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SUMMARY

The present study aimed to establish the preliminary diagno-
sis and recommendation integrated system (DRIS) norms for 
the rubber tree clone FX3864 (Hevea brasiliensis) under the 
conditions of the Colombian Eastern Plains for the elements 
N, P, K, Ca, Mg, Na, S, Fe, Cu, Zn and B. For this purpose, 
77 foliar samples were taken from a 10- to 12-year-old com-
mercial crop. The element ratios that contributed the grea-
test variance between high- and low- productivity populations 
were selected for conversion into norms. Of the 132 possible 
ratios, 66 were selected, with ratios including P/N, N/K and 
NXCa proving most important. The most limiting nutrients 
were K and N when deficient and Ca and S when in excess.

Key words: Foliar analysis, mineral nutrition, diagnosis and 
recommendation, fertilization.

RESUMEN

El objetivo del presente trabajo fue obtener las normas preli-
minares de diagnóstico y recomendación integral DRIS para 
el cultivo de caucho clon FX3864 (Hevea brasiliensis) bajo 
condiciones de la altillanura colombiana para los elementos 
N, P, K, Ca, Mg, Na, S, Fe, Cu, Zn y B, para ello se tomaron 
77 muestras de tejido foliar de plantaciones comerciales con 
edades entre 10 y 12 años. Para la selección de las rela-
ciones que se convirtieron en normas se utilizó el método 
de mayor relación entre varianzas entre la población de baja 
productividad sobre la de alta productividad. De las 132 re-
laciones posibles se seleccionaron 66, destacándose relacio-
nes como P/N, N/K, NXCa. El nutriente más limitante es el K 
seguido del N por defecto y el Ca seguido del S por exceso.

Palabras clave: Análisis foliar, nutrición mineral, diagnóstico 
y recomendación, fertilización.

INTRODUCTION

The eastern plains of Colombia extend from the town of 
Puerto López (Meta) to the source of the Orinoco River. This 
area has a high agricultural potential, with an estimated 4.5 
million potentially arable hectares (Rivas et al. 2004). Agri-
cultural projects are being developed in the region with the 
hope of introducing crops such as soybean, sugarcane, oil 
palm and rubber, among others, as alternative crops for ow-
ners of both small and large farms.

In this region, rubber is principally found in the municipality of 
Puerto López, where there are commercial plantations in the 
productive and (primarily) growing stages. These plantations 
are managed at the nutritional level with fertilizer applications 
based on research from countries such as Malaysia, Brazil 
and India (DANE, 2010). This previous research was specific 
to the production zones in which it was conducted, and its 
applicability depends on the clone type, plant population, soil 
characteristics and environmental resources of the planta-
tion. Therefore, although production in the eastern plains of 
Colombia is not low (approximately 1800 kg ha-1 yr-1), it could 
be improved by determining the specific fertilization require-
ments for the particular soil conditions of the area.

The diagnosis and recommendation integrated system 
(DRIS) is a tool for correctly interpreting foliar analysis un-
der these conditions. DRIS was proposed by Beaufils (1973), 
based on research into plant physiology and nutrition, as an 
alternative to the nutritional evaluation of crops. In contrast 
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to approaches such as the critical-value or range-of-suffi-
ciency methods, DRIS is based on the utilization of nutrient 
ratios instead of absolute or individual concentrations. Some 
ratios among nutrients are more important than others for a 
specific crop, and these can be identified in high-productivity 
populations when compared to low-productivity populations, 
which nonetheless also occasionally display ideal or optimal 
ratios, as reported by Wadt & Dias (2012).

DRIS was initially developed using rubber crops in Vietnam, 
and subsequent refinements of the method were conducted 
in sugar cane and corn crops in South Africa by Beaufils 
(1973). At present, DRIS norms have been developed for 
crops such as roses, coffee, apples and citrus fruits, among 
others (Nachtigall & Dechen, 2007).

