nutrient imbalan-
ce in Thompson seedless grape grafted on Dog
Ridge rootstock by DRIS. Comm. Soil Sci. Plant
Anal.  36(19-20), 2823-2838. Doi: https://doi.
org/10.1080/00103620500305991

Silveira, C.P, G.R. Nachtigall, and EA. Monteiro. 2005. Nor-
ms for the diagnosis and recommendation integrated
system for signal grass. Sci. Agric. 62(6), 513-519. Doi:
https://doi.org/10.1590/50103-90162005000600001

Subiros, J. and R. Salas. 1999. Obtenncion e la normas DRIS
en una zona productora de cafia de aztcar en Guana-
caste, Costa Rica. Agron. Costar. 23(2), 137-147.

Texeira, L.A., EC. Zambrosi, and J.E. Bettiol Neto. 2007.
Avaliacio do estado nutricional de bananeiras do
subgrupo Cavendish no estado de sdo paulo: nor-
mas DRIS e niveis criticos de nutrientes. Rev. Bras.
Frutic. 29(3), 613-620. Doi: https://doi.org/10.1590/
S0100-29452007000300037


https://doi.org/10.1590/S0100-06832009000100012
https://doi.org/10.1590/S0100-06832009000100012
https://doi.org/10.3390/agriculture13020453
https://doi.org/10.3390/agriculture13020453
https://doi.org/10.1007/978-94-011-0737-2_11
https://doi.org/10.1080/00103628409367537
https://doi.org/10.1080/00103628409367537
https://doi.org/10.1007/978-94-010-1009-2
https://doi.org/10.1007/978-94-010-1009-2
https://doi.org/10.1007/978-94-010-1009-2
https://doi.org/10.1007/978-94-010-1009-2
https://doi.org/10.1016/B978-0-12-818732-6.00012-5
https://doi.org/10.1016/B978-0-12-818732-6.00012-5
https://doi.org/10.1080/01904160701615525
https://doi.org/10.1080/01904160701615525
https://doi.org/10.2134/agronj1990.00021962008200050018x
https://doi.org/10.2134/agronj1990.00021962008200050018x
https://doi.org/10.1590/S0100-06832002000300026
https://doi.org/10.1081/PLN-120015542
https://doi.org/10.1081/PLN-120015542
https://doi.org/10.1081/CSS-120014481
https://doi.org/10.1081/CSS-120014481
https://doi.org/10.1590/S0100-06832012000100018
https://doi.org/10.1590/S0100-06832012000100018
https://doi.org/10.1080/00103620500305991
https://doi.org/10.1080/00103620500305991
https://doi.org/10.1590/S0103-90162005000600001
https://doi.org/10.1590/S0100-29452007000300037
https://doi.org/10.1590/S0100-29452007000300037

Tullio, L. and D.E. Rozane. 2022. Drisnormsfor ‘Kei-
tt’ mango in BrazilianSemiarid: diagnosis and va-
lidation. Rev. Bras. Frutic. 44. Doi: https://doi.
org/10.1590/0100-29452022117

Wadt, PG.S. 1996. Os métodos da chance matemadtica e
do Sistema, Integrado de Diagnose e Recomendagéo
(DRIS) na avaliagdo nutricional de plantios de eucalip-
to. PhD thesis. Universidade Federal de Vigosa, Vigosa,
Brazil.

Walworth, J.L. and M.E. Sumner. 1987 The diagno-
sis and recommendation integrated system. pp.

DRIS IN OIL PALM CULTIVATION 11

150-188. In: Stewart, B.A. (ed.). Advances in soil
science. Springer-Verlag, New York. Doi: https://doi.
org/10.1007/978-1-4612-4682-4_4

Walworth, J.L., M.E. Sumner, R.A. Isaac, and C.O. Plank.
1986. Preliminary DRIS norms for alfalfa in the Sou-
theastern United States and a comparison with the
Midwest norms. Agron. J. 78, 1046-1052. Doi: https://
doi.org/10.2134/agronj1986.00021962007800060022x

Youssef, R.A., Kh.M. Abd El-Rheem, and H. Nesreen. 2013.
Establishment of DRIS indices for corn plants grown
on sandy soil. Life Sci. J. 10(3).

Vol. 17 - No. 2 - 2023


https://doi.org/10.1007/978-1-4612-4682-4_4
https://doi.org/10.1007/978-1-4612-4682-4_4
https://doi.org/10.2134/agronj1986.00021962007800060022x
https://doi.org/10.2134/agronj1986.00021962007800060022x

