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ABSTRACT 
 
Aims: Poultry litter is an organic residue that can be used as fertilizer for crops such as canola that 
require high nutrient demand. The objective of this research was to evaluate agronomic 
characteristics, productivity and oil content of canola crop as a function of poultry litter use. 
Study Design: The experiment was conducted in the field in a randomized block design with 4 
replications. 
Place and Duration of Study: The experiment was carried out in a property in the city of 
Serranópolis do Iguaçu, state of Paraná, between May and September, 2016. 
Methodology: The treatments were the doses of 0, 1, 2, 4, 8, 16 and 32 t ha-1 of poultry litter from 6 
lots of broiler chickens production. Hyola 433 hybrid was used. Sowing was performed on May 6 
and harvest on September 30, totaling a 145-day-cycle. The row spacing used was 0.5 m, resulting 
in a density of 400 thousand plants ha

-1
. 

Results: In canola cultivation the poultry manure fertilization does not affected the leaf N and K 
contents, plant height, number of grains per silica, number of silica per plant and thousand grain 
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mass. The leaf P content increased from the 16 t ha-1 as the doses increase. The highest yield (2.5 t 
ha

-1
) and the highest oil content (43.2%) were obtained with the 8 t ha

-1
 dose. 

Conclusion: In conclusion the canola fertilized with poultry litter was significant for some variables 
and for the productivity and quantity of oil in the treatment of v) 8 t ha-1 and vi) 16 t ha-1 for 
phosphorus content in leaf tissue. 
It is also concluded that high doses of poultry litter doses not provide increase in canola crop 
variables. 
 

 
Keywords: Organic waste; sustainable; nutrients. 
 

1. INTRODUCTION 
 
The canola crop (Brassica napus), which was 
developed by breeding rapeseed, belongs to the 
Brassicaceae family, and is of great economic 
importance because it is a plant grown in winter, 
providing oil extraction and for presenting about 
34% to 38% oil in its grain and 24% to 27% 
protein [1,2]. 
 
Adequate and balanced nutrient supply is a 
limiting factor for canola productivity. In addition, 
the requirement for medium to high fertility soil 
and N fertilization is essential management for 
satisfactory crop responses [3,4,5]. In recent 
decades, Brazilian poultry has shown a high 
growth rate, becoming the third largest producer 
in the world, with a flock of 5.5 billion head of 
broiler and laying chicken, and being the leader 
in exports [6,7]. 
 
The poultry litter is rich in nutrients, with 
emphasis on N, P and K, which have a high 
demand for plants and microorganisms. Its 
application has been associated with 
improvements in soil chemical, physical and 
biological attributes, contributing to reduced 
erosion, increased water retention, and 
increased C and N content [8,9]. Melo et al. [10] 
point out that organic fertilization with poultry 
litter also provides greater nutrient recycling in 
the soil when compared to mineral fertilization 
because it promotes increase of organic matter 
and soil microbiota. 
 
According to Kiehl [11] the use of poultry litter 
combined with chemical fertilization correspond 
to an increase in the production of several crops. 
In addition, organic fertilization brings benefits to 
the soil as it lowers the pH through inorganic 
complexes with Al and Fe, creasing the 
absorption of P, increasing its availability and 
other nutrients contained in the soil solution. 
 
Given this, more and more alternatives are being 
sought for the safe use of poultry litter in order to 

avoid environmental contamination. The use of 
these organic residues in agriculture as a nutrient 
source for crops becomes an interesting 
alternative in view of the high price of mineral 
fertilizers, coupled with the low cost of 
production, as it can be generated within the 
rural property. 
 
Canola, as characteristic of the species, is 
demanding in soil fertility, and can be benefited 
by the use of poultry litter as organic fertilizer. 
Therefore, the present work aimed to evaluate 
agronomic characteristics, productivity and oil 
content of canola culture as a function of the use 
of poultry litter. 
 

