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Crambe abyssinica H. Crambe has been studied as an option in crop rotation systems in order to provide raw
biodiesel material for biodiesel production. This study aimed to evaluate the effect of raising soil
limestone base saturation and addition of phosphorus (P) on the vegetative development, grain
phosphate fertilization yield and oil content of crambe. The experiment was carried out in a Oxisol, arranged in

factorial scheme (4 x 3), with 4 replicates (48 plots), in completely randomized blocks.
Four base saturation levels (34 - natural of the soil, 40, 50 and 60%) and three P doses (0,
40 and 80 kg ha™' of P,O,) were evaluated. The experimental plots formed a 9 m* rectangle
with 5 plant rows, spaced by 0.45 m, using the cultivar “Brilliant FMS”. The evaluated
variables were: dry matter of roots and shoots at three different times (35, 45 and 55
days after emergence), grain yield and oil content. Base saturation favored crambe root
and shoot development, yield and oil content, with the best results for base saturation
of 47-48%. The addition of P doses also favored the increase of the analyzed variables.

Palavras-chave: Massa seca e produtividade do crambe sob doses de fésforo
Crambe abyssinica H. t ~ b dicoes de C do Goi

biodiesel e saturacdo por bases em condi¢oes de Cerrado Goiano
cadcé\rio~ RESUMO

adubacio fosfatada

A cultura do crambe é uma opgéo nos sistemas de rotagdo de culturas com potencial de
matéria-prima para a producio de biodiesel; este estudo objetivou avaliar o efeito da elevagdo
da saturagdo por bases do solo e a adigdo de doses de fosforo na produgio de massa seca,
produtividade de graos e no teor de 6leo do crambe em condi¢des de Cerrado Goiano. O
experimento foi desenvolvido em um Latossolo Vermelho Distroférrico, delineado em
esquema fatorial (4 x 3) com 4 repeti¢des (48 parcelas) em blocos inteiramente casualizados.
Foram avaliados 4 niveis de saturagdo por bases: 34 - natural do solo, 40, 50 e 60% e trés doses
de fésforo: 0,40 e 80 kgha' de P,O,. As parcelas experimentais formavam um retangulo de
9 m? com 5 linhas de plantio espagadas 0,45 m. Foi utilizada a cultivar “FMS Brilhante”; as
variaveis avaliadas foram: massa seca de raiz e parte aérea, no tempo (35, 45 e 55 dias ap6s
a emergéncia), produtividade de grios e teor de dleo. A saturagio por bases favoreceu o
desenvolvimento da raiz e da parte aérea, a produtividade e o teor de 6leo do crambe, com
melhores resultados para saturagdo por bases entre 47-48%. A adi¢do das doses de fésforo

também favoreceu o aumento das varidveis analisadas.
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INTRODUCTION

The crambe crop (Crambe abyssinica Hochst. ex R.E. Fries),
from the Brassicaceae family, has been widely used in crop
rotation systems in the Midwest region of Brazil (Santos &
Rossetto, 2013). According to Feroldi et al. (2012), the crambe
crop has a short cycle, good tolerance to water deficit and low
temperatures and is of easy implementation.

The productive potential of crambe reported in the
literature may range from 1000 to 2000 kg ha! (Rogério et al.,
2013; Vazquez et al., 2014; Colodetti et al., 2012), while there
are varied data regarding its oil quality. Silva et al. (2011)
observed mean oil production of 26-34%, in response to
different fertilizations of phosphorus (P) and zinc in 2008 and
2009, in a Latosol in the state of Parand. Vazquez et al. (2014)
reported variation of 29-31% for phosphate fertilization in an
Argisol in the state of Sao Paulo.

Jasper et al. (2010) reported that the crambe crop has
lower production costs compared with other oil sources
(canola, sunflower and soybean). According to Heinz et al.
(2011), crambe straw has longer persistence as a soil cover, in
comparison to forage radish, and releases nutrients (K, P and
Mg) in the soil more rapidly.

Regarding soil fertility, there are not yet specific
recommendations for this crop and there is a low number
of published studies on the amount of essential nutrients,
including P and base saturation. According to Silva et al.
(2011), when P is applied to the crambe crop, its results are
consistent with the theory in the context of plant nutrition;
however, it must be further studied.

Thus, this study aimed to evaluate the effect of increase in
base saturation and addition of P on dry matter production,
grain yield and oil content of crambe under Cerrado conditions
in the state of Goias, Brazil.

