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In Brazil, the stillage is mainly used in fertigation of sugarcane plantations, however, little is known
about its effect on the nutritional supplementation and irrigation cultivation of linseed. Because of the
shortage of work in the area, the present study aimed to evaluate the development of the culture of
brown and golden linseed submitted to fertigation of stillage. The experiment was conducted in the
field, at the Federal University of Parana in Palotina/PR in the agricultural year of 2013, on a eutrophic
Red Latosol. The adopted lineation was completely randomized in split plots, where the plots were
composed by the two varieties (brown and gold), and the sub-plots by the ratios (100% stillage; 50%
stillage and 50% water; 100% control water). Fertigation of stillage in the culture of brown and golden
linseed presents positive results on plant height, dry and fresh weight, capsules number and
productivity; except for the number of branches (100% is higher). It was observed that between the two
varieties, the golden linseed showed better development with the applied treatment.
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INTRODUCTION

Linseed (Linum usitatissimum) is the flax seed,
commonly used in culinary and ingested with its husk.
The earliest reports of the use of this oilseed are dated of
the time of Mesopotamia. Its origin is Asian, though its
consumption is worldwide, with common use mainly in
Europe and North America (Bombo, 2006). Linseed is

one of the most important cultivated plants worldwide in
terms of vegetation cover and oil content. Its pie,
byproduct of the oil extraction process, is very nutritious
and can be used in animal feed. Furthermore, the linseed
has high presence oflignans, especially secoisolariciresinol
diglucoside (SDG), which are related to reduced risk of
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cardiovascular diseases and are capable of inhibiting the
development of diabetes, and are also important in the
development of the central nervous system and important
in the treatment of certain cancers (FAO, 2008; Oomah
and Mazza, 1993; Westcott and Muir, 2003; Harbige et
al., 2008).

The oilseed, among infinitude of functional foods,
stands out for presenting one of the most interesting
sources of essential fatty acids w-3 and w-6, besides
several phenolic compounds, nutrients and fiber that act
as antioxidants in the body (Mayes, 1994; Hall et al.,
2006). There are two main varieties of linseed, the brown
and the golden linseeds. Their seeds do not differ in their
chemical composition in large proportions, since both
have high levels of lignans and dietary fiber featuring
more than 50% of phenolic in their composition. The
golden linseed is better adapted to cold climates, having
higher levels of protein in their composition when
compared to brown linseed (Lima, 2008; Marques, 2008).
In Brazil, the cultivation of linseed remains mainly in Rio
Grande do Sul, being maintained by descendants of
Polish and German immigrants. Linseed requires
climates with relatively low temperatures for flowering,
around 0 to -2°C. The plant does not require intensive
cultivation and can be grown in crop rotation system on
degraded lands in order to retrieve the soil depletion to
erosion. Its planting usually occurs in the months of May
and June (Soares et al., 2009; Vieira et al., 2012). The
current national agriculture needs to adapt itself to new
circumstances and complexities in an environment of
extreme competitiveness, so that producers need to
improve their techniques with better possible utilization of
productive resources. lIrrigation techniques are directly
linked to agricultural production (Oliveira et al., 2012).

Fertigation is considered as fertilization technique using
the water itself in order to bring nutrients to the soil. It can
occur through the use of diluted commercial fertilizers or
through the use of organic waste, and in large part; the
technique is used in order to fertilize the soil efficiently
and inexpensively, reducing the problem of proper
treatment and disposal of nutrients (Dalri and Cruz,
2002). The stillage is a byproduct of the ethanol industry
with dark brown color and high organic matter content (50
to 150 g L'1), usually presenting relatively low pH values
(3.5 to 5) (Espana-Gamboa et al., 2011; Waliszewski et
al., 1997). Its generation shows the mean proportion of
13 L for each liter of ethanol produced (Carvalho and
Silva, 2010).

According to data from the National Supply Company
(Conab), in 2012, sugarcane production reached 490
million tons, and its expected growth of 7.2% for the
coming years. Due to high production of waste in the pro-
duction process of ethanol, several alternative designa-
tions of this material that are not harmful to the environ-
ment are studied. The first studies on fertigation of stil-
lage in Brazil started in the 50s, becoming common in

cane refineries. The process of fertigation with stillage is
the infiltration of residue in the soil by irrigation channels,
normally destined to sugarcane (Camargo et al., 2009).
Its application decreases costs with chemical fertilizers
and it is an alternative to the use of natural resources,
avoiding the downloading of this material in rivers, while it
is used on agricultural land (Laime et al., 2011; Gianchini
and Ferraz, 2009). Diverging of studies that point the
direct application of stillage related to salinization, lea-
ching of metals presents in the soil to groundwater and
changes in soil quality, studies developed by Penatti et
al. (1999) show that volumes up to 300 m3ha of stillage
with the presence up to 4 kg of potassium per m*, do not
alter the physicochemical and biological soil properties,
regardless of their composition. When deposited on the
soil, the stillage also ensures fertility due to the increased
availability of some ions, increased cationic exchange
capacity, increased water retention capacity and improve-
ments in the physical structure of the soil. Due to its rich
composition in nutrients, especially potassium, most
Brazilian distilleries use this residue in fertigation of sugar
cane plantations (Silva et al., 2007). From this informa-
tion and due to the lack of studies focused on the study of
fertigation of linseed, the present study aimed to evaluate
the development of the culture of brown and golden
linseed with stillage application in different proportions
from the analysis of various parameters of plants.

