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The grain production potential of crambe reported in literature may vary from 1000 to 1500 kg ha-1, but 
there are not yet any recommendations regarding specific nitrogen (N) fertilization for this crop. The 
objective of this study was to evaluate the effect of base saturation and the addition of N doses on plant 
development and productivity of crambe. This study was developed at the São Tomaz Jatobá farm in 
the municipality of Rio Verde, GO in a Distroferric Red Latosol. The experiment consisted of a factorial 
(4×3) design with four repetitions totaling 48 plots distributed in random blocks. Four levels of base 
saturation (V%) were evaluated as follows: 34 (natural soil), 40, 50 and 60. Moreover, the following three 
N doses were evaluated: Control (without application de N), 40 kg ha-1 N and 80 kg ha-1 N. The 
experimental plots were rectangular and measured 9 m2 with five planted lines and a spacing of 0.45 m 
between rows. Planting was performed on March 8th, 2011 using the FMS Brilhante cultivar. The 
following variables were evaluated: Root dry mass and shoot dry mass in three distinct periods (35, 45 
and 55 days after emergence); grain yield; and oil content. The addition of the N doses increased the 
root dry masses, shoot dry masses and yield, but N addition did not influence oil content. In general, 
the best N dose was 40 kg ha-1. Base saturation linearly or quadratically influenced all parameters 
evaluated, and the best base saturation observed in this study was 50%. 
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INTRODUCTION 
 
Several plants have been studied with the objective of 
providing oil for biodiesel production. Among these 
plants, crambe (Crambe abyssinica) is notable. Crambe 
is a winter crop and can be grown late in the season 
during periods in which risks for other crops in the late 
off-season would be high in the Midwest region  of  Brazil 

(Pitol et al., 2010). For these reasons, this plant has 
attracted interest as an alternative for the off-season and 
crop rotation (Panno and Prior, 2009). One of the main 
characteristics of crambe cultivation is its earliness, 
producing mature grains at 90 to 100 days with uniform 
maturation,   which   facilitates    mechanical    harvesting  
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Figure 1. Accumulated precipitation (mm month-1) during development of the 
crambe crop in the municipality of Rio Verde, GO during the year of 2011. 

 
 
 
(Lazzeri et al., 1995; Falasca et al., 2010). Jasper et al. 
(2010a) reported that the crambe culture has lower 
production costs than other oil crops, such as canola, 
sunflower and soybean. According to Heinz et al. (2011), 
crambe litter presents greater persistence than other 
crops used as ground cover, and potassium (K), 
phosphorus (P) and magnesium (Mg) are the nutrients 
most rapidly released for the subsequent culture. The 
potential yield of crambe reported in literature varies from 
1000 to 1500 kg ha-1 (Pitol et al., 2010; Rogério et al., 
2012; Santos et al., 2012). Regarding oil quality, data 
indicates an average production of 38% for total oil 
content, and this rate may vary according to the climate 
and soil conditions (Silva et al., 2011). The oil is 
composed of approximately 57% erucic acid, which can 
cause liver and kidney damage as well as loss of appetite 
in monogastric animals cited by Carlsson et al. (2007). 

Regarding soil fertility, there are no specific 
recommendations of nitrogen (N) doses for the crop, and 
only a few studies on this subject have been published. In 
plants, mineral N is absorbed in the nitrate or ammonium 
forms, and it preferably comes into contact with the roots 
by mass flow (Malavolta et al., 1997). N makes up amino 
acids and nucleotides, and it is the primary nutrient for 
obtaining high yields in annual cultures (Castro et al., 
1999). According to Soratto et al. (2013), N is the nutrient 
most exported in crambe production under field 
conditions reaching 54 kg ha-1 N. According to the results 
obtained by Souza et al. (2009), the crude protein 
obtained in crambe cake (31.7%) indicates crambe crops 
demand N under high productivity conditions. Therefore, 
it is important to know the response potential of the 
crambe crop to this nutrient to enable more 
environmentally and financially efficient fertilization. 