2. MATERIALS AND METHODS 
 
The experiment was conducted in a property in 
the city of Serranópolis do Iguaçu, state of 
Paraná (latitude 25°22 'S, longitude 54°03 'W, 
325 m). According to the Köppen climate 
classification, the local climate is defined as 
humid subtropical (Cfa), characterized by hot 
summer without dry season, with annual average 
temperature ranging from 17°C and 19°C and 
rainfall of 1200 and 2000 mm, distributed during 
the year. 
 
The climatic data obtained at the weather station 
Agritempo in Serranópolis do Iguaçu indicated 
that the precipitation was adequate for canola 
crop, affecting only in the grain filling phase that 
there was a water deficit. The temperature during 
the development of the canola showed an 
average of 23°C and the average grain filling and 
harvest above 25°C. 
 
The soil of the area is classified as Eutroferric 
Red Latosol, with very clayey texture, with the 
contents of sand, silt and clay of 9.8%, 13.5% 
and 76.6%, respectively presenting a density of 
2.9 g cm-3. Sampling was performed to analyze 
soil fertility in order to know the need for acidity 
correction for sampling from 0-20 cm and for 20-
40 cm. The following results were obtained: Ca2+: 



 
 
 
 

Daronch et al.; JEAI, 41(6): 1-11, 2019; Article no.JEAI.53587 
 
 

 
3 
 

4.2; 3.5; Mg2+: 1.7; 1.1; K+: 0.4; 0.3; Al3+: .0; 1.2; 
H+Al: 2.9; 5.3; these are cmol dm

-3
. P: 27.0; 9.8; 

in mg dm-3; Soil organic matter: 26.2; 9.8; in g kg-

1
; pH (CaCl2): 5.2; 4.9; and base saturation 

68.4%; 47.9%. A correction of 20-40 cm was 
performed with the management of plaster in 
order to increase the availability of nutrients. 
 

The poultry litter used for the experiment was 
removed after the production of six lots of broiler 
chicken, composed of poultry residues and 
materials that are used for management between 
batches, such as shavings and lime. The 
material was exposed to the environment for 
decomposition for 60 days before applying it to 
the soil. A sample of the material was taken for 
chemical analysis at the time of application to the 
soil in order to know the chemical composition of 
the organic fertilizer as follows: N: 3.2%; P: 3.4%; 
K: 3.9%; Ca: 4.2%; Mg: 1.3%; S: 0.8% and 
Organic matter (OM): 73.2%. 
 

The experimental design was a completely 
randomized block design with four replications, in 
plots of 13.7 m² of usable area (7.5 x 4.5 m) in 
the density of 30 plants per m

2
. Seven 

treatments referring to the poultry litter doses 
were used: i) 0 t ha

-1
; ii) 1 t ha

-1
; iii) 2 tha

-1
; iv) 4 t 

ha-1; v) 8 t ha-1; vi) 16 t ha-1; vii) 32 t ha-1. 
 

The poultry litter doses were manually applied to 
the surface without incorporation, three days 
prior to sowing. After canola sowing, the 
experiment was weekly monitored to identify 
weeds, pests and pathogens and, when 
necessary, control was performed with 
agrochemical applications throughout the 
experimental area. 
 
The climatic aspect during the instalation the 
culture was apropriate for hybrids cultivate in 
Brasil, with regular humidity aabout 60% and the 
avarage temperature of 23°C in the moment 
canola sowing. 
 
The variables that were subjected to evaluation 
in this experiment were: number of final plants, 
plant height, number of pods per plant, number 
of grains per silica, mass thousand grains and 
yield, amount of N leaf, P leaf and K leaf, and oil 
content. 
 
The data obtained were subjected to analysis of 
variance by applying the F test at 5% probability 
of error. Significant results were evaluated by 
regression analysis also at 5% error level. The 
statistical program used was the SAS INSTITUE 
[12]. 

3. RESULTS AND DISCUSSION 
 
The variables number of final plants, plant height, 
number of pods per plant, number of grains per 
silica, mass thousand grains and yield, amount of 
N leaf, P leaf and K leaf, and oil content there 
were no differences between treatments. But 
there was difference for the P leaf content, grain 
oil content and grain yield variables. Oliveira et 
al. [13] showed that the fertilization 
supplementation using the poultry litter in the 
cabbage crop, species of the same canola 
family, increased leaf contents of N, P, K, Ca and 
Mg. 
 