MATERIAL AND METHODS

The study was carried out at the Sdo Tomaz Jatoba Farm
(17° 49 22.63” S; 50° 56’ 21.87” W; 725 m) in Rio Verde-GO,
Brazil. The area was cultivated under crop rotation of soybean
and corn, and soybean had been used in the previous season
(2010/11). The soil is a dystroferric Red Latosol (EMBRAPA,
2013), with declivity of 8%, and its chemical and granulometric
characteristics are shown in Table 1.

The climate in the region is Aw, defined as humid tropical
with rainy season in the summer and dry season in the
winter, according to Koppen’s classification. The mean annual
temperature varies from 20 to 35 °C and rainfalls from 1,500
to 1,800 mm per year (Figure 1).
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Figure 1. Mean monthly rainfall (A) and temperature (B)
during the crambe development, at the weather station of
the Fesurv University Campus

The experiment was set in a completely randomized design,
in 4 x 3 factorial scheme, corresponding to four levels of base
saturation and three doses of P, and four replicates, totaling
48 plots. Base saturation (V%) levels were increased from 34%
(initial value in the soil) to 40, 50 and 60%, while P doses were:
control (0 - without application), 40 and 80 kg ha"' of PO, in
the form of single superphosphate (18% P,0,). P was applied
together with the seeds, at planting, and distributed using the
fertilizer distributor of the seeder (SHM 11/13), which was
regulated for each dose. V% was increased with the application
of limestone and the necessity of correction was calculated
using the formula of increase in V% (Raij, 1991):

NLELJ =V, -V, T
ha 100

where:

NL - necessity of liming (t ha');

V. - desired base saturation percentage;

V, - soil base saturation percentage (obtained in the
analysis); and,

Table 1. Chemical and granulometric analyses for the studied dystroferric Red Latosol

Layer pH Ca Mg K SB Al CEC v oM
m CaCl, cmol, dm* % g dm?
0-0.2 47 1.7 0.6 0.10 2.40 0.06 71 33.8 22.0
0.2-0.4 4.4 0.9 0.3 0.07 1.27 0.23 6.0 21.3 15.2
Layer P et S Zn C Cu Mn Sand Silt Clay
m mg dm® g kg
0-0.2 5.9 11.30 1.8 0.12 1.50 41.60 350 50 600
0.2-0.4 1.9 33.70 0.4 0.12 1.90 21.90 375 50 575
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T - cation exchange capacity at pH 7.0.

Pirecal’ Filler limestone (CaO = 30.5% and MgO = 18.7%)
was incorporated in each plot 15 days before planting. In
addition, basal fertilization with 50 kg ha™' of K,O was applied,
using potassium chloride as the source, and 50 kg ha of
nitrogen, using urea as the source. Basal fertilization was
entirely applied 22 days after germination, as top-dressing, in
a 3-to 4-cm deep furrow, 15 cm distant from the planting row.

The experimental plots formed a rectangle of 9 m? (2.25 x
4 m). Each plot consisted of 5 planting rows, at spacing of 0.45
m. The distance between the experimental plots was 1 m and,
between blocks, 2 m. The experimental area was desiccated one
day after planting, using glyphosate (N-(phosphonomethyl)
glycine, CHNO,P) at the dose of 3 L ha"' associated with
Aurora (Carfentrazone-ethyl) at the dose of 50 mL ha™’.

Planting was performed on March 8, 2011, using the seeder
SHM 11/13 (Semeato’), adapted to the spacing of 0.45 cm,
with the use of the cutting disc. Planting density was equal
to 12 kg of seeds ha™' at the depth of 2 cm. The seeds of the
crambe cultivar “FMS Brilhante” used in the experiment were
obtained from the MS Foundation for Research and Diffusion
of Agriculture-Livestock Technologies (FUNDACAO MS).
Plant emergence began on March 15, 2011, and the average
final stand was 1,220 plants per hectare. Harvest started on
June 21, 2011, approximately 88 days after emergence (DAE),
when fruit peels showed a brown color.

The evaluated dependent variables were: a) root and shoot
dry matter, at three times: 35 DAE (beginning of flowering);
45 DAE (full flowering and beginning of the grain formation
stage) and 55 DAE (grain formation stage); b) grain yield; c)
fixed oil content of the grain.

Crambe root and shoot dry matter was evaluated using
plants collected from the plots, except central plants, which
were left for yield evaluation. Roots were separated from the
shoots still at the field and both plant parts were placed in
identified paper bags. The material was taken to the laboratory,
washed with running water, dried in a forced-air oven at 65 °C
for 72 h and weighed.