Considering base  saturation,  reports  have  suggested 

that the crambe culture develops better and achieves 
better grain yields in eutrophic soils (Broch and Roscoe, 
2010). According to these authors, crambe is quite 
tolerant to water stress, but this tolerance is directly 
linked to its deep rooting ability, which in turn depends on 
a corrected soil profile for acidity and aluminum toxicity. 
According to Janegitz et al. (2010), base saturation 
suitable for crambe development and production in 
medium textured soils is between 50 and 65%. Broch and 
Roscoe (2010) stated that the conditions of soil acidity 
used for crambe production are the same as the main 
summer crops. Only a few results are available on the 
ideal level of base saturation for good development of 
crambe. Thus, it is important to obtain information on the 
development of this crop in different levels of soil base 
saturation and in different weather conditions. 

The objective of this study was to evaluate the effect of 
increasing soil base saturation and addition of N on 
vegetative growth, grain yield and oil content of crambe. 
 
 
MATERIALS AND METHODS 
 
This study was performed at the São Tomaz Jatobá farm (17° 49’ 
22.63’’ S and 50° 56’ 21.87’’ W; elevation of 725 m) in the 
municipality of Rio Verde, GO in Brazil. The area was being 
cultivated in a succession of soybeans and maize where soybean 
was the culture used in the previous season (2010/2011), which 
was harvested in January 2011. According to the Köppen 
classification, the climate in the region is Aw, which is defined as 
humid tropical with a rainy season in the summer and dry in the 
winter. The annual average temperature varies between 20 and 
35°C, and the annual precipitation ranges from 1,500 to 1,800 mm. 
Intensities of precipitation occurring during culture development are 
shown in Figure 1, and the average temperature is shown in Figure 
2. Temperature and precipitation data were obtained from the 
meteorological station located in the University  Campus  of  Fesurv  
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Figure 2. Average monthly temperature (°C) during crambe crop growth in the 
municipality of Rio Verde, GO during the year of 2011. 

 
 
 
(University of Rio Verde) in Rio Verde, GO. The average monthly 
temperature (°C) was also monitored during crambe growth, as 
shown in Figure 2. 

The undulated relief (8% slope) and soil classified as Distroferric 
Red Latosol (Embrapa, 2006) presented the following chemical and 
textural characteristics at depths of 0 to 20 cm: pH (CaCl2) = 4.7; 
calcium (Ca), Mg, K, aluminum (Al) and cation exchange capacity 
(CEC) values of 1.7, 0.6, 0.10, 0.06 and 7.1 cmolc dm-3, 
respectively; P(mel), sulfur (S), zinc (Zn), boron (B), copper (Cu) and 
manganese (Mn) contents of 5.5, 11.3, 1.8, 0.12, 1.5 and 41.6 mg 
dm-3; base saturation (V%) = 33.8; organic matter (OM) = 2.0 g dm-

3; and clay, silt and sand contents of 350, 50 and 600 g kg-1, 
respectively. For depths of 20 to 40 cm, the soil analysis results 
presented the following characteristics: pH (CaCl2) = 4.4; Ca, Mg, 
K, Al and CEC values of 0.9, 0.3, 0.07, 0.23 and 6.0 cmolc dm-3, 
respectively; P(mel), S, Zn, B, Cu and Mn contents of 1.9, 33.7, 0.4, 
0.12, 1.9 and 21.9 mg dm-3; V% = 21.3; OM = 15.2 g dm-3; and clay, 
silt and sand contents of 375, 50 and 575 g kg-1, respectively. 

The experiment was arranged in a factorial design (4 × 3) with 
four levels of base saturation and three N doses. The levels of base 
saturation were as follows: 34 (natural soil), 40, 50 and 60%. 
Moreover, the following N doses were evaluated using urea as a 
source: Control (without application de N), 40 kg ha-1 and 80 kg ha-

1. Four replications were used for each treatment totaling 48 plots. 
Natural base saturation of the soil was elevated with application of 
lime, and the need for correction (NC) was calculated using the 
following formula for increased base saturation. A lime filler (30.5% 
calcium oxide (CaO) and 18.7% magnesium oxide (MgO)) was 
applied to the soil. Application and incorporation into the soil in 
each plot occurred 15 days before planting. In all plots, a basic 
fertilization was performed consisting of 80 kg ha-1 phosphorus 
pentoxide (P2O5) used as source of single super phosphate applied 
with the seeds at planting and 50 kg ha-1 potassium oxide (K2O) 
used as a source of potassium chloride (KCl) applied 22 days after 
emergence (DAE) in coverage. A row was dug approximately 3 to 4 
cm deep at a distance of approximately 15 cm from the planting row 
where all N and K was deposited after which it was immediately 
covered by the removed soil. 

