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ABSTRACT
Due to the demand in biofuel, the plant species that are not
eatable and do not compete with traditional crops in Colombia,
such as Jatropha curcas L., have become an important option.
To produce more knowledge on the growth of this species, the
research was carried out with different amounts of N and K
fertilizers applied during the first 435 days after sowing (das)
under dry tropical forest conditions. With the highest N dose
(150 kg ha-1), the largest leaf area index was obtained in all
evaluation period. The highest net assimilation rate (NAR)
values were seen in the treatment with 150 kg ha-1 of N at 75
das, 1.852 g m-2 d-1, with no differences presented among the
treatments with fertilizer application. The highest absolute
growth rate (AGR) was observed when 150 kg ha-1 of N+180 kg
ha-1 of K 2O were applied at the start of the reproductive phase
(345 das), 24.5 g d-1. The specific leaf area (SLA) did not present
a response to the treatments. The relative growth rate (RGR)
reached zero value at 402 das for the plants without fertilizers.
The accumulation of biomass in J. curcas was influenced by
the fertilizers with N and K, presenting rapid initial vegetative
growth (first 165 das) which decreased with the starting of the
reproductive phase.

Frente a la demanda de los biocombustibles, las especies
vegetales no comestibles que no compitan con los cultivos
tradicionales en Colombia, aparecen como una alternativa
importante, tal como Jatropha curcas L. Con el fin de generar
mayor conocimiento sobre el crecimiento de esta especie se
aplicaron diferentes dosis de fertilizantes con N y K durante
los primeros 435 días después de la siembra (dds) en zona de
bosque seco tropical. Con la mayor dosis de N (150 kg ha-1) se
obtuvo el índice de área foliar más alto en todos los momentos
de evaluación. Los mayores valores de la tasa de asimilación
neta (TAN) correspondieron al tratamiento de 150 kg ha-1 de
N y se presentaron a los 75 dds con 1,852 g m-2 día-1, sin presentar las diferencias entre los tratamientos de fertilización. La
mayor tasa absoluta de crecimiento (TAC) se observó cuando
se aplicaron 150 kg ha-1 de N + 180 kg ha-1 de K 2O al inicio de
la etapa reproductiva (345 dds) con 24,5 g día-1. El área foliar
específica AFE no presentó respuesta a los tratamientos, la tasa
relativa de crecimiento (TRC) llegó a un valor de 0 a los 402
dds para las plantas sin fertilizar. La acumulación de biomasa
en J. curcas estuvo influenciada por la fertilización con N y K,
presentando un rápido crecimiento vegetativo inicial (primeros
165 dds), el cual se disminuyó al pasar a la etapa reproductiva.
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Introduction
The decline of fossil resources and increased fuel consumption have promoted the search for alternatives to meet
energy demands (FAO, 2008), through renewable biomass
energy to produce biofuels (Ho et al., 2014). Jatropha curcas
(Euphorbiaceae) is a plant with high rusticity and easy
adaptation to various agroclimatic conditions, growing
in marginal areas with low soils fertility, which extends
the prospects for its cultivation in the semi-arid regions
of the world (Sato et al., 2007). The seeds contain between
27 and 42% of non-eatable oil whicht can be transformed
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RESUMEN

into biodiesel (Sato et al., 2007; Adebayo et al., 2017). The
seeds of J. curcas also could be used to feed animals as a
supplement of proteins of high nutritional value (Makkar,
2016). In spite of the numerous benefits presented by the
cultivation of J. curcas, its production has not been optimized, since factors such as fertilization, planting distances,
pruning and pest and disease management have been the
main aspects for establishment of its commercial cultivation (Silva et al., 2009; Ghosh et al., 2011). Information of
the fertilizer doses and sources, both organic and inorganic,
is still very limited (Fagam et al., 2012; Farouk et al., 2014).
However, it is reported that the growth and yield of J. curcas
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Studies about growth of J. curcas under edaphoclimatic
conditions of Colombia are scarce and few published results
are available on how the crop cultivation is affected by the
agronomic practices. The effects of environment on the
growth and development of J. curcas Brazil variety in two
localities in Colombia were studied by Pedraza and Cayón
(2010), who did not find significant differences for leaf area
(LA) and leaf dry weight (LDW) among the cultivation
zones, but rather between the leaf strata within the plants
since the middle and lower strata developed greater LA
and LDW. These results suggest that the plants can modify
morphological characteristics increasing the LA to capture
more light (Larcher, 2003). It has also been reported that
the absence of N severely decreases the biomass production,
plant growth, and leaf formation (Garrone et al., 2016).
Plant growth is defined as irreversible increase in size and
dry weight through development, with gradual and progressive changes in structures and their functions (Taiz et
al., 2014) and can be studied using mathematical models
that allow synthesizing and improving knowledge about
a productive system (López-Cruz et al., 2005). This approach allows evaluating possible strategies for agronomic
management and estimating potential yield with the use
of certain practices, especially application of fertilizers
(Cañizares et al., 2003).
In Colombia, up to date few research studies were undertaken on the growth and production of Jatropha so it is
necessary to obtain more information about the growth
of J. curcas in field conditions under agronomic practices,
such as fertilizer treatments, in order to reach high levels
of productivity. The objective of the present study was to
evaluate the effect of the application of different doses of
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N and K on the growth and accumulation of dry mass of J.
curcas in agroclimatic conditions of the tropical dry forest
of Valle Cálido del alto Magdalena, Tolima department.