For grain yield (kg ha") determination, three linear meters
of the three central rows were harvested, totaling 4.05 m? of
evaluated area, in the center of each plot. Harvest was manually
performed and the grains were placed in paper bags and taken
to the laboratory, where they were cleaned and dried in a
forced-air oven at 65 °C for 72 h, in order to standardize the
humidity before weighing.

For the determination of oil content, crambe grains were
manually ground in a porcelain crucible. After this process,
5 g of sample were added to the cellulose thimble of the fat
meter (TECNAL' - Model TE-044-8/50, for 8 simultaneous
tests), using hexane as the solvent (200 mL per sample).
The temperature was electronically regulated at 120 °C and
extraction lasted for 4 h.

Base saturation levels were subjected to regression analysis,
while P doses, since there are only three doses, were subjected
to analysis of variance and Tukey test (0.05). The statistical
analyses were performed using the program Assistat version
7.6 (Beta) (Silva & Azevedo, 2002).
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RESULTS AND DISCUSSION

P doses influenced the development of the root system
at the three evaluated times and shoot dry matter in the first
evaluation, at 0.01 probability level (Table 2; Figure 2). In all

Table 2. Statistical analysis (ANOVA) evaluating phosphorus
(P) doses as a function of days after emergence (DAE) for
root dry matter and shoot dry matter

- DAE  Factr DF 8§  MS F |
Root dry matter (g plant™)

P doses 2 0.02 0.01 10.35**
35 Residue 45 0.05 0.00 -

Total 47 0.07 - -

P doses 2 0.03 0.02 517**
45 Residue 45 0.14 0.00 -

Total 47 0.17 - -

P doses 2 0.08 0.04 6.13**
55 Residue 45 0.29 0.00 -

Total 47 0.37 - -

Shoot dry matter (g plant™)

P doses 2 1.75 0.87 17.45**
35 Residue 45 2.26 0.05 -

Total 47 4.01 - -

P doses 2 2.86 1.42 2.14m
45 Residue 45 30.04 0.67 -

Total 47 32.90 - -

P doses 2 5.88 2.94 2.28™
55 Residue 45 57.87 1.28 -

Total 47 63.75 - -

**Significant at 0.01 probability level (p < 0.01); ™Not significant (p = 0.05); DF — Degrees
of freedom; SS — Sum of squares; MS — Mean square
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*Means followed by the same letter compare different phosphorus doses, for the respective
days of evaluation, and do not differ by Tukey test (p > 0.05); Means of 16 observations

Figure 2. Root dry matter (A) and shoot dry matter (B) under
different phosphorus (P) doses and days after emergence
(DAE)
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of the collection periods, crambe root system development
was significantly higher at the highest P dose (80 kg ha™), in
comparison to the control (Figure 2A). These results show that
this crop responds to phosphate fertilization.

The results observed for P applications were expected,
because phosphate fertilization in adequate amounts stimulates
root development (Almeida Junior et al., 2009), guaranteeing
vigorous initial growth, rapid physiological maturation,
stimulation of flowering, formation of seeds, higher resistance
to cold and also increasing yield.

Shoot dry matter production was affected by the increase
in V% and P doses in the soil. At 35 DAE, the addition of 40
kg ha! of P significantly increased crambe shoot dry matter, in
comparison to the control, but did not differ at the P dose of
80 kg ha™' (Figure 2B); however, at 45 and 55 DAE, significant
differences were not observed.

The increase in V% influenced crop development, for both
root and shoot dry matter (Figure 3). V% increase, according
to the regression analysis, had linear influence on crambe root
system development at 35, 45 and 55 DAE (Figure 3A). These
results show that the vegetative growth of this crop responds to
soil liming in different stages of its development. Additionally,
these results agree with those reported in the literature, since
Carvalho etal. (2012) observed quadratic response to V% levels
(10.6-75%) in relation to root dry matter, in a pot experiment.

V% levels influenced shoot development linearly, at
35 DAE, and quadratically, at 45 and 55 DAE (Figure 3B).
From approximately the level of 48% on, for both periods,
the increase in soil base saturation inhibited shoot biomass
production in the plants.
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Figure 3. Root dry matter (A) and shoot dry matter (B) as

a function of the increase in soil base saturation (V%) and
days after emergence (DAE)
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In the evaluation of grain yield and oil content, the
statistical analysis revealed significant effect of the studied P
doses (Figure 4) and also of the increase in base saturation
levels; however, there was no effect of the interaction (V% x
P). P doses (40 and 80 kg ha'' of P,O,) significantly increased
crambe yield in relation to the control by 25.3 and 48.6%,
respectively (Figure 4A). Based on the grain yield response
observed under the conditions of this study, the crop probably
responds to P doses higher than those used, but it needs to be
confirmed.