The results presented by the variable leaf N 
content in canola can be explained by several 
authors, where the efficiency of the high N 
concentration applied to the soil was unbalanced 
with the S nutrient, which presented low 
concentration in the poultry litter presenting low 
N efficiency in the soil plant [14,15,16]. Lucas et 
al. [17] observed increasing results of N content 
in chemical analysis of canola leaves using 
increasing rates of N fertilization in cover. For 
Lourenço et al. [18], the poultry litter when used 
in common bean crop does not meet the 
nutritional demand of the plant by presenting 
unavailable N and P contents compared to the 
use of mineral fertilizer. 
 

Kiehl [11] reports that the application of organic 
residues that constitute high C/N ratio results in 
decreased N absorption making the plant 
deficient for this nutrient for its development. 
Considering that the ratio of C/N is lower due to 
the high amounts of N applied to the compost 
soil in the poultry litter, the absorption of this 
nutrient may be influenced by the lack of 
expressive action of microorganisms and the 
availability of nutrients from the aviary bed. 
 

There was difference only for P in leaf content, 
which presented quadratic adjustment in which 
from the dose of 16 t ha-1 resulted in increased 
leaf P content (Fig. 1). 
 

The amount analyzed for the highest P content in 
the leaf was 6.7 g Kg-1, which is almost double 
the amount of 3.5 g Kg-1 suitable for canola 
cultivation in the state of Paraná [19]. By 
observing this higher dose content and 
comparing the productivity in this same 
treatment, there is a decrease in productivity with 
increasing dose. This shows that the P content 
found in the leaf at high doses applied to the soil 
results in concentrations within the critical zone 
affecting plant growth and yield [20]. 
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Fig. 1. Phosphorus content in leaf tissue (g kg

-1
) in canola in poultry litter doses 

 
Knowing that canola received high levels of this 
nutrient in the doses applied from 2 t ha-1 

according to the recommendation of Pauletti et 
al. [21] and when observing the high P content in 
the soil, the appropriate amount to be applied is 
up to 60 kg ha

-1
. But considering the efficiency 

index presented by CQFS (2004), which is 80% 
for the first crop still the doses from 4 t ha

-1
 of 

poultry litter becomes too high values to fertilize 
the canola. 
 
With increasing application of animal residue 
doses to soil there was an increase of P 
availability, Kiehl [11] occurred by the decrease 
of P adsorption in clay colloids through Fe and Al 
inorganic complexes. 
 
Another reason is that in characteristic 
weathered soils such as Oxisols when applying 
high doses of organic fertilizers the P contained 
in these compounds is adsorbed on soil colloids 
and a part becomes available to plants when it 
supplies the soil sorption capacity [22,23]. 
 
Regarding plant height, probably the fact that no 
difference was observed for this variable may be 
related to the high fertility content presented in 
the soil as the acidity tolerated by the crop as 
well as nutrient content such as P and K in that 
the experiment was performed. The average 
height was 1.34 m, higher than the data 
observed by Rigon et al. [24] and Melgarejo [25], 
who evaluated the same hybrid and the same 
sowing season used in this experiment observed 
values of 1.09 m and 1.23 m, respectively. This 
fact can also be attributed to the high soil fertility 
in which this experiment was conducted. 
 

In the variables number of silica per plant, 
number of grains per silica and mass of one 
thousand grains there was no effect in relation to 
the applied poultry litter doses. The average 
presented of these variables was 305; 17.8; and 
3.02 g, respectively. These values resemble the 
results of experiments conducted at the same 
sowing date and for the same hybrid [26,27]. 
 
Studies conducted in two consecutive years with 
canola cultivation showed a reduction in the 
number of pods per plant, one thousand grain 
mass and yield as a function of water stress 
ranging from 20 to 45% losses [28,29]. In this 
experiment between June and early August there 
was a water deficit in the flowering phase and 
formation of plant syllables explaining the effect 
of not presenting difference for these variables. 
 
Izli et al. [30] reported that the increase in the 
mass of one thousand canola grains is related to 
the increase in moisture. This explains the fact 
that in this experiment there was no difference 
for this variable because it presented very low 
moisture contents for this phase of canola 
development. 
 