The experimental plots were in the shape of a rectangle 
measuring 9 m2 (2.25 × 4 m). Each plot consisted of five planted 
rows that were 4 m long, with 0.45 m spacing between rows. The 

distance between the experimental plots was 1 m, and the distance 
between blocks was 2 m. Desiccation of the experimental area was 
performed one day after planting using glyphosate at a dose of 3 L 
ha-1 in association with carfentrazone at a dose of 50 ml ha-1. 

Planting was conducted on March 8th, 2011 using a SHM 11/13 
(planter brand Semeato) adapted for a spacing of 0.45 m using a 
cutting disc. The planting density was 12 kg ha-1 of seeds at a depth 
of 2 cm. The crambe seeds used were from the FMS Brilliant 
cultivar acquired by the MS Foundation for Research and 
Dissemination of Agricultural Technologies (Fundação MS Para 
Pesquisa e Difusão de Tecnologias Agropecuárias - FUNDAÇÃO 
MS). Plants emerged on March 15th, 2011. The final average stand 
of plants was 1,220 plants per hectare. The plants reached 
physiological maturity on June 11th, 2011 at 88 DAE, and the 
harvest was performed on June 21st, 2011. 

The following dependent variables were evaluated: (a) root and 
shoot dray mass in three different seasons (35 DAE when the 
plants were at the beginning of flowering; 45 DAE at which the 
plants were in the full flowering stage and beginning of the filling 
phase; and 55 DAE when the plants were in the filling phase); (b) 
grain yield; and (c) fixed oil content of the grain. 

For evaluation of the dry root and shoot masses of crambe, three 
plants located along the boundary of each plot were harvested 
using a hoe, and all roots and shoots of the plant were removed as 
completely as possible at all collection times. Samples were 
collected at 35, 45 and 55 DAE. Roots were separated from the 
shoots in the field, and both were placed in paper bags and 
identified according to the plot. The material was taken to the 
laboratory where it was washed with distilled water, and the 
material was then placed in a forced air drying oven at 65°C for 72 
h to be weighed. 

To determine the grain yield (kg ha-1), the lateral rows were 
discarded along with 0.5 m from each side of the plot. Three linear 
meters of the three central lines (totaling 4.05 m2) from the center of 
each plot were harvested. Harvest was performed manually, and 
the grains were placed in paper bags and transported to the 
laboratory, where they were cleaned and dried in a forced air 
circulation oven at 65°C for 72 h to standardize the moisture 
content before weighing. 

For determining the oil content in crambe, the grains were 
crushed manually in  a  porcelain  crucible.  The  sample  (5 g)  was  
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Table 1. Effect of increased soil base saturation (V%) and application of different N doses (kg ha-1) on the crambe crop in field conditions 
(Table of mean squares). 

Unfoldings 
Root dry mass (g plant-1) Shoot dry mass (g plant-1) Yield Oil content 

35 DAE 45 DAE 55 DAE 35 DAE 45 DAE 55 DAE Kg ha-1 (%) 

N 0.00264* 0.1568** 0.02030 ns 0.55648** 0.434 ns 5.1447ns 48203.564** 0.42303 ns 
Regression (V%) Linear ** Linear** Linear* Linear** Linear* ns Quadratic* Linear** 
Interaction (V%xN) 0.00080ns 0.00474** 0.01323 ns 0.01338 ns 0.945** 9.177** 8455.921** 0.33412 ns 

CV (%) 29.56 19.08 35.46 35.57 25.56 30.33 9.65 1.83 
 

DAE: Days after emergence; ns: non-significant; *: Significant (P ≤ 0.05); **: Significant (P ≤ 0.01). 
 