The DRIS method studies nutrient concentrations in the 
leaves of a crop to establish the interactions between pairs 
of nutrients, then uses the interactions observed in a high-
yielding population as references to develop norms (Mourão 
Filho, 2004). This method is based on the estimation of an 
index for each pair of nutrients (Dias et al. 2010a). DRIS 
norms are used for the nutritional evaluation of a low-yielding 
population, employing mathematical formulas derived from 
different DRIS functions (Beaufils, 1973; Jones, 1981; Wadt 
et al. 2007).

DRIS has advantages over other diagnostic methods because 
it generates an easily interpreted continuous scale, allows for 
the classification of nutrients from the most deficient to the 
most excessive, detects cases of yield limitation due to nutrient 
imbalances (including when no nutrients are below the critical 
level) and allows for a total nutritional diagnosis of the plant 
through the nutritional balance index (Huang et al. 2012).

Once the norms are established, DRIS indices are calculated 
for each nutrient. A negative index signifies that the element 
in question is deficient; if the index is positive, the element is 
present in excess; and if the index is near zero, the nutrient 
is present at an adequate or balanced level in the plant. 
The present study aims to establish the DRIS norms for 
the rubber crop clone FX 3864 under the conditions of the 
eastern plains of Colombia.

MATERIALS AND METHODS

Study area. The study was conducted in the town of Puer-
to López in the province of Meta, Colombia, in a 10-year-
old commercial rubber plantation located at 40o5’46’’N, 
72o57’30’’W and an altitude of 184 m. The soil is an Insep-
tic Hapludox, characterized by a high aluminum saturation 
and a low base saturation. The predominant texture is sandy 
loam. The chemical characteristics of the soil are shown in 
table 1.

Foliar and yield sampling. During the month of July 2010, 
recently matured leaves from the third medium plant were 
sampled. Sampling occurred between 06:00 and 10:00 of 
each day to reduce diurnal nutritional variability, according 
to the methodology proposed by Malavolta et al. (1997). In 
total, 80 samples were taken. The samples were prepared by 
removing the petioles, and the films were washed with tap 
water and dried in a cool environment before being sent to 
the laboratory.

The foliar samples were taken to the laboratory and, by 
means of dry digestion and atomic absorption, the elements 
K, Ca, Mg, Na, K, Fe, Cu, Mn and Zn were determined. In 
a similar manner, the colorimetric method was used to de-

Table 1. Descriptive statistics of the chemical soil attributes in the study area.

Attribute  (CV, %) Median Minimum Maximum

OM (%) 4.55(15.07) 4.49 2.98 6.17

P (mg kg-1) 3.64(23.05) 3.61 2.00 5.67

Al+H (cmol(+) kg-1) 1.75(15.31) 1.72 1.14 2.4

Al (cmol(+) kg-1) 1.44(17.22) 1.38 0.91 2.05

Ca (cmol(+) kg-1) 0.38(28.88) 0.34 0.21 0.69

Mg (cmol(+) kg-1) 0.11(10.81) 0.11 0.09 0.14

K (cmol(+) kg-1) 0.05(24.81) 0.05 0.02 0.07

Na (cmol(+) kg-1) 0.07(11.68) 0.07 0.05 0.08

CE (dS) 0.05(18.44) 0.05 0.03 0.07
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termine P and B; as well as wet digestion and the Kjeldahl 
method for N and turbidimetry for S.

Three latex measurements were conducted in the field to 
establish productivity. These measurements were taken in 
June, September and December, coinciding with the periods 
of high, medium and low precipitation, respectively, because 
the productivity of rubber is highly related to the water state 
of the plant (Ribeiro & Cássia, 2006). These measurements 
were made on the same trees from which the foliar samples 
were taken.

Samples without productivity information or with a produc-
tivity of zero were eliminated from the study. Information re-
garding the planting date, area and production of each of the 
remaining analyzed lots was compiled.

Data analysis. Populations were separated using the 
descriptive statistics described by Wadt et al. (1999): samples 
in the highest quartile of productivity, averaged over the three 
latex measurements, were considered to represent high 
productivity, and those below that quartile were considered 
to represent low productivity.