Marco et al. [31] concluded that the hybrid 433, 
when produced under average temperature 
conditions of 24.6°C, shortens its cycle to 90 
days and that it has its highest water 
consumption at the flowering stage. The average 
temperature presented in this experiment was 
20.2°C representing the ideal for canola 
cultivation, but in relation to rainfall distribution 
was irregular which led to water deficit in the 
most demanding times of the crop. 
 

y = 0.003691x2 - 0.07414x + 5.5987
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The oil content (Fig. 2) contained in the canola 
grain presented significance where its maximum 
point was 8 T ha-1 in the amount of 43% oil 
content, which was higher compared to the result 
of 39% oil content maximum oil obtained by 
Melgarejo et al. [26]. 
 
Oil yield and quality are closely related to canola 
crop fertilization, and balanced nutrition will 
provide sustainable nutrient management [32]. 
The balanced fertilization that the previous 
author explains was confirmed by Firmes et al. 
[33] who observed that N efficiency is influenced 
by correct S fertilization which results in canola 
oil content and quality. 
 
Regarding the S available for canola cultivation, 
950 kg ha-1 of gypsum plaster was applied in 
addition to the concentration presented in the 
poultry litter, which represented 8.5 to 272 kg ha-

1
 in relation to the applied dose. These amounts 

represent high S values compared to the 
amounts of N contained in the doses of organic 
fertilizer used in this experiment. 
 
Rathke et al. [3] observed that the correct use of 
N in canola culture results in proportional 
increases of oil and protein production in the 
grain and in contrast the amount of oil decreases 
and the protein increases with the excessive use 
of N both in mineral fertilization and in fertilizerof 
organic fertilization. This explains the fact that 
the oil content decreased with the increase of 
poultry litter doses due to higher N content. 
 
The dose evidenced as excess N for canola 
culture in relation to the oil content presented in 
the work of Rathke et al. [3] was 240 kg ha

-1
 

corroborating the results presented in this 

experiment in which from the 16 t ha-1 dose 
corresponding to the amount of 516 kg ha

-1
 there 

was a decrease in the oil contents in the canola 
grain. 
 
Sanches et al. [5] observed response of the 
morphological and productive components of the 
canola Hyola 61 hybrid in the presence of 
irrigation, and in this same experiment worked 
with the use of three N rates in coverage at the 
true four leaf stage (B4) and obtained significant 
results increasing the oil content. 
 
The reduction in oil content of rapeseed grain is 
inversely related to the average temperature 
during the grain filling phase. The author 
confirms that temperatures above 21°C result in 
a marked decrease in the amount of oil and 
among other consequences as deformed grains 
produced by heat stress [34]. 
 
These works show that N is an element that 
relates to oil content and temperature also 
influences that in this experiment high doses of N 
were applied through the composition of the 
poultry litter and the temperature favored the 
development of the plant for a production 
satisfactory content of oil content in canola grain. 
 
Grain yield had effect with quadratic adjustment 
and the 8 t ha

-1
 dose obtained the highest yield 

(Fig. 3). 
 
The poultry litter composition has amount of 
organic matter. Rodrigues et al. [35] concluded 
that animal manure provides satisfactory results 
in plant production when used as fertilizer 
because it provides complex nutrients through 
organic matter. 

 

 
 

Fig. 2. Oil content (%) of canola grain in poultry litter doses 
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Fig. 3. Productivy (Kg ha-1) of canola grains in poultry litter doses 
 
The results presented by Ben et al. [36] in which 
they evaluated the efficiency of poultry litter in 
common bean crop, observed that the best 
performance in organic fertilizer in the crop was 
when applied to the surface compared to that 
used in the row, and the management employed 
in the application of fertilizer in this work. In the 
canola crop was the surface haul indicating a 
better effect on the result of the variables of P 
leaf content, grain yield and oil content. Oliveira 
et al. [37] using the yam culture (Colocasia 
esculenta) observed increase in productivity 
where poultry litter was used as a cover fertilizer 
and N source which corresponded to 4.4 t ha-1 
litter aviary at its maximum productivity. 
 