MATERIALS AND METHODS

The experiment was conducted in the field during the period from
May to September in the agricultural year of 2013, in the area of the
Federal University of Parana in Palotina/PR, located in the following
coordinates: latitude 24°18' S, longitude 53°55' W and elevation of
310 m. The city has a eutrophic Red Latosol soil, with subtropical
climate (Cfa), according to the Koppen classification, with no defi-
nite dry season. Its average annual temperatures vary between 17
and 19°C with hot summers and average rainfall well distributed
throughout the year between 1,200 and 2,000 mm per year (IAPAR,
2006). The characterization of the soil where the experiment was
carried out can be found in Table 1. The adopted lineation was
completely randomized in split plots, where the plots were com-
posed by the two varieties (brown and gold), and the sub-plots by
the ratios (100% stillage; 50% stillage and 50% water; 100% control
water). The plot was consisted by 9 rows of 5 m of length. The
applications were performed every 4 days in volume of 8 L/m?. The
stillage used in the fertigation was from pilot plant of ethanol
production, and must be fermented had only yeast Saccharomyces
cerevisiae added, without addition of any additive of optimization
process. The characterization of the stillage in nutrients can be
found in Table 2.

According to Soares et al. (2009), the culture of linseed occurs in
the fall, in the months of May and June and its harvesting in
November, December and January. From these information, the lin-
seed was planted at the beginning of May and harvested at the
beginning of November, and the plants were harvested in the
morning and after weighing the fresh weight of aerial portion and
fresh weight of the root, the biomass was placed in a greenhouse
with forced air circulation, with the temperature of 65°C + 2 for
determination of dry weight of aerial portion and dry weight of the



Table 1. Soil composition where the experiment was conducted.
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Ca Mg K Al (Cmolc/dm3) H+AIl (Cmolc/dm3) Sum of bases CCE C  Microorganism (g/dms3)
5.67 1.84 0.72 0.00 4.28 8.23 12.51 20.74 35.67
Base Saturation (%) P Fe Mn Cu Zn pH Cacl;
65.8 mg/dm?3
] 12.96 18.48 146.38 8.86  5.01 5.10

CCE: Capacity of cations exchange.

Table 2. Characterization of the sugar kane stillage used in the
linseed fertigation.

N P K Ca Mg pH
g/L

Nutrient

14.35 0.02 0.85 - - 5.76

root. After this procedure, the samples were reweighed in a balance
of semi-analytical accuracy. The greenhouse with forced air circu-
lation step was repeated until constant weight was reached. Plant
height, number of branches, number of capsules and productivity
kg ha™ were recorded. Statistical analysis (ANOVA) was performed
using the statistical software ASSISTAT 7.6 beta and the compa-
rison between treatment means was performed by applying the
Tukey test at 1 and 5% probability and regression analysis at 1 and
5% probability.

RESULTS AND DISCUSSION

According to Table 3, the effect of varying the concentra-
tion of stillage in the analyzed variables can be verified.
Fertigation with stillage influenced the components of
linseed crop production. It could also be shown in Table 3
that the interaction between varieties and stillage concen-
tration does not significantly interfere in fresh weight of
the plant, and in the number of branches and capsules.
From the unfolding of variables that showed interaction
between the factors (Table 4), it can be observed that a
significant difference between the grain productions of
the two varieties of linseed with a higher productivity for
the golden linseed where stillage was applied in propor-
tions of 100%. Nevertheless, it is important to note that
the brown linseed production increased by around 43%
from the treatment without stillage to the treatment with
50% in waste composition, it could be a noted superior
production of the golden linseed in these concentrations.
From the unfolding of variables that showed interaction
between factors (Table 4), it can be observed that plant
height was positively influenced by the application of
stillage. The concentrations (50 and 100%) did not differ
between each other, regardless of variety. It can be ob-
served that the fertigation with stillage positively influen-
ced the dry matter production. The highest concentra-