Vasquez et al. (2014), in a study conducted in a Red
Yellow Argisol, observed that crambe yield increases with the
increment in P (P,0,) doses until 100 kg ha™. Silva et al. (2011)
reported that crambe yield increased linearly with the P,O,
doses, until the dose of 120 kg ha'. Rogério et al. (2013), in a
2-year experiment with crambe, obtained linear yield response
for increments of up to 90 kg ha™ of P,O..

For other oilseed crops, there are also reports of beneficial
effect of P addition on grain yield. Moreira et al. (2012)
obtained increase of 48.6% in grain yield of castor bean as a
function of increments in P contents, in comparison to the soil
with initial P content of 6.5 mg kg™

According to Malavolta et al. (1997), P is related to the
synthesis of proteins and production of oils and fats; these
structures, such as phospholipids, are present in various parts
of the cell. Thus, since the initial contents of the element in
the soil were considered as low, the increase in phosphate
fertilization has significant effect on the crop, contributing to
better development.
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Figure 4. Crambe grain yield (A) and oil content (B) under

different of phosphorus (P) doses
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The addition of P doses significantly increased grain oil
contents, compared with the control; however, there was no
significant difference between the P,O, doses of 40 and 80 kg
ha (Figure 4B).

In control plots, the mean oil content observed in the
grains was 37.05% and, when the P dose of 40 kg ha (P,0,)
was applied, grain oil content increased to 37.69%, causing an
increment of 1.72%. It is a numerically low increment, but it
may have great influence on oil production if the amounts of
grain ground for oil, in the future, become close to the currently
ground amounts of soybean. Thus, in order to allow the crambe
crop to express its full productive potential for oil, an adequate
management of phosphate fertilizations is essential.

These results are not consistent with those obtained by
Rogério et al. (2013), who observed no response to the addition
of up to 90 kg ha! of P,O, in any of the two crambe cycles.
Differently, Silva et al. (2011) observed linear increase in oil
content with the increment in P doses, until 120 kg ha’ of
P,O.. Severino et al. (2006) observed a consistent increase in
oil content in castor bean seeds in response to the application
of P doses and, between the control and the P dose of 120
kg ha’', grain oil content increased from 47.6 to 50.2%, with
increment of 5.5%.

The increase in base saturation from the initial value in the
soil quadratically influenced crop yield and oil content (Figure
5). A V% of about 47% favors the increase in grain yield until
approximately 550 kg ha' (Figure 5A). This shows that the
increase in V% contributes for the crambe crop to express
higher production potential; however, increments beyond
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Figure 5. Crambe grain yield (A) and oil content (B) as a
function of the soil base saturation (%)
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47.48% (maximum point) may be harmful to its vegetative
development, with negative effects on grain yield.

Similar results were observed by Janegitz et al. (2010),
who observed that, in a Red Latosol, the increase in V% to
80% reduced the number of leaves per plant, dry matter and
yield. According to these authors, this may have been due
to the decrease in the concentration of assimilable forms of
micronutrients, such as boron, iron, copper, manganese and
zing, after the increase in pH.

Pitol et al. (2010) report that, for medium-textured soils,
crambe does not respond to the increment in base saturation to
values higher than 65%. This is probably the explanation for the
decrease in crambe yield to the values observed in the present
study, since the soil has medium texture, with only 35% of clay.

The analysis of variance for the regression between the
V% levels and grain oil content was significant only for the
quadratic model. The increment in V% until 46.67% increased
oil contents in crambe grains, but increments higher than 47%
decreased the oil contents to values below those observed in
the control treatment (Figure 5B).

In control plots, the mean oil content observed in the grains
was 37.34% and, when V% increased to 50%, the oil content
increased to 37.80%, causing increment of 1.23%. The results
show that the oil content in crambe grains is a characteristic
influenced by V% and that a correct crop management is
necessary, both through phosphate fertilization and adequate
correction of soil base saturation, in order to obtain maximum
oil production.

CONCLUSIONS

1. Base saturation stimulated crambe root and shoot
development, yield and oil content.

2. The addition of phosphorus doses favored crambe root
and shoot development, yield and oil content, and the dose of
80 kg ha! stood out in relation to the others, especially with
respect to yield and oil content.

3. The variation of base saturation between 47 and 48%
promoted the best results of shoot dry matter and yield of
grains and oil.
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