 
 

Table 2. Root dry mass of crambe (g plant-1) as a function of the addition of N doses 
and harvest at different times (Averages of 16 observations). 
 

Nitrogen 
(kg ha-1) 

Harvest time (DAE) 

35 45 55 

Control 0.083b 0.156b 0.257a 
40 0.090ab 0.194a 0.327a 
80 0.107a 0.218a 0.302a 

CV (%) 29.56 19.08 35.46 
 

Averages followed by the same letter at the same harvest time do not differ according to 
Tukey’s test (p ≤ 0.05). 

 
 
 
added to the cellulose thimble of the fat analyzer (model TE-044-
8/50; TECNAL) for eight simultaneous tests, and hexane was used 
as the solvent (200 ml per sample). The temperature was controlled 
electronically at 120°C, and extraction took place for 4 h. 

In the statistical analysis and for the levels of base saturation, a 
polynomial regression analysis was performed. For the three N 
doses, an analysis of variance was performed, and Tukey’s test 
(5%) was performed when necessary. The statistical program used 
was Assist at 7.6 Beta. 
 
 
RESULTS AND DISCUSSION 
 
The effect of the treatments on root dry mass 
development of crambe depended on the assessment 
period. At the first time of plant collection (35 DAE), the 
statistical analysis showed a significant effect for both N 
and increased soil base saturation, but there was no 
significant interaction effect (V% × N) (Table 1). At the 
second time of plant collection (45 DAE), a significant 
interaction effect (V% × N) was observed. Moreover, at 
the third time of plant collection (55 DAE), a significant 
effect was only observed for the analysis of variance for 
regression of soil base saturation levels (Table 1). 

At the two times (35 and 45 DAE) when a significant 
effect was observed, the highest N dose used (80 kg ha-

1) did not differ from the N dose of 40 kg ha-1 although it 
differed from the control (Table 2), thereby indicating that 
crambe did not respond to higher N doses for this 
parameter evaluated and at the conditions of this study. 

In evaluating the effect of increased base saturation  for 

the harvests at 35 and 55 DAE where the interaction (V%  
× N) was not significant (Table 1), a linear effect was 
observed for root dry mass until a base saturation of 60% 
(Figure 3). 

In the collection of plants performed at 45 (DAE), when 
the interaction (V% × N) was significant (Table 1), 
unfolding was performed for the effect of increasing 
saturation in each N fertilization, and the observed 
behavior depended on the N dose applied. In the control 
(no N application), the behavior was polynomial 
(quadratic), and the maximum point of the regression 
equation for base saturation was 47.12%. In plots that 
received the 40 kg ha-1 N dose, the behavior was linear, 
and in plots that received the 80 kg ha-1 N dose, the 
behavior was not significant (Figure 4). 

Comparison of the effect of N doses on development of 
the crambe root system with literature is difficult due to 
the low number of published papers. In a study of crambe 
in a nutrient solution, Brito (2009) did not report a 
significant result for N doses on the development of the 
crambe root system. Alves et al. (2010) studied 
greenhouse conditions and found a linear effect for N 
application of up to 160 kg ha-1 using urea as a N source. 

In evaluating the effect of increasing soil base 
saturation, the regression analysis showed a linear effect 
for the three root sampling times (35, 45 and 55 DAE) 
indicating that this evaluated variable for crambe was 
strongly influenced by soil base saturation (Table 1). 
These results were not in agreement with those obtained 
in literature where Carvalho et al. (2012) found a quadratic  
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Figure 3. Root dry mass of crambe (g plant-1) as a function of increasing soil base saturation (V%) 
harvested at 35 and 55 DAE. Averages of 12 observations. 
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Figure 4. Root dry mass of crambe (g plant-1) as a function of the increased soil base saturation (V%) 
harvested 45 days after emergence (DAE). Averages of 12 observations. ns = non-significant. 