Materials and methods
Plant material
Seeds of J. curcas, elite genotype M-3 obtained from the
genetic improvement program (Corpoica) were planted
in black plastic bags with a capacity of 4 kg using a 2:1:1
mixture (v/v/v) of sandy loam soil, 60% burnt rice husk
and a compost as a substrate (pH 5.5, 4.1% organic matter,
67.7 mg kg-1 P, 0.55 cmol kg-1 K) under 60% plastic mesh in
the nursery of Experimental Center Nataima (Corpoica),
Tolima province. During the nursery stage, the irrigation
was applied by spraying water twice a week up to the field
water capacity. Eight days after germination the mesh was
removed and the seedlings were left to free solar exposure.
When the plants reached between 5 and 6 true leaves and an
average of 35 cm height at 45 d after sowing (das), these were
transplanted into the field and evaluated during 435 das.
Climatic conditions during the evaluation period
The plant establishment in field was carried out during the
rainy season from May 2012 to July 2013 characterized by
an average air temperature of 27.8°C and relative air humidity between 70 and 85%. The mean precipitation was
64.7 mm/month and the evaporation was 85.4 mm/month
(Fig. 1). The crop development was not affected by water
availability since the supplemental irrigation was applied.
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plants are considerably influenced by the application of
fertilizers, but a balance must be established between the
increase in yields and the optimum level of N:P:K fertilizers, to use this species as a large-scale commercial crop
(Mohapatra and Panda, 2011). Macro and micronutrient
deficiencies in J. curcas plants can limit the plant development and dry mass production (Silva et al., 2009). When
analyzing the relationships between the macronutrients
absorbed by J. curcas, Laviola and dos Santos-Dias (2008)
found the N:K ratios of 2.3:1 in leaves and of 1.4:1 in fruits
indicating that remobilization of K from the leaves and
stems to the fruits is higher than that of N. Likewise, the
growth characters, such as plant height, leaf number, leaf
area, and growth rates were significantly affected by the
fertilizer types and doses and plant density (Kalannavar
et al., 2009; Owolabi et al., 2016).

100
80
60
40
20
0

May Jun Jul Ago Sep Oct Nov Dic Ene Feb Mar Abr May Jun Jul
Months

FIGURE 1. Precipitation and evaporation rates during the evaluation period of J. curcas in field, Nataima, Tolima (2012-2013).

Plant establishment and fertilizer application
The planting distance in field was 3 m between the rows
and 2 m between the plants. Twenty-four plants were used
for each treatment, separated by a border row, for a total
of 1,184 plants. The crop was established in a sandy loam
Agron. Colomb. 35(2) 2017

soil described as an Inceptisol of ustic moisture regimen
(Tab. 1), without presence of exchangeable aluminum, with
low sodium levels, electrical conductivity lower than 1.0 dS
m-2 s-1, good drainage, and classified as Typic Haplusterts
(IGAC, 2004).