DRIS norms. After the populations were selected, the 
coefficients of variation, minima, maxima and variances for 
each element, as well as the ratios between each element, 
were calculated in both the high- and low-productivity 
populations. The element ratios that contributed the greatest 
variance between high- and low-productivity populations 
were selected for conversion into norms, as proposed by 
Summer (1990), who stated that

If [s2 (A/B)b / s
2 (A/B)r]> [s2 (B/A)b / s

2 (B/A)r], then
the norm and the relationship chosen ratio = A/B;
If [s2 (A/B)b/ s

2 (A/B)r] <[s2 (B/A)b / s
2 (B/A)r], then,

the norm and the relationship chosen ratio = B/A;

where s2 (A/B)r is the difference of the ratio between the vari-
ances of the concentrations of the nutrients A and B in the 
reference population (r) and s2 (A/B)b is the difference of the 
ratio between the variances of the concentrations of the nu-
trients A and B in the low-productivity population (b).

Nutritional balance index. The nutritional indices (NI) were 
calculated using the methodology proposed by Beaufils 
(1973):
If A/B < a/b, then
f(A/B) = (A/B – a/b)/ sa/b x (a/b / A/B);
otherwise,
f(A/B) = (A/B – a/b)/ sa/b,

where f(A/B) is the DRIS function for any two nutrients (A and 
B), A/B is the ratio between nutrients A and B in the sample, 

a/b is the ratio between nutrients A and B in the reference 
standard and sa/b is the standard deviation of ratio A/B from 
the reference standard.

The sum of the values for the modulus of the NI of all nu-
trients constituted the nutritional balance index (NBI), and 
the nutrient average balance index (IBNm) was obtained by 
dividing this value by the number of NBI nutrients according 
to the expression IBNm = (│NI_A│+ │NI_B│ + │NI_C│ 
+...+ │NI_N│/n, using as samples the averages of the low-
yield population (Dias et al. 2011; Sánchez et al. 2009).

RESULTS AND DISCUSSION

Foliar description and population separation. The median 
values of N and K were deficient, at 2.85% and 0.67%, res-
pectively (Table 2); the median value of P was at an adequate 
level of 0.27%. These conclusions are based on the values 
reported by Pushparajah & Teng (1972), who observed that 
the content of N in rubber leaves on the basis of dry mass is 
between 3.30% and 3.70%, that of P is between 0.209% and 
0.25% and that of K is between 1.30% and 1.60%.

After eliminating those samples without complete produc-
tivity information from the database, 77 samples remained, 
exhibiting a normal distribution. The medium productivity 
of these samples was 1802.8 kg ha-1 yr-1, with a minimum 
of 392.0 kg ha-1 yr-1 and a maximum of 3492.7 kg ha-1 yr-1. 
These results suggest that the samples adequately represent 
the variation of the study area, a requirement for the develop-
ment of DRIS norms (Maia, 2012).

The most productive quartile, the high-productivity/reference 
population, contained 19 of the 77 samples, with a minimum 
production threshold of 2183.4 kg ha-1 yr-1 (Table 3); 58 of 
the 77 samples were below this threshold and made up the 
low-productivity population. This division meets the criterion 
of Reis Junior & Monnerat (2003), who suggested that the 
high-productivity population should consist of at least 10% 
of the samples.

The median nutrient concentrations of N, K, Ca and Mg, 
among others, were greater in the high-productivity popula-
tion; concentrations were similar between populations for P 
and greater in the low-productivity population for B and S. Be-
cause foliar analysis was conducted at the peak of production, 
elements such as N, Ca and Mg may have been in greater de-
mand for latex formation than the other elements in the study.

Nutrient concentrations for the high-yield population were, 
in general, lower than those reported by Flores et al. (2004) 
in a study conducted in Venezuela on the clones IAN 873, 
IAN 710 and FX 3864, with the exception of Ca. The levels 
detected in the present study were, however, in agreement 
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Table 2. Mean values of the foliar nutrients of the rubber (Hevea brasiliensis) clone FX 3864 in the eastern plains of Colombia.