Carvalho et al. [38] evaluating doses of 0, 3, 6 
and 9 t ha-1 of poultry litter in soybean, observed 
a linear increase in yield, one thousand grain 
mass and number of vegetables per plant. 
 
Corroborating the result presented in this paper 
Santos et al. [39] observed an increase of N 
content in oat crop at doses higher than 7.5 t ha

-1
 

and an increase in corn crop yield when the 
poultry litter was used to replace mineral N 
fertilization. 
 
In the experiment conducted by Brito et al. [40] 
where the effect of soil nutrient availability was 
analyzed by laying manure applications (3 t ha-1); 
chicken litter (6 t ha

-1
); sheep manure (6 t ha

-1
); 

and silage residue; the laying manure promoted 
the highest P availability compared to the other 
evaluated organic residues. 
 
Timossi et al. [41] used 0, 2.88, 5.76, 11.52 and 
17.28 t ha-1 of soil poultry litter which 
corresponds to 0, 50, 100, 200 and 300%, 

respectively, of the amount of N recommended 
for corn crop and compared with mineral 
fertilizer, obtained results in which the amount of 
200% N of the poultry litter dose equaled the 
corn productivity obtained with the use of mineral 
fertilizer. 
 
Scherer and Spagnollo [42] observed in nine 
years of cultivation, higher productivity in corn 
and bean crop with the use of poultry litter 
compared to several other sources of organic 
fertilizers. However, it was observed that in the 
early years the fertilization with poultry litter was 
lower compared to other organic fertilizers, this 
shows that the organic fertilizer takes a while to 
make nutrients available to the soil. 
 
The use of poultry litter makes it an economical 
and sustainable alternative in bean crop [43]. 
This information corroborates the results of 
canola productivity, with the highest productivity 
dose being 20 t ha

-1
 of released poultry litter in 

surface without incorporation corresponding to 
the amount of 646 kg ha

-1
 of N which is 

equivalent to 500% of the recommended for the 
canola culture [19]. 
 
These results highlight the efficiency of poultry 
litter in supplying the most demanding nutrient 
needs of canola crop, and the highest yield was 
2500 kg ha-1 at a dose of 20 t ha-1. It is also 
noteworthy that this productivity is above the 
national average productivity which in the 2016 
harvest was 1514 kg ha

-1
 and the state of Paraná 

with 1479 kg ha-1 [44]. 
 
Melgarejo et al. [26] evaluating different sowing 
dates and different genotypes, observed that low 
rainfall during the experiment affected the 
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productive potential of Hyola 433 hybrid because 
it had higher soil moisture requirement compared 
to Hyola 61 with average yield of 1359 kg ha-1 
and 1222 kg ha

-1
 respectively, inferior results in 

relation to the average obtained in this 
experiment of 2311 kg ha

-1
. 

 
According to Mohammadi et al. [45] and Dogan 
et al. [46] water deficit in the flowering and grain 
filling phases of canola results in decreases in 
the vegetative period and affects oil quality. 
Other studies have shown that in two 
consecutive years there was a reduction in the 
number of pods per plant, one thousand grains 
mass and productivity as a function of water 
deficit ranging from 20 to 45% losses [28,29]. 
 
Another explanation of not having significant 
results for all components of canola productivity 
is the use of poultry litter, which is a residue that 
favors an increase in nutrient availability over 
time due to the mobilization and mineralization of 
the elements which are necessary for plants [47], 
since in this experiment the poultry litter was 
thrown to the ground at the time of canola 
sowing. 
 
These studies present a relationship in which the 
use of organic waste or N fertilizers for species 
demanding this nutrient have an effect on yield 
results, as well as canola that when using poultry 
litter doses that have high N content resulted in 
productivity gains. 
 
The rate of nutrient release efficiency such as N, 
P and K provided by animal waste is of 
paramount importance to ensure that the 
recommendation of the amount to be used does 
not compromise the environment [48]. 
 
The delay in canola sowing date from may 
onwards has influence on the duration of each 
crop phase consequently will affect the yield, 
considering that in this region of this work was 
not affected by the sowing delay [49]. 
 
