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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>Zn>S>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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In Colombia, the largest production of fresh fruit 
from the oil palm (Elaeis guineensis Jacq.) is concen-
trated in the departments of Cesar, Atlántico, Gua-
jira, Córdoba, Meta, Casanare, Caquetá, Magdalena, 
Nariño, Cauca, Santander, Norte de Santander, and 
Bolívar (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).

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 

RESUMEN
El diagnostico nutricional a partir de análisis de tejido foliar es un instrumento eficiente para detectar desequilibrios 
nutricionales y ayudar en el proceso de recomendación de fertilizantes. Así, se tuvo por objetivo la utilización de 
esta información para la implementación del Sistema Integrado de Diagnóstico y Recomendación (DRIS), método 
que utiliza las relaciones entre nutrientes y sus respectivos coeficientes de variación, en una población de alta pro-
ductividad, constituyendo las normas. En el presente trabajo fueron desarrolladas las normas e índices DRIS, en el 
cultivo de Palma de aceite, hibrido IRHO en la región central palmera de Colombia. Fueron tomadas 113 muestras, 
de las cuales 28 se consideraron como representativas de la población con altos rendimientos en la producción de 
fruta fresca de palma con rendimientos superiores a 32,9 t ha-1. Para la selección de las normas DRIS se utilizó el 
criterio de mayor relación 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 nitrógeno por exceso. Para el azufre cambios pequeños en 
las concentraciones de este elemento tienen un alto impacto sobre el rendimiento.

Palabras clave adicionales: Elaeis guineensis Jacq.; estatus nutricional; diagnostico nutricional; análisis foliar.

Received: 14-06-2023   Accepted: 14-07-  Published: 08-08-2023

INTRODUCTION

2 HERRERA-PEÑA / ÁLVAREZ-CARPINTERO / CAMACHO-TAMAYO

Rev. Colomb. Cienc. Hortic.



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 et 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 Chacón-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, 2003). 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; Garzón, 2005).

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 cmolc kg-1. Phosphorus levels were recorded at 
32.39 mg kg-1. The exchangeable bases calcium (Ca), 
magnesium (Mg), potassium (K), and sodium (Na) 
had low values (0.52, 0.2, 0.14, and 0.05 cmolc kg-1, 
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 
100×100 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 17th 
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 Chacón-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-1.

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: 

!
"#$%&'()*+,-.-/-*0-	2/)34

"#$%&',-.-/-*0-	2/)34
5<!

"#$&%'()*+,-.-/-*0-	2/)34

"#$&%',-.-/-*0-	2/)34
5 

 

!
"#$%&'()*+,-.-/-*0-	2/)34

"#$%&',-.-/-*0-	2/)34
5>!

"#$&%'()*+,-.-/-*0-	2/)34

"#$&%',-.-/-*0-	2/)34
5 

 

𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼	𝑜𝑜𝑜𝑜	𝐴𝐴 =
∫ $𝐴𝐴𝐵𝐵' + ∫ $𝐴𝐴𝐶𝐶' + ∫ $𝐴𝐴𝐷𝐷'………+ ∫ $𝐴𝐴𝑁𝑁'

𝑍𝑍
 

𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼	𝑜𝑜𝑜𝑜	𝐵𝐵 =
−∫ $𝐴𝐴𝐵𝐵' + ∫ $𝐵𝐵𝐶𝐶' + ∫ $𝐵𝐵𝐷𝐷'………+ ∫ $𝐴𝐴𝑁𝑁'

𝑍𝑍
 

𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼	𝑜𝑜𝑜𝑜	𝑁𝑁 =
−∫ $𝐴𝐴𝑁𝑁' − ∫ $𝐵𝐵𝑁𝑁' + ∫ $𝐶𝐶𝑁𝑁'………− ∫ $𝑀𝑀𝑁𝑁'

𝑍𝑍
 

 
𝐼𝐼𝐵𝐵𝑁𝑁 = |𝐷𝐷𝐷𝐷𝐼𝐼𝐷𝐷	𝐴𝐴| + |𝐷𝐷𝐷𝐷𝐼𝐼𝐷𝐷	𝐵𝐵| + |𝐷𝐷𝐷𝐷𝐼𝐼𝐷𝐷	𝐶𝐶| + ⋯+ |𝐷𝐷𝐷𝐷𝐼𝐼𝐷𝐷	𝑁𝑁| 

𝐼𝐼𝐵𝐵𝑁𝑁𝐼𝐼 =
𝐼𝐼𝐵𝐵𝑁𝑁
𝐼𝐼

 

 

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

If: 

!
"#$%&'()*+,-.-/-*0-	2/)34

"#$%&',-.-/-*0-	2/)34
5<!

"#$&%'()*+,-.-/-*0-	2/)34

"#$&%',-.-/-*0-	2/)34
5 

 

!
"#$%&'()*+,-.-/-*0-	2/)34

"#$%&',-.-/-*0-	2/)34
5>!