Nutrient CV(%) Minimum Maximum

Yield (kg ha-1 yr-1) 1802.80 30.35 392.00 3492.70

N (%) 2.85 12.05 2.15 3.86

P (%) 0.27 20.67 0.17 0.44

K (%) 0.67 32.92 0.12 1.40

Ca (%) 0.68 29.96 0.33 1.37

Mg (%) 0.23 41.82 0.06 0.62

Na (%) 0.02 49.91 0.007 0.09

S (%) 0.08 104.23 0.03 0.52

Fe (mg kg-1) 162.94 42.63 15.34 388.19

Cu (mgkg-1) 8.30 66.90 4.002 40.02

Mn (mg kg-1) 140.23 39.90 50.03 336.17

Zn (mg kg-1) 12.40 39.18 6.00 33.35

B (mg kg-1) 121.55 20.80 67.91 218.03

Table 3. Mean (x), minimum (Min.), maximum (Max.) values of foliar nutrients for high- and low-productivity populations of the 
rubber (Hevea brasiliensis) clone FX 3864 in the eastern plains of Colombia.

Nutrient
High yield population Low yield population

 (CV, %) Min. Max.  (CV, %) Min. Max.

Yield (kg ha-1 yr-1) 2550.1(14.27) 2138.4 3492.7 1558(21.31) 392 2084.9

N (%) 2.97(12.36) 2.36 3.64 2.81(11.68) 2.15 3.85

P (%) 0.27(16.62) 0.19 0.36 0.27(21.95) 0.17 0.43

K (%) 0.67(23.4) 0.43 1.01 0.66(35.69) 0.12 1.41

Ca (%) 0.71(26.83) 0.42 1.14 0.66(31.06) 0.33 1.37

Mg (%) 0.25(47.27) 0.10 0.62 0.21(38.74) 0.06 0.48

Na (%) 0.01(21.94) 0.01 0.02 0.02(55.66) 0.00 0.09

S (%) 0.06(18.85) 0.03 0.078 0.08(111.84) 0.03 0.51

Fe (mg kg-1) 166.2(54.45) 30.7 388.2 161.87(38.3) 15.34 380.86

Cu (mg kg-1) 9.34(81.86) 4.00 40.02 7.95(59.16) 4.00 40.02

Mn (mg kg-1) 153.00(50.29) 50.00 295.5 136.04(34.72) 67.37 336.17

Zn (mg kg-1) 13.38(44.93) 6.67 33.35 12.08(36.69) 6.00 25.34

B (mg kg-1) 118.54(20.89) 67.91 173.35 122.54(20.88) 70.5 218.03

with those reported by Bataglia et al. (1988) for rubber trees 
in Brazil, with a production level greater than 1500 kg ha-1 yr-1. 
Both that study and the present study reported lower levels 
of N and P and higher levels of Mg than those suggested by 
Pushparajah & Teng (1972) to be adequate for the develop-
ment of rubber in Malaysia. It must be considered that, ac-

cording to the type of material and its genetics, nutrient con-
tents vary to greater or lesser degrees (Mendes et al. 2012), 
and although previous studies provide reference levels, it is 
possible that plants exhibit different nutrient requirements 
depending on their different growing conditions (Bataglia et 
al. 1998; Nguyen, 2013).
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DRIS norms. The respective norms of the high- and low-
productivity populations were determined as coefficients 
or products, whichever was more appropriate in each case 
(Table 4). The coefficients of variation were highest for the 
ratios involving Fe, Cu and S. This result is due to the high 
coefficients of variation for these elements in the global da-
tabase (Table 2), a situation that is generally true for the de-
termination of DRIS norms, as reported by different authors 
(Nachtigall & Dechen, 2007). Flores et al. (2004) concluded 

that this situation does not complicate the interpretation of 
the norm, as the coefficient values represent the real varia-
tion that exists for the nutrient contents of rubber popula-
tions with average yield.