Tizzot et al. [50] concluded that delaying canola 
sowing in particular to the Hyola 433 hybrid 
reduces 19 kg ha

-1
 of grain yield per day after 

May 9 in the state of Rio Grande do Sul and the 
climate of the region is classified as subtropical. 
Cfa type, with no defined dry season, according 
to Köppen and the soil is typical dystroferric Red 
Latosol. This study relates high productivity 
results to this work in which it was sown at the 
beginning of May, causing no productivity losses. 
 

4. CONCLUSION 
 
In conclusion the canola fertilized with poultry 
litter was significant for some variables and for 
the productivity and quantity of oil in the 
treatment of v) 8 t ha

-1
 and vi) 16 t ha

-1
 for 

phosphorus content in leaf tissue.  
 
It is also concluded that high doses of poultry 
litter doses not provide increase in canola crop 
variables. 
 

ACKNOWLEDGEMENTS 
 
We Thank the State University of the West of 
Paraná, for proved that space and material for 
realization of this study, and the Coordination of 
Improvement of Higher Education Personnel 
(Capes) by the scholarships to academics who 
developed this work. 
 
COMPETING INTERESTS 
 
Authors have declared that no competing 
interests exist. 
 

REFERENCES 
 
1. Tomm GO. Technological codes for canola 

production in the Rio Grande do Sul. 1th 
ed. Passo Fundo: Embrapa Trigo; 2007.  

2. Mendonça JÁ, Riboldi LB, Soares CDF, 
Castro PRC, Kluge RA. Canoil (Brassica 
napus L.). 61

th
 ed. Piracicaba: Produtor 

Rural; 2016.  
3. Rathke GW, Christen O, Diepenbrock W. 

Effects of nitrogen source and rate on 
productivity and quality of winter oilseed 
rape (Brassica napus L.) grown in different 
crop rotations. Field Crops Research. 
2005; 94:1. Accessed 29 April 2015. 
Available:https://www.sciencedirect.com/sc
ience/article/pii/S0378429004002886 

4. Öztürk Ö. Effects of source and rate of 
nitrogen fertilizer on yield, yield 
components and quality of winter rapeseed 
(Brassica napus L.). Chilean Journal of 
Agricultural Research. 2010;70:1. 
(Accessed 29 March 2015) 
Available:http://www.bioline.org.br/pdf?cj10
014 

5. Sanches AC, Gomes EP, Ramos WB, 
Mauad M, Santos S, Biscaro GA.  Canola 
yield under irrigation and nitrogen 
fertilization rates. Brazilian Journal of 



 
 
 
 

Daronch et al.; JEAI, 41(6): 1-11, 2019; Article no.JEAI.53587 
 
 

 
8 
 

Agricultural and Environmental 
Engineering. 2014;18:7. Portuguese. 
Available:http://www.agriambi.com.br/revist
a/v18n07/v18n07a03.pdf 

6. IBGE - Brazilian Institute of Geography 
and Statistics; 2010.  
(Accessed 29 August 2019) 
Available: http://www.ibge.gov.br, acesso 
em abril de 2017. 

7. MAPA - Ministry of Agriculture, Livestock 
and Supply. 2015.  
(Accessed 10 March 2019) 
Ahttp://www.agricultura.gov.br/animal/espe
cies/aves, acesso em abril de 2017. 

8. Blum LEB, Amarante CVT, Güttler G, 
Macedo AF, Kothe D, Simmler A, Prado G, 
Guimarães L. Production of strawberry and 
cucumber in soil with incorporation of 
poultry litter and pine bark. Brazilian 
Horticulture. 2003;21:4. Portuguese. 
(Accessed 10 March 2019) 
Available:http://www.scielo.br/scielo.php?s
cript=sci_arttext&pid=S0102-
05362003000400010 

9. Costa AM, Borges EM, Silva NA, 
Guimarães EC. Physical recovery potential 
of a Red Latosol under degraded pasture, 
influenced by chicken litter application.  
2009;33:1. Portuguese.  
(Accessed 5 March 2016) 
Available:http://www.scielo.br/pdf/cagro/v3
3nspe/50.pdf  