"#$&%'()*+,-.-/-*0-	2/)34

"#$&%',-.-/-*0-	2/)34
5 

 

𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼	𝑜𝑜𝑜𝑜	𝐴𝐴 =
∫ $𝐴𝐴𝐵𝐵' + ∫ $𝐴𝐴𝐶𝐶' + ∫ $𝐴𝐴𝐷𝐷'………+ ∫ $𝐴𝐴𝑁𝑁'

𝑍𝑍
 

𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼	𝑜𝑜𝑜𝑜	𝐵𝐵 =
−∫ $𝐴𝐴𝐵𝐵' + ∫ $𝐵𝐵𝐶𝐶' + ∫ $𝐵𝐵𝐷𝐷'………+ ∫ $𝐴𝐴𝑁𝑁'

𝑍𝑍
 

𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼	𝑜𝑜𝑜𝑜	𝑁𝑁 =
−∫ $𝐴𝐴𝑁𝑁' − ∫ $𝐵𝐵𝑁𝑁' + ∫ $𝐶𝐶𝑁𝑁'………− ∫ $𝑀𝑀𝑁𝑁'

𝑍𝑍
 

 
𝐼𝐼𝐵𝐵𝑁𝑁 = |𝐷𝐷𝐷𝐷𝐼𝐼𝐷𝐷	𝐴𝐴| + |𝐷𝐷𝐷𝐷𝐼𝐼𝐷𝐷	𝐵𝐵| + |𝐷𝐷𝐷𝐷𝐼𝐼𝐷𝐷	𝐶𝐶| + ⋯+ |𝐷𝐷𝐷𝐷𝐼𝐼𝐷𝐷	𝑁𝑁| 

𝐼𝐼𝐵𝐵𝑁𝑁𝐼𝐼 =
𝐼𝐼𝐵𝐵𝑁𝑁
𝐼𝐼

 

 

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

Where, i) When A/B is greater than or equal to a/b; 
ii) 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 
A:
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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:
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 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-1, 
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-1, 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 
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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 

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 ha-1.

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.
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Figure 1.  Production dispersion for the populations (CV (%) 
9.1 and 5.1 respectively). HPP, high productivity 
population; LPP, low productivity population.

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

Nutrient
High productivity populations Low productivity populations

Mean Standard 
deviation CV (%) Mean Standard 

deviation CV (%)

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-1) 68.40* 116.55 170.38 28.99* 19.35 66.77

Cu(mg kg-1) 6.65 4.94 74.31 6.85 3.14 45.82

Fe (mg kg-1) 157.15* 45.07 28.68 120.74* 33.49 27.73

Mn(mg kg-1) 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-1) 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 al., 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 (Ruíz-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 (González and Romero, 
2010).

Table 2.  Relationships and selected norms for IRHO oil palm in the central region of Colombia.

Relationships
High productivity populations Low productivity populations

Mean F CV (%) S2
H Mean F CV (%) S2

L S2
L /S2

H

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/Cl 4.30 0.70 16.40 0.50 4.53 0.68 15.09 0.47 0.94

100N/Zn 7.95 4.18 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

Continúa
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Continuation Table 2. Relationships and selected norms for IRHO oil palm in the central region of Colombia.

Relationships
High productivity populations Low productivity populations

Mean F CV (%) S2
H Mean F CV (%) S2

L S2
L /S2

H

100N/Fe 1.95 0.57 29.07 0.32 2.55 0.75 29.57 0.57 1.76

100N/Mn 1.43 0.42 29.78 0.18 1.35 0.74 54.79 0.55 3.02

N/S 10.45 1.11 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 31.91 0.98

P/K 0.27 0.09 33.32 0.01 0.26 0.13 49.33 0.02 1.98

P/Cl 0.40 0.12 29.25 0.01 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 4.90 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 2.01 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 0.01 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 1.11 0.24 21.27 0.06 0.61

Mg/K 0.28 0.10 36.25 0.01 0.28 0.12 43.42 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 73.71 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 4.17 72.13 17.42 5.19 4.01 77.21 16.04 0.92

100Mg/Fe 0.19 0.09 46.97 0.01 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 1.11 0.31 27.54 0.09 0.81

100Mg/B 1.37 0.71 51.67 0.50 1.30 0.61 46.66 0.37 0.73

Continúa
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Continuation Table 2. Relationships and selected norms for IRHO oil palm in the central region of Colombia.

Relationships
High productivity populations Low productivity populations

Mean F CV (%) S2
H Mean F CV (%) S2

L S2
L /S2

H

Cl/Ca 1.36 0.41 30.08 0.17 1.25 0.49 38.94 0.24 1.41

100Cl/Zn 1.87 0.98 52.40 0.96 2.70 1.02 37.78 1.04 1.08

100Cl/Cu 15.11 10.46 69.22 109.45 11.93 7.28 61.04 53.00 0.48

100Cl/Fe 0.47 0.16 34.85 0.03 0.58 0.19 32.64 0.04 1.33

100Cl/Mn 0.34 0.11 33.31 0.01 0.30 0.14 48.19 0.02 1.61

100Cl/S 2.49 0.50 19.84 0.25 2.63 0.54 20.39 0.29 1.17

Na/N 0.01 0.00 30.66 0.00 0.01 0.00 45.73 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 2.4

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 0.01 0.13 0.07 55.49 0.01 0.71

Cu/100Na 4.57 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 3.71 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 0.11 0.87

100S/Fe 0.18 0.04 22.97 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/100Cl 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 0.01 0.22 0.10 47.49 0.01 1.56

B/Mn 0.11 0.05 48.30 0.00 0.11 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, SL/SH: ratio of variances between high and low production populations, respectively. The elements N, P, K, Ca, Mg, Cl, Na, and S are 
presented in percentage, while the rest are in mg kg-1.
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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.

Nutrient DRIS Index

N 27.59

P -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>
Cl>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.
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