The norms obtained for the ratios and products of the 
elements were selected based on which contributed the 
greatest variance between the high- and low-productivity 
populations. Of the 132 possible ratios, 66 were selected, 

Ratio  CV(%) S2 F(Sb/Sa) Ratio  (CV %) S2 F(Sb/Sa)
P/N 0.09(15.1) 1.9x10-4 2.13 100Ca/Fe 0.59(73.26) 0.186 1.24

N/K 4.69(27.51) 1.669 5.51 100Ca/Cu 9.21(27.33) 6.337 3.74

NXCa 2.13(27.64) 0.349 0.84 100Ca/Mn 0.53(32.98) 0.031 1.04

CaXN 2.13(27.64) 0.349 0.84 Zn/100Ca 0.19(41.94) 0.006 1.49

NXMg 0.76(51.24) 0.153 0.38 B/100Ca 1.72(26.63) 0.21 2.19

Na/N 0.006(25.58) 2.87x10-6 6.13 Na/Mg 0.08(34.79) 9.2x10-4 2.89

S/N 0.02(23.87) 2.76x10-5 48.19 S/Mg 0.29(42.61) 0.016 7.34

100N/Fe 2.5(86.08) 4.631 0.73 Fe/100Mg 7.85(61.05) 22.97 1.14

100N/Cu 39.47(33.39) 173.773 0.84 100Mg/CU 3.31(51.12) 2.871 0.81

100N/Mn 2.41(43.86) 1.12 0.50 Mn/100Mg 6.61(49.13) 10.559 1.02

100N/Zn 25.4(35.09) 79.44 1.17 Zn/100Mg 0.60(46.65) 0.077 1.32

100N/B 2.65(31.7) 0.707 0.48 B/100Mg 5.44(41.6) 5.137 2.52

P/K 0.42(26.09) 0.012 4.77 S/Na 3.51(31.65) 1.235 13.71

PXCa 0.19(26.03) 0.002 2.30 100Na/Fe 0.01(65.84) 1.04x10-4 3.41

PXMg 0.06(47.82) 0.001 0.99 100Na/Cu 0.25(42.35) 0.012 4.43

Na/P 0.07(27.56) 4.12x10-4 6.60 100Na/Mn 0.01(49.93) 5.89x10-5 3.74

S/P 0.24(25.35) 0.003 39.06 100Na/Zn 0.16(34.66) 0.003 3.19

100P/Fe 0.22()77.82 0.03 0.67 100Na/B 0.01(33.65) 3.3x10-5 3.28

100P/Cu 3.59(37.34) 1.801 0.87 100S/Fe 0.05(81.14) 0.001 6.65

Mn/100P 5.79(54.78) 10.073 0.48 100S/Cu 0.83(34.19) 0.081 17.15

100P/Zn 2.27(34.68) 0.623 1.20 100S/Mn 0.05(53.69) 8.06x10-4 9.76

KXCa 0.49(38.34) 0.035 1.03 100S/Zn 0.54(39.38) 0.046 29.44

KXMg 0.17(51.44) 0.008 1.08 100S/B 0.05(20.14) 1.2x10-4 31.83

Na/K 0.02(26.77) 6.4x10-5 12.63 Cu/Fe 0.06(79.06) 0.003 1.76

S/K 0.09(26.06) 6.7x10-4 43.00 Mn/Fe 0.01(90.77) 1.4 0.98

100K/Fe 0.55(77.31) 0.184 2.82 Zn/Fe 0.10(74.69) 0.006 1.18

100K/Cu 8.80(36.23) 10.176 1.66 B/Fe 0.97(81.92) 0.641 1.03

Mn/100K 2.29(44.99) 1.067 3.33 Mn/Cu 19.46(49.2) 91.701 1.25

Zn/100K 0.20(35.12) 0.004 6.23 Zn/Cu 1.78(47.33) 0.71 0.81

B/100K 1.82(25.07) 0.21 9.28 B/Cu 15.48(37.28) 33.31 1.11

Ca/Mg 3.21(34.64) 1.241 1.62 Mn/Zn 12.07(48.77) 34.621 0.73

Na/Ca 0.02(29.22) 6.8x10-5 8.21 B/Mn 0.94(44.73) 0.179 0.73

S/Ca 0.09(28.31) 7.1x10-4 39.19 B/Zn 9.90(35.93) 12.678 1.35

Table 4. DRIS norms for the rubber (Hevea brasiliensis) clone FX 3864 in the eastern plains of Colombia.
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with ratios including P/N, N/K and NXCa proving most 
important. These ratios exhibited clear differences with the 
results of previous research on rubber trees conducted by 
Flores et al. (2004): for example, the P/N ratio was 0.07 in the 
Flores study and 0.09 in the present study, indicating greater 
quantities of P for the high-yield population in the present 
case. Bataglia & Santos (1999) concluded that low levels of 
P in the soil and leaves negatively affect the productivity of 
rubber trees in soils of otherwise high fertility.

For the N/K and NXCa ratios, Flores et al. (2004) obtained 