tions of stillage (50 and 100%) did not provide dry matter
accumulation by the plant, regardless of the variety, the
same was observed by irrigation only with water. The
number of branches per plant (Table 4) followed the
same pattern observed for plant dry matter, where the
highest concentrations and only irrigation did not differ
between cultivars. Productivity of the golden linseed
(648.42 kg ha'1) was superior to the brown -cultivar
(407.10 kg ha-1) for the 100% fertigation concentration.
When the linseed was subjected only to irrigation (0%
stillage concentration), and it can be verified by superior
results for the golden variety. De Paula et al. (1992)
evaluated the production of onion crop with treatments
with stillage, it was noted that the use of fertigation resi-
due assured significant increase in vegetable production
per unit area. The application of stillage from 200 to 400
m3/ha provides superior production of the pineapple
culture, and the stillage replaces KCI as K source (De
Paula et al., 1999). In works that evaluated the initial
development of oilseed plants like groundnut, sunflower
and castor bean, it was found that for the first two crops,
the application of stillage was detrimental to emergence
and seedling development, whereas for castor bean, the
interference of stillage was positive in the variables that
are related to seedling vigor (Ramos et al., 2008). Works
of fertigation with stillage are commonly found for the
sugar cane culture. In a study evaluating the production
of sugar cane with fertigation of stillage, it was concluded
that, concentrations at doses of 300 and 450 m? ha™', the
production of culms was increased, furthermore, doses of
300 m® ha™ provided better rooting in layer of 0.25 and
0.50 m deep (Medina et al., 2002). A work performed by
Barbosa et al. (2012) using fertigation of stillage for sugar
cane culture complementing the need for potassium;
irrigation by surface drip also favored the production of
culms. The same results are obtained in a study by
Oliveira et al. (2009).

Barbosa et al. (2012) further states with experimenta-
tion that the use of fertigation of stillage on the sugar
cane culture promotes alterations in the number of tillers
and leaf area index, compared to non-irrigated cultivation,
regardless of fertigation management. In the culture of
cane, the stillage promotes reduction of sugar concentra-
tion; however it provides vigorous vegetative growth and
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Table 3. Effect of the variation of stillage concentration on analyzed variables of golden and brown linseed.

Factor varieties  Height (cm) Fresh weight (g) Dry weight (cm) Branch number Capsule number Productivity (Kg/ha)
Golden (A) 73.50° 14.45° 4.07° 3.96° 27.71° 383.64°
Brown (B) 79.42° 15.03° 3.91° 3.582 36.25° 503.05°
Stillage (%)

0 62.69° 7.92° 2.62° 3.19° 17.06° 363.88°
50 83.75° 17.01° 453 3.94%° 31.19° 438.39"
100 82.94° 19.28° 4.77° 4192 47.688° 527.762
CV %-A 8.47 25.40 21.95 21.02 26.11 7.98
CV %-B 8.70 31.62 23.78 26.91 33.61 5.95
Varieties 10.0162** 0.2857ns 0.2404ns 2.6872 ns 12.5571* 51.3021**
Vinasse 51.4310** 26.6035** 24.7753** 4.2081* 32.5462* 58.0631**
Int. AXB 4.3320* 1.1587ns 0.0129* 3.1561ns 3.3211ns 58.8071**

Averages in each column followed by the same letter do not differ significantly between each other by the Tukey test, at 5% probability. VC (%) =
Variation coefficient. (**) = Significant at 1% probability. (*) = significant at 5% probability. (ns) = not significant.

Table 4. Unfolding of interaction for height, dry weight and productivity.

Linseed 0 50% Stillage 100% Stillage
Height (cm)

Brown 55.75bB 83.13aA 81.63aA
Golden 69.63aB 84.38aA 84.25aA
Dry weight (g)

Brown 2.67aB 4.62aA 4.81aA
Golden 2.57aB 4.44aA 4.73aA
Productivity (Kg/ha)

Brown 271.14bC 472.67aA 407.10bB
Golden 456.61aB 404.12bB 648.42aA

Using small letters for columns and big letters for rows, averages followed by the same letter do not differ
significantly between each other by the Tukey test, at 5% probability.

dry mass gain (Korndorfer, 1990). The stillage presents in
its composition high concentrations of potassium. In a
work by Rossetto et al. (2012), analyzing the influence of
applying different levels of potassium in cultures of
golden and brown linseed, it was proven that linseed
shows significant response to treatments with macro-
nutrient, and that the golden linseed obtained better
performance. Corroborating with the data obtained in the
study with the treatments of stillage, Turner (1987) states
that potassium is an element that elevates the fiber
content of linseed. Potassium is present in plants in con-
centrations near the nitrogen, and for a good develop-
ment of the plant, potassium contents are between 2 and
5% of the dry weight, depending on each species. Potas-
sium fertilization as well as phosphorus directly helps to
increase the production of roots, flowers and leaves, be-
sides affecting the production of active principles (Meurer,
1995; Bevilaqua et al., 2007). Lewis et al. (1991) also states

that with certain levels of potassium, leaf area of different
oilseed cultures is increased, as well as stem thickness,
number of grains per spike and oil content. According to
Khajani et al. (2012), combined applications of nitrogen,
phosphorus and potassium bring positive impacts on
production components of grain and on the linseed oil.
Some cultivars of linseed, when treated with potassium
fertilization, show resistance to diseases like fusarium.

Conclusion

With the present study, it can be concluded that fertiga-
tion of stillage in the culture of brown and golden linseed
have significant positive results in all analyzed variables.
It is important to point that between the two varieties, the
golden linseed performed better in grain production than
the brown linseed variety.
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