10. Melo AV, Galvão JCC, Braun H, Santos 
MM, Coimbra RR, Silva RR, Reis 
WFNutrient extraction and biomass 
production of black oats cultivated in soil 
submitted to eighteen years of organic and 
mineral fertilization. Semina: Agricultural 
Sciences. 2011;322. Portuguese. 
(Accessed 10 March 2019) 
Available:https://www.locus.ufv.br/bitstrea
m/handle/123456789/17993/artigo.pdf?seq
uence=1&isAllowed=y 

11. Kiehl EJ. Organomineral fertilizers. 1th ed. 
Piracicaba: Agronomic Ceres; 1993.  

12. SAS INSTITUTE INC. SAS University 
Edition. Installation guide for Windows. 
Cary: SAS Intitue; 2014. 

13. Oliveira FL, Ribas RGT, Junqueira RM, 
Padovan MP, Guerra JGM, Almeida DL, 
Ribeiro RLDUse of Crotalaria juncea 
preculture and increasing doses of poultry 
litter in the production of cabbage under 
organic management. Agronomia. 2003; 
37:2. Portuguese.  
(Accessed 10 December 2018) 

Available:https://www.researchgate.net/pu
blication/239529041_USO_DO_PRE-
CULTIVO_DE_Crotalaria_juncea_E_DE_D
OSES_CRESCENTES_DE_CAMA_DE_A
VIARIO_NA_PRODUCAO_DO_REPOLH
O_SOB_MANEJO_ORGANICO 

14. Malhi SS. Influence of four successive 
annual applications of elemental S and 
sulphate-S fertilizers on yield, S uptake 
and seed quality of canola. Canadian 
Journal of Plant Science. 2005;85:4. 
Portuguese.  
(Accessed 1 May 2018) 
Available:https://www.nrcresearchpress.co
m/doi/abs/10.4141/P04-133#.Xd525-hKjIU 

15. Malhi SS, Gill KS. Cultivar and fertilizer S 
rate interaction effects on canola yield, 
seed quality and S uptake. Canadian 
Journal of Plant Science. 2006;86:1. 
(Accessed 1 May 2018) 
Available:https://www.researchgate.net/pu
blication/276029591_Cultivar_and_fertilize
r_S_rate_interaction_effects_on_canola_yi
eld_seed_quality_and_S_uptake 

16. Ahmad G, Jan A, Arif M, Jan MT, Khattak 
RA. Influence of nitrogen and sulfur 
fertilization on quality of canola (Brassica 
napus L.) under rainfed conditions. Journal 
of Zhejiang University – Science B, 
Hangzhou. 2007;8:10.  
(Accessed 22 February 2019) 
Available:https://www.ncbi.nlm.nih.gov/pm
c/articles/PMC1997227/ 

17. Lucas FT, Coutinho ELM, Paes JMV, 
Barbosa JCProductivity and quality of 
canola grains as a function of nitrogen and 
sulfated fertilization. Semina: Agricultural 
Sciences. 2013;34:6. Portuguese. 
(Accessed 22 February 2019) 
Available:https://repositorio.unesp.br/bitstr
eam/handle/11449/113228/WOS00032827
6600008.pdf?sequence=1&isAllowed=y 

18. Lourenço KS, Corrêa JC, Ernani PR, 
Lopes LDS, Nicoloso RS. Growth and 
absorption of nutrients by bean fertilized 
with poultry litter and mineral fertilizers. 
Brazilian Journal of Soil Science. 
2013;37:2. Portuguese.  
(Accessed 22 February 2018) 
Available:http://www.scielo.br/pdf/rbcs/v37
n2/a17v37n2.pdf. 

19. Pauletti V, Motta ACV. Fertilization and 
liming manual for the state of Paraná. 2th 
ed. Curitiba: SBCS/NEPAR; 2017.  

20. Taiz L, Zeiger E. Plant physiology. 6
th
 ed. 

Porto Alegre: Artmed; 2009.  



 
 
 
 

Daronch et al.; JEAI, 41(6): 1-11, 