values of 6.67 and 1.07, respectively, whereas the values ob-
tained in the present study were 4.69 and 2.13, respectively. 
Norms can vary significantly from one region to another, as 
has been previously reported (Dias et al. 2010b; Partelli et 
al. 2006). Bolton (1964) acknowledged these differences 
when he reported that the N, P and K standards for rubber 
obtained in Vietnam were inadequate for application in Ma-
laysian plantations due to their improper balance for high-
production populations.

The ratios involving K in the present study were either 
higher or lower than those reported by Flores et al. (2004), 
depending on K’s role as either a numerator or denominator, 
respectively. Higher levels of K overall were observed in the 
leaves of the present study, a difference that may impact 
productivity.

Nutritional balance index. Once the DRIS norms were es-
tablished, the nutritional diagnosis was conducted by calcu-
lating the DRIS indices for each nutrient (Table 5) and estab-
lishing the nutritional balance indices (NBI), grouping them 
from the most to the least limiting and using as samples the 
averages of the low-yield population, as has been proposed 
for coffee (Wadt & Dias, 2012), cupuaçu (Dias et al. 2011) 
and orange (Dias et al. 2013) in the Brazilian Amazon region.

Wadt et al. (1999) and Wadt (2005) stated that if the NI of an 
element is greater than the NBIm, it is possible to generate 
a productivity response by adjusting levels of that element. 
Elements such as N and K, for example, would cause higher 
productivity when added, whereas the restriction of elements 
such as S would lead to higher productivity.

In addition, the nutritional balance of the sample was calcu-
lated, and the order of nutrients in terms of importance was 
K>N>Cu>Zn>Mg>B>Mn>P>Fe>Na>Ca>S.

These results suggest that, for the case of the low-yield popu-
lation, the most limiting nutrients were K and N when defi-
cient and Ca and S when in excess. These results are concor-
dant with the levels found in the low-productivity population 
(Table 3) and support the results of Bataglia et al. (1998), 
who found that low contents of K and high contents of Ca 

induced deficiencies of K and N in rubber, respectively, nega-
tively influencing its productivity.

DRIS norms were established for a rubber crop on the east-
ern plains of Colombia based on 66 nutrient ratios. These 
norms supply a tool for interpreting the nutritional state of a 
rubber crop based on foliar analysis. The most limiting ele-
ment under the study conditions is K. The obtained norms 
establish the differences between high- and low-productivity 
populations, indicating which elements and factors should 
be considered for future crop management.

Table 5. Nutritional balance index (NBI) for the low-yield 
population of the rubber (Hevea brasiliensis) clone FX 
3864 in the eastern plains of Colombia.

Nutrient NBI

N -3.58

P -0.63

K -4.05

Ca 2.25

Mg -1.28

Na 1.73

S 9.68

Fe -0.19

Cu -2.34

Mn -0.93

Zn -2.37

B -1.13

NBI 30.16

NBIm 2.51
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