 
 
 
response as a function of the soil base saturation level for 
dry root weight in a pot experiment. These authors 
reported that the best base saturation level was 45% and 
that the dry root weight decreased at the 60 and 75% 
levels, which was different from that found in the present 
study. Janegitz et al. (2010) increased the soil base 
saturation up to 80% and obtained no effect on the 
development of the crambe root system. These 

discordant results found in literature that were produced 
in soil were conducted in a similar Latosol to that used in 
this study. Therefore, further studies are needed to 
establish an efficient implementation of this culture to 
provide better conditions for root development and, 
consequently, the plant as a whole. 

In the statistical analysis to evaluate the effect of the 
treatments on dry shoot mass development, a  significant 
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Table 3. Dry shoot mass of crambe (g plant-1) as a function of N doses and different harvest times (Averages of four observations). 
 

Base 
saturation 

(V%) 

Harvest times (DAE) 

35  45  55 

Nitrogen doses (kg ha-1) 

Cont 40 80  Cont 40 80  Cont 40 80 

34 0.37b 0.50ab 0.82a  1.22a 1.53a 1.81a  4.57a 1.85b 4.38a 
40 0.43b 0.60ab 0.88a  2.36a 1.76a 2.22a  3.87a 4.91a 4.27a 
50 0.54a 0.75a 0.85a  2.15a 2.22a 1.82a  4.09b 6.70a 3.53b 
60 0.71a 0.78a 0.99a  1.37b 2.90a 2.00b  3.13b 6.21a 3.63b 

CV(%) 35.57  25.56  30.33 
 

Averages followed by the same letter on the line for the same harvest period do not differ according to Tukey’s test (P≤0.05). 
Cont=control. 

 
 
 
interaction (N × V%) was observed for the second and 
third sampling times (45 and 55 DAE) (Table 1). In the 
evaluation at 35 DAE and base saturation levels of 34 
and 40 (V%), the addition of N differed from the control, 
and the highest N dose employed (80 kg ha-1) did not 
differ from the 40 kg ha-1 N dose (Table 3). In the second 
evaluation period (45 DAE), the effect of N addition was 
only observed for the highest base saturation level used 
(V% = 60) in which the 40 kg ha-1 N dose differed from 
both the control and the 80 kg ha-1 N dose (Table 3). In 
the third evaluation period (55 DAE), the effect of N 
doses also depended on the saturation level observed. 
For the first saturation level (V% = 34), the 80 kg ha-1 N 
dose and the control differed from the 40 kg ha-1 N dose. 
At the highest base saturation levels (V% = 50 and 60), 
the 40 kg ha-1 N dose differed from the control and the 
highest N dose (80 kg ha-1). 

Camargo et al. (2010) also obtained a significant 
response on the development of dry shoot mass of 
crambe 60 days after planting when mineral nutrients 
(NPK) were applied during planting and N was applied in 
coverage. In an experiment using a nutrient solution, 
Brito (2009) obtained a significant response to N (nitrate) 
for leaf dry mass and a non-significant response for the 
stem dry mass. It is expected that N has an effect on the 
development of crambe shoots. According to Oliveira et 
al. (1996), when N is deficient, plants are stunted, and 
the stem and branch are slender in addition to the leaves 
having a color between pale green and yellow. The same 
author reported that N fertilization well applied in 
coverage has the ability to meet all of the needs of the 
culture and, thus, increases its productivity. This 
significant effect of N on shoot growth of other plants is 
known. Wright et al. (1988) showed that N treatment of 
rapeseed prolongs the life of leaves, improves flowering 
and increases the general uptake of crops. 