165, 255, 345, and 435 das. The aerial part of the plants was
separated into organs (stems, leaves, flowers, and fruits)
and the fresh weight of each organ was obtained, and then
dried in the oven (Memmert® DIN-IP20, Schwabach,
Germany) for 72 h at 70°C until a constant dry weight.
For determination of specific leaf area, 30 leaves of each
sampled plant were taken (10 of each of the three foliar
strata of the plant) and leaf area photographs were taken
with a digital camera (Canon® Eos Rebel Xsi, 494x452
pixels, Tokyo, Japan) that were processed with ImageJ®
1.45k software in order to calculate leaf area; after leaves
were dried in the oven separately from the rest of the plant.
The stems, after being weighed in fresh, were chopped and
grinded in a mill (IKA®-Werke M-20, Staufen, Germany)
and the dry weight of stems was determined. Leaf area
index (LAI) was obtained using a quantum bar (AccuPAR
LP-80, Decagon Devices Quantum Bar, Pullman, WA,
USA). These measurements were performed on 4 plants of
each treatment, between 11:00 am and 1:00 pm, to minimize the effect of shadow projection of the plant canopy.
Based on the measurements performed, the indices listed
in Table 2 were calculated according to Hunt et al. (2002)
and Gardner et al. (2003).

The sources of fertilizers were urea for nitrogen and potassium chloride for potassium. Macronutrients P, Ca, Mg, S
and micronutrients deficient in soil (Mn, Zn, and B) were
applied to the soil before transplanting in equal doses for
all treatments of 46.0 kg ha-1 P2O5; 44.0 kg ha-1 Ca; 18.8 kg
ha-1 Mg; 27.2 kg ha-1 S; 3.2 kg ha-1 Mn; 2.4 kg ha-1 Zn, and
1.0 kg ha-1 B. These were calculated considering the results
of soil analysis and the estimated values of plant extraction
for these elements (ICA, 1992; Montenegro et al., 2014).
Twelve fertilization treatments consisted of combinations
of doses (kg ha-1) of nitrogen (N) and potassium (K2O) were
arranged in incomplete factorial design: N0:K0, N0:K120,
N50:K60, N50:K120, N150:K180, N100:K0, N100:K60,
N100:K120, N100:K180, N150:K60, N150:K120, and
N150:K180. The plants were fertilized every three months
starting one month after transplanting. The fertilizers were
applied uniformly in crown shape around each plant and
covered with a soil layer of approximately 1 cm. The control
of weeds during the first 180 das was done manually around
the plants following a plateau patron and complemented
with manual labor and tractor operated light dredge between the rows. No pest control was performed during the
development of the experiment.

Statistical analysis
The statistical analysis was focused on the adjustment
of curves for each index. For AGR, NAR, and RGR, each
response used the evaluation time (75, 165, 255, 345, and
435 das) as an explanatory variable. The combinations of N
levels (0, 50, 100, and 150 kg ha-1) and of potassium nested
in N K(N) (0, 60, 120, and 180 kg ha-1) formed the factors
among the subjects. The potassium factor was nested with
nitrogen factor because different levels of potassium factor
were combined with a single level of nitrogen factor and

Variables evaluated
Five destructive samplings of plants were taken 1.5 months
after each fertilization event which corresponded to 75,

TABLE 1. Chemical characteristics of Ap horizon of soil, where the plants of J. curcas were established.
Horizon

Ap (0-18 cm)

pH

Soil O.M.
(%)

P

1.21

39.8

6.3

Exchangeable cations

S

Ca

mg kg-1

Mg

K

CEC

Micronutrient contents
Fe

Cu

cmol+ kg-1
2.6

4.7

1.12

0.24

Mn

Zn

B

0.14

0.2

mg kg-1
6.19

36

1.27

2.6

Chemical analysis of soil was done according to methodology of IGAC (2006).

TABLE 2. Growth indexes calculated for J. curcas with different fertilization treatments.
Indices of growth

Abbreviations

Formula

Units

Relative growth rate

RGR

(1/SDW)x(dSDW/dt)

(g g-1 d-1)

Net assimilation rate

NAR

(1/LA)x(dSDW/dt)

(g m-2 d-1)

Leaf area index

LAI

LA/AS

Adimensional

Specific leaf area

SLA

LA/LDW

(cm2 g-1)

Absolute growth rate

AGR

dSDW/dt

(g d-1)

SDW: shoot dry weight; t: time; LA: leaf area; AS: area of soil surface; LDW: leaf dry weight.
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Results and discussion
The LAI represents the projection of leaf area on the soil
plane. The leaves in some perennial crops of tropical and
subtropical climate can reach 100% of the ground cover;
however, this is not related to a maximum efficiency in
the interception of radiation because of increased foliage
overlap (Gardner et al., 2003). J. curcas increased LAI over
the time after sowing, reaching the highest LAI values at

the end of the evaluated period (435 das). Regarding the
treatments with N, the treatment of 150 kg ha-1 presented
the LAI of 2.83 and the control without fertilization had
LAI of 1.425 (Fig. 2A). With the highest dose of N (150
kg ha-1) the maximum LAI was obtained at all moments
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The analysis of the nested effects of K(N=150) indicated a
small increase in LAI for the control treatment reaching
1.645 but being much lower than the value of 2.320 obtained
with the highest dose of K 2O (80 kg ha-1) in combination
with the different levels of N (Fig. 2B). According to the
bars of the standard error, the potassium doses (60, 120,
and 180 kg ha-1) nested in the average dose of N resulted in
statistically same LAI, although the highest dose of K (180
kg ha-1) produced the highest average LAI at all moments
of evaluation; these treatments differed in LAI only with
the control. The LAI presented a higher rate of increase
(greater slope) between 165 and 255 das, at the end of the
vegetative stage that lasted for 5 months and ended with
the emission of floral primordia, thus, at the beginning of
the reproductive phase. The end of the vegetative phase
corresponded to an active period of crop development,
where the plants increased leaf area to produce more photosynthates, expanding the crown and presenting more
growth. This period of higher leaf formation coincided
with the rainy season (Fig. 2), which, possibly, facilitated
the availability of mineral nutrients to the plants. It is possible that, in this period, the plants of J. curcas reached an
B

N 50 kg ha⁻¹
N 150 kg ha⁻¹

Precipitation (mm)

LAI

A

of evaluation. In treatments with N, the standard error
bars indicated that there was no statistical difference between the doses of 50 kg ha-1, 100 kg ha-1 and 150 kg ha-1;
however, these treatments statistically differed from the
control. These results are consistent with Albéniz (2011),
who reported LAI mean values ranging between 1.674 and
3.596 in J. curcas for two localities in Mozambique; these
values were

higher in fertile soils, probably due to greater
availability of nutrients, increasing leaf area and dry mass
production and allowing greater coverage of soil and a
high leaf area index.

K 0 kg ha⁻¹ (N)
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Precipitation
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the number of potassium levels nested at each nitrogen
level was not the same. The obtained indices were vectorial ones, so that was the vector of absolute growth
rate, which had 60 elements (12*5), corresponding to the
12 treatments and 5 evaluation moments. The vector of
net assimilation rate had 240 elements (12*5*4), since it
incorporated the measurements of each of the replicate
(m = 1, 2, 3, 4). The index also had 60 index elements
corresponding to the 12 treatments and 5 evaluation
moments. The extent of adjustment of each index was
based on the adjusted coefficient of determination and
the method of obtaining the indices was based on the
least-squares estimation (Lancaster and Šalkauskas, 1986).
For the indexes LAI and SLA were obtained directly, the
respective profiles were made by dose of N and of K nested
in the different doses of N at the different moments of
evaluation. The choices of the best level for N or K nested
with N were selected under the criterion of the standard
error bars (Cumming et al., 2007).
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FIGURE 2. Leaf area index (LAI) of J. curcas subjected to different levels of N (A) and of K nested in N, K(N=150); (B). Error bars indicate standard

error.
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The NAR indicates the amount of total biomass accumulated as a function of leaf area in a given time (Gardner et
al., 2003). In this regard, Pearcy et al. (1989) argued that
NAR is a measure of the efficiency of leaves to produce
new growth. J. curcas presented a downward trend from
75 to 345 das (Fig. 3A), the lowest values were observed at
345 das coinciding with the dry period (January-March,
2013). At the end of the evaluation period, in the months
of highest precipitation (April-June, 2013) up to 435 das
the NAR presented a slight increment.
The decrease in NAR observed in J. curcas can be attributed
to the senescence of leaves and increase in leaf area that
generated the high LAI, so that the upper leaves caused
self-shading reducing the incident radiation on the leaves
of the medium and lower strata; this, probably, decreased
the canopy capacity to maintain a positive carbon balance,
an effect that has been reported in other species (Scott and
Batchelor, 1979; Escalante-Estrada, 1999). The NAR did not
present statistical differences between the levels of N and
between the levels of K nested in N according to the bars
of the standard error. The highest NAR value of 1.852 g
m-2d-1 was obtained 75 das in the treatment with 150 kg ha-1
N and the lowest one of 1.633 g m-2d-1 was recorded in the
control treatment (Fig. 3A). Similar results were reported by
Laviola and dos Santos-Dias (2008), who additionally found
that N had the highest concentration among the primary
macronutrients in the leaves of J. curcas. The NAR was
influenced by the distribution of precipitation presenting
a small increase with the increase of rainfall and low values
in periods of low precipitation (Fig. 3).

N 0 kg ha⁻¹
N 100 kg ha⁻¹
Precipitation

The RGR represents the efficiency of the plant to produce
new tissues from the existing ones (Hunt, 2003). This index
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The AGR represents the efficiency in the production of
plant dry mass per unit of time (Hunt, 2003). The highest
AGR during the crop development was obtained for the
treatment with 150 kg ha-1 of N, reaching 24.5 g d-1 at 435
das, while the lowest AGR presented the control treatment,
without N, with 9.9 g d-1 at 435 das (Fig. 4A). When analyzing the nested effect of K(N) on the growth, the AGR had
the highest values w
 ith the application of 180 kg ha-1 of K2O
as compared to 23.2 g d-1 average AGR for the treatments
with different levels of N; the lowest AGR values w
 ere observed in the control treatment, without K, with 12.0 g d-1
(Fig. 4B). Starting from 345 das, the treatments without N
and K differed within the treatments with N (50, 100, and
150) and K (60, 120 and 180), with no statistical differences
found between the doses according to the criterion of error
bars. The progressive increases in dry mass accumulation
observed in J. curcas, for the treatments with the highest
N and K doses were, probably, related to a high availability
of nutrients and a greater efficiency in the absorption and
accumulation of nutrients for formation of new tissues,
the latter is in accordance with findings of Del Valle and
Lema (1999).
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The coefficient of variation for each dose of N and for K
nested in N at each evaluation moment presented values
higher than 30% indicating a greater relative dispersion
of this index and making the mean less representative for
the treatment. The calculations of median and its associated standard error indicated that the control plants had
the lowest NAR in comparison to the treatments with N
and K applications, based on the standard error bars of
the median.
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adequate C/N equilibrium to enter the reproductive phase
(Hernández et al., 1995).
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FIGURE 3. Net assimilation rate (NAR) of J. curcas submitted to different levels of N (A) and of K nested in N, K(N=150); (B). Error bars indicate

standard error.
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did not present statistical differences for the simple effects
of N nor for the nested K(N) effect. All fertilization treatments with N showed the highest values of RGR (28.0 mg
g-1day-1) during the period of plant establishment in field up
to 75 das (Fig. 5A). This indicates that, at the initial phase
corresponding to the vegetative stage of development up to
165 das, the young plants of J. curcas had active cell division
forming a large amount of new tissues, so that there was
greater accumulation of dry mass. Both the simple effect
of N and nested K(N) showed a very similar behavior in
the RGR throughout the evaluation period, with values
ranging between 19.2 mg g-1d-1 and 24.1 mg g-1d-1 at 75 das
that gradually declined to zero about 435 das. One of the
factors that, probably, contributed to the decrease of RGR
was leaf abscission, since as the trees increased in size, leaf
abscission also increased, thus, reducing the RGR; a similar
behavior was reported by Del Valle and Lema (1999). According to Villar et al. (2014), the decrease in RGR could
also be associated with defoliation caused by drought;

A

The SLA is an indicator of leaf thickness and defined as the
ratio between leaf area and leaf dry weight (Hunt, 2003).
Although it is a physiological index affected by external
environmental factors (Pearcy, 1989), there were no differences in response to the application of N, based on the
criterion of the standard error bars (Fig. 6A).
The lowest SLA values were obtained for the control
treatment, without nitrogen, in the last three evaluation
moments compared to the plants fertilized with 150 kg
ha-1 of N at the same moments; this, probably, was due to
a higher photosynthetic activity of the plants caused by
a higher content of N as has been reported by Yong et al.
(2010). The nested effect of K(N) was similar at different
evaluation times (Fig. 6B). However, SLA increased at 345
das because the leaf area was maintained but the leaf dry
weight increased, probably, due to increasing leaf thickness
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however, this factor was not relevant in the present research,
since a supplemental irrigation was applied.
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FIGURE 4. Absolute growth rate (AGR) of J. curcas subjected to different levels of N (A) and of K nested in N, K(N) (B) Error bars indicate standard

error.
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FIGURE 5. Relative growth rate (RGR) of J. curcas subjected to different levels of fertilization with N (A), and of K nested in N, K(N) (B). Error bars

indicate standard error.
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FIGURE 6. Specific leaf area (SLA) of J. curcas submitted to different levels of fertilization with N (A) and of K nested in N, K(N) (B). Error bars

indicate standard error.

that coincided with the period of low precipitation presenting values among 143 cm2 g-1 and 154 cm2 g-1, which were
slightly lower (18% less) than the 170 cm2 g-1 value reported
by Maes et al. (2009). The SLA presented an inversely
proportional behavior to the precipitation rates, since the
highest SLA values c oincided with the dry periods with low
precipitation (Figs. 6A and B), which indicates the influence
of precipitation on the behavior of the SLA.
The diagrams of lines presented for the different indices
were obtained with the data observed in field and, since
the lines had homogenized behaviors, it was possible to
adjust the curves for the indices, which are a function of
time by definition. Thus, using the least squares estimation, the adjusted models were obtained by the treatment

for AGR, NAR, and RGR indices. In addition, the values of
determination coefficient R2 were acquired as the criterion
of the adjustment found. Table 3 presents the estimated
coefficients of each model for NAR and RGR, with R 2
adjustments above 97.09%.
According to each of these models, a set of subscripts was
incorporated in each index (j = 1, 2, ..., 5) associated with
each treatment (i = 1, 2, ..., 12), every moment of evaluation
and each repetition, in the case of NAR (m = 1, 2, 3, 4).
The prediction model for AGR was used to obtain NAR
equation, since this index is different from AGR due to
incorporation of leaf area value into the formula. In the
case of RGR, the adjustment was made for the dry weight

TABLE 3. Coefficients for the intercept, slope and R2 of the regression equations for each fertilization treatment with N and K2O for the growth indices
NAR and RGR
Fertilizer
treatment

Dose N+K 2O kg ha-1

1

Model adjusted for NAR

Model adjusted for RGR

ai

bi

Ri 2

ci

di (*10 -5)

Ri 2

50+60

0.76482

0.33616

99.14

0.0343323

8.18784

99.14

2

50+120

0.90292

0.32239

98.36

0.0328529

7.80820

98.36

3

50+180

0.65751

0.35010

98.33

0.0350756

8.74338

98.33

4

100+60

0.95175

0.33015

99.18

0.0332959

7.88184

99.18

5

100+120

1.01451

0.32289

98.53

0.0322565

7.48634

98.53

6

100+180

0.98360

0.33207

98.88

0.0341915

8.21694

98.88

7

150+60

0.89822

0.33434

98.78

0.0349023

8.50264

98.78

8

150+120

1.01849

0.34214

99.05

0.0348725

8.25044

99.05

9

150+180

1.11120

0.33090

98.95

0.0326926

7.65036

98.95

10

0+120

0.51463

0.32379

99.55

0.0346665

8.61508

99.55

11

100+0

1.02803

0.31856

99.22

0.0327872

7.76764

99.22

12

0+0

0.61110

0.30946

97.09

0.0337430

8.27470

97.09
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of leaves in each evaluation moment (das) and by treatment,
associated to the doses of N and K2O. The coefficients associated with AGR were the same ones as those of NAR;
the difference was in the measures of the rates, since AGR
is directly proportional to NAR and inversely proportional
to the leaf area.
The equation (1) presents the expression of the adjusted
AGR:

therefore, increased AGR. The SLA was not influenced by
fertilization treatments throughout the evaluation period.
From the analysis of functions and with the application of
equations obtained for the growth indices, it was obtained
that the RGR was null at 402 and 405 das for the plants
that were not fertilized and the plants that only received
potassium at doses of 120 kg ha-1.

Acknowledgments
The authors express their gratitude to the Colombian
!
(1)
𝐴𝐴𝐴𝐴𝐴𝐴!" = ! !! 𝑒𝑒𝑒𝑒𝑒𝑒 𝑎𝑎! +!!𝑏𝑏! 𝑡𝑡! !!
(1) (Corpoica) and the
Corporation for Agricultural Research
𝑎𝑎 + 𝑏𝑏! 𝑎𝑎
𝑡𝑡!! + 𝑏𝑏! 𝑡𝑡!
(1)
! 𝐴𝐴𝐴𝐴𝐴𝐴!" = 𝐴𝐴𝐴𝐴𝐴𝐴𝑒𝑒𝑒𝑒𝑒𝑒
!!
(1)
! !! !" = ! !! 𝑒𝑒𝑒𝑒𝑒𝑒
Directorate of Nataima
Research Center for
facilitating the
𝐴𝐴𝐴𝐴𝐴𝐴!" = ! ! 𝑒𝑒𝑒𝑒𝑒𝑒 𝑎𝑎! + 𝑏𝑏! 𝑡𝑡!
(1)
!
!
This generic expression for each treatment reaches its area for the study. The gratitude is extended to Dr. Eduar!
! in the last evaluation
minimum
value
= 1/𝑏𝑏𝑡𝑡!!, such
𝑡𝑡!"tij=
𝑡𝑡!" =!1/𝑏𝑏
do Barragán and Dr. Fernando Campuzano for financial
= 1/𝑏𝑏as,
! , in
!,
1/𝑏𝑏! =
, !! 𝑒𝑒𝑒𝑒𝑒𝑒 𝑎𝑎 + 𝑏𝑏 !"𝑡𝑡
𝑡𝑡!" =𝐴𝐴𝐴𝐴𝐴𝐴
(1)Transitional Crops Program and the
!
!
!
moment!" (j=435),
the
fertilizer
treatment
9
(Table
3)
(i=9)
!
support through the
𝐴𝐴𝐴𝐴𝐴𝐴!" = !! !!!! 𝑒𝑒𝑒𝑒𝑒𝑒 𝑎𝑎! + 𝑏𝑏! 𝑡𝑡!
(1)
!In this case, a = 1.11120, b = 0.33090 and
is N150:K180.
National
Agroenergy Program of Corpoica, respectively,
9 1.11120,
9 0.33090,
𝑏𝑏! = 0.33090,
and 𝑡𝑡! =and
435,𝑡𝑡!thus,
obtaining:
𝑎𝑎! = 1.11120,
𝑎𝑎! =
𝑏𝑏𝑡𝑡! =
= 435,
thus, obtaining:
=
1.11120,
𝑏𝑏
=
0.33090,
and
=
435,
thus,
obtaining:
𝑎𝑎
𝑏𝑏! = 0.33090,
and 𝑡𝑡! = 435, thus,
!1.11120,
!
! obtaining:
t𝑎𝑎5!==𝑡𝑡435,
thus,
as well as to Mr. Gentil García Prada for his support in the
! obtaining:
!" = 1/𝑏𝑏!! ,
𝑡𝑡!" = 1/𝑏𝑏! ,
!.!!"#" !.!!"#"
agronomic
activities
during this study. The authors thank
-1
𝐴𝐴𝐴𝐴𝐴𝐴!;! =𝐴𝐴𝐴𝐴𝐴𝐴!"#
𝑒𝑒𝑒𝑒𝑒𝑒 1.11120 + 0.33090 -1435 = 23.95
g day
. g day-1.
!.!!"#"
435 =
23.95
!;! = ! !"# 𝑒𝑒𝑒𝑒𝑒𝑒 1.11120 +-10.33090
!
!.!!"#"
-1
𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴𝐴
=
𝑒𝑒𝑒𝑒𝑒𝑒
1.11120
+
0.33090
435
=
23.95
g
day
.
=
23.95
g
d
Dr.
Diego
Miranda
and
Dr. Hermann Restrepo (UNAL)
!;!
= 𝑏𝑏!"#
𝑒𝑒𝑒𝑒𝑒𝑒 1.11120 + 0.33090 435 = 23.95 g day .
! !"#
𝑎𝑎! = !;!
1.11120,
! ! = 0.33090, and 𝑡𝑡! = 435, thus, obtaining:
for the critical suggestions during the research and data
𝑎𝑎! = 1.11120, 𝑏𝑏! = 0.33090, and 𝑡𝑡! = 435, thus, obtaining:
!
!
is𝐴𝐴𝐴𝐴𝐴𝐴
obtained
from
𝑡𝑡!!;!"#
=from
1/0.33090
= 9.13
das.
𝐴𝐴𝐴𝐴𝐴𝐴!;!
obtained
from
𝑡𝑡!;!"#t9;435
= 1/0.33090
= 9.13 das.
The
minimum
value
of
is
obtained
=
analysis.
!;! is
from 𝑡𝑡!;!"# = 1/0.33090 = 9.13 das.
𝐴𝐴𝐴𝐴𝐴𝐴!;! is obtained
!.!!"#"
-1
2
=
𝑒𝑒𝑒𝑒𝑒𝑒
1.11120
+
0.33090
435
=
23.95
g
day
.
𝐴𝐴𝐴𝐴𝐴𝐴
!
!;! =
!.!!"#"
1/0.33090
9.13
das.
-1
!"#
!
is
obtained
from
𝑡𝑡
=
1/0.33090
=
9.13
das.
𝐴𝐴𝐴𝐴𝐴𝐴
!;!=
𝑒𝑒𝑒𝑒𝑒𝑒 1.11120!;!"#
+ 0.33090 435 = 23.95 g day .
𝐴𝐴𝐴𝐴𝐴𝐴!;!
! !"#

!

!
𝑁𝑁𝑁𝑁𝑁𝑁!"# =
𝑒𝑒𝑒𝑒𝑒𝑒!! 𝑎𝑎! +𝑒𝑒𝑒𝑒𝑒𝑒
𝑏𝑏! 𝑎𝑎
𝑡𝑡!! + 𝑏𝑏! 𝑡𝑡!
!!
𝑁𝑁𝑁𝑁𝑁𝑁
=!! !!"
!!"!"#
!"#
𝑁𝑁𝑁𝑁𝑁𝑁!"# = for NAR
𝑒𝑒𝑒𝑒𝑒𝑒
𝑎𝑎
+
𝑏𝑏
𝑡𝑡
!"# !!!
!
!
!
Similarly,
and
RGR,
the
following
equations
𝐴𝐴𝐴𝐴𝐴𝐴!;! !!"
is obtained
from
𝑡𝑡
=
1/0.33090
=
9.13
das. (2)
!"# !!
!;!"#
!!from 𝑡𝑡
!
is
obtained
=
1/0.33090
=
9.13
das.
𝐴𝐴𝐴𝐴𝐴𝐴
!;!
!;!"#
𝑒𝑒𝑒𝑒𝑒𝑒 𝑎𝑎! + 𝑏𝑏! 𝑡𝑡!
and𝑁𝑁𝑁𝑁𝑁𝑁
(3) could
obtained:
!"# =be!!"
!"# !!= 𝑐𝑐 − 𝑑𝑑 𝑡𝑡
𝑅𝑅𝑅𝑅𝑅𝑅
𝑅𝑅𝑅𝑅𝑅𝑅
=
𝑐𝑐
−
𝑑𝑑
𝑡𝑡
!"
! !" ! ! !
! !
𝑑𝑑! 𝑡𝑡! !!
𝑅𝑅𝑅𝑅𝑅𝑅𝑁𝑁𝑁𝑁𝑁𝑁
!" = 𝑐𝑐! −
!"# =
!! ! 𝑒𝑒𝑒𝑒𝑒𝑒 𝑎𝑎! + 𝑏𝑏! 𝑡𝑡!
!"#
! 𝑒𝑒𝑒𝑒𝑒𝑒 𝑎𝑎 + 𝑏𝑏
(2)
𝑡𝑡
𝑁𝑁𝑁𝑁𝑁𝑁!"# = !!"
!
!
!
!!"
!
!"#

!

𝑅𝑅𝑅𝑅𝑅𝑅!" = 𝑐𝑐! − 𝑑𝑑! 𝑡𝑡!
𝑅𝑅𝑅𝑅𝑅𝑅!" = 𝑐𝑐! − 𝑑𝑑! 𝑡𝑡!
𝑅𝑅𝑅𝑅𝑅𝑅!" = 𝑐𝑐! − 𝑑𝑑! 𝑡𝑡!

(3)

Each of these models allows estimating the respective
growth index for each treatment and evaluation moment;
in addition, these models can be used within the range of
operation in time, between 75 and 435 das for the same
treatments. Unlike the common modeling proposals that
approximate these values by ranges, in our case we can
find the instant indexes at any time and for each of the
treatment used.

Conclusions
The growth of J. curcas was influenced by fertilization
with N and the effect of K nested in N, K(N). The plants
presented a rapid initial growth, with the highest values
of RGR in the vegetative phase, a period that comprised
from the planting up to 165 das. The NAR decreased with
the age of the plants and was influenced by precipitation
rates, so that the lower values of this index occurred in
the periods of higher precipitation. In the reproductive
phase, between 345 and 435 das, the plants of J. curcas
significantly increased their dry mass accumulation and,
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