The highest mean grain yield obtained in this study was 
582 kg ha-1. This yield may be considered low compared 
to that found in literature because Pitol et al. (2010) 
reported an average yield of 1,000 to 1,500 kg ha-1 for the 
FMS Brilliant cultivar. A literature  review  suggested  that 

several authors obtained grain yields for crambe higher 
than 1,500 kg ha-1 in soil conditions similar to those used 
in the present study (Red Latosol) (Jasper et al., 2010b; 
Santos et al., 2012; Rogério et al., 2012, 2013). Figure 1 
shows that precipitation is one of the factors that may 
have negatively influenced grain yield. In soils with good 
capacity to retain water, Roscoe et al. (2010) reported 
that crambe produces satisfactorily when it receives at 
least 50 mm of water distributed in two rainfalls after 
planting. These authors also reported that the ideal 
amount of water varies between 150 and 200 mm, 
particularly before full flowering, and they also suggested 
rainfall after full flowering is not necessary. According to 
data collected at the meteorological station of the 
University of Rio Verde (FESURV), more than 400 mm of 
precipitation was recorded during the study period, which 
is equivalent to twice the minimum required for this 
culture, as described by Roscoe et al. (2010). 
Nevertheless, distribution of rainfall was irregular and 
was concentrated in the vegetative growth phase (March) 
with small amounts in the later stages. Considering that 
the early process of crambe graining began at the end of 
April in this study, the amount of precipitation in the 
period of full flowering and grain filling stage may have 
impaired the productivity of this crop. Thus, the data 
reported here was in disagreement with that reported by 
Roscoe et al. (2010). To ensure higher yields, more 
information is needed regarding the behavior of this crop 
under different rainfall intensities to more clearly define 
the water requirements of the crop. In addition, no 
significant attack of pests and diseases that could have 
negatively influenced grain yield was observed, and 
plants apparently developed normally. 

For grain yield, the statistical analysis showed a 
significant effect for the V% x N interaction (Table 1). At 
the lowest base saturation level (V% = 34), which was the 
natural soil base saturation, the addition of 40 kg ha-1 N 
increased productivity by 38.2%, thereby significantly 
differing from the control. However, use of 80 kg ha-1 N 
did not statistically differ from the lowest N dose, thereby 
indicating that high N doses should not  be  used  in  soils  
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Table 4. Grain yield for crambe (kgha-1) and yield relative to control (in parentheses) as a function 
of the increased soil base saturation (V%) and N doses (Averages of four observations, 
CV(%)=9.65). 
 

Base saturation 
(V%) 

Nitrogendoses(kgha-1) 

Control 40 80 

34 372(100)b 514(138)a 494(133)a 
40 410(110)b 445(120)ab 509(137)a 
50 473(127)b 582(156)a 503(135)b 
60 385(103)b 534(143)a 398(107)b 

 

Averages followed by the same letter on the line do not differ according to Tukey’s test (P≤0.05). 
 
 
 
that are not corrected because the crambe plant is not 
able to respond to the treatment (Table 4). 

When the soil base saturation was increased to 40%, 
the average of the control yield (410 kg ha-1) did not differ 
from the first N dose (40 kg ha-1) in which a yield of 445 
kg ha-1 was observed, thereby indicating that this 
increased base saturation was equivalent to the 
application of N (Table 4). In the higher levels of soil base 
saturation (50 and 60%), the yield observed for 40 kg ha-1 
N was significantly higher than that of the control, but it 
was also significantly lower than that with 80 kg ha-1 N 
(Table 4), thereby indicating that higher doses of N did 
not increase crambe productivity but may even reduce it. 
The highest average grain yield obtained in this study 
was 582 kg ha-1, and it was obtained when plants were 
subjected to a soil base saturation of 50% and a N dose 
of 40 kg ha-1. This productivity was 56.4% higher than in 
the control (Table 4). 

Broch and Roscoe (2010) also found a response to N 
fertilization in the crambe culture in soils with low OM. 
However, the results found by these authors showed a 
beneficial effect with quadratic behavior for N addition 
and decreased productivity for N dosages greater than 35 
kg ha-1. The data obtained in the present study confirmed 
the results obtained by Broch and Roscoe (2010) 
regarding N doses. In this study, the use of 80 kg ha-1 N 
resulted in lower average grain yields compared to 40 kg 
ha-1 N for all base saturations evaluated (Table 4). 

Different from that obtained in this study, Freitas (2010) 
obtained no significant response of crambe grain yield 
when 60 and 120 kg ha-1 N were used in an experiment 
performed during two consecutive years. However, this 
author used urea as a N source and reported that the 
fertilizer was spread manually in the plant rows, which 
was a small amount when considering the amount of 
rainfall that occurred during the experiment. In addition, 
soil moisture content may have been low, which may 
have increased N losses by volatilization. Lara Cabezas 
et al. (1997) reported that when selecting urea as the N 
fertilizer and applying it via spreading without 
incorporation into the soil, N losses by the ammonia 
volatilization process in this system can reach 78% of the 
fertilizer applied. Lunelli (2012) found no significant effect 
in the FMS Brilhante crambe cultivar cultivated  in  a  Red  

Latosol when 90 kg ha-1 N in the form of urea was applied 
to the soil, and this lack of significant effect may have 
occurred because the soil was rich in nutrient content and 
OM, in contrast to the conditions under which the present 
study was conducted. Another possibility is that the N 
dosage used by these authors (90 kg ha-1) is a high dose 
for this crop because the results obtained in the present 
work and those obtained by Broch and Roscoe (2010) 
indicated that doses greater than 40 kg ha-1 N can 
decrease grain production of this crop. In a study using a 
nutrient solution, Brito (2009) also obtained no significant 
effect of N doses (NO3

-) on grain yield. 
In evaluating the effect of base saturation for each N 

dose on crambe productivity, the analysis of variance for 
regression showed a significant effect only for the linear 
model of 40 and 80 kg ha-1 N, but the coefficient of 
determination (R2) was low, thereby indicating that 
although significant, the model did not satisfactorily 
explain the results obtained in this work. Working in 
greenhouse conditions, Janegitz et al. (2010) also 
obtained no significant response for increased base 
saturation to 80% for the crambe crop. This non-
significant result on yield was not expected because 
Broch and Roscoe (2010) reported that crambe is a plant 
sensitive to soil acidity and that its productivity is severely 
impaired when in the presence of exchangeable Al and 
low levels of Ca and Mg. In the present study, the sum of 
Ca and Mg levels in the soil was equal to 2.3 cmolc dm-3. 
Therefore, the presence of Ca, presence of Mg, low 
yields and the absence of toxic Al may have contributed 
to the base saturation levels not having a significant 
effect. 

In evaluating the effect of the treatments on oil content 
of crambe, the statistical analysis showed no significant 
effect for N and for the interaction (V% x N) (Table 1), but 
the analysis of variance for regression was highly 
significant for the linear model of soil saturation (Figure 
5). These results were in agreement with those obtained 
in the literature for other oil crops. Smiderle and Costa 
(2010) worked with soil base saturations ranging from 30 
to 75%, and they obtained a linear increase in the oil 
content of sunflower. 

Other authors have also reported finding no effect of N 
on  the  oil  content  of  oilseeds.  When  working  with  an 
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Figure 5. Oil content of crambe grains (%) as a function of the increased soil base saturation (V%). 
Averages of 12 repetitions. CV(%) = 1.83. 

 
 
 
oilseed crop from the same family as crambe, namely 
rapeseed (Brassica napus), Dreccer et al. (2000) 
reported that no significant effect of N on oil content is 
observed. A review by Rathke et al. (2006) reported that 
most results show that N application often results in an 
increase in productivity and protein content as well as a 
decrease in oil content for the rapeseed culture. These 
authors report in their work an inverse correlation for the 
rapeseed culture, particularly between protein and oil 
content, and Brito (2009) confirmed these results in the 
crambe culture. In one experiment using a nutrient 
solution, this author observed that the addition of higher 
doses of nitrate reduces oil content in relation to that 
observed in the control. Thus, when an oilseed crop is 
fertilized with high N concentrations, contents of this 
nutrient are increased in the tissues, reducing the 
synthesis of oils and favoring the metabolic pathway of 
protein accumulation in the achenes (Castro et al., 1999). 
 
 
Conclusions 
 
1. The addition of N doses influenced root development, 
shoot development and productivity of crambe. The 
optimal dosage was 40 kg ha-1 N; 
2. Base saturation influenced root development, shoot 
development, productivity and oil content of crambe, and 
the optimal base saturation level was 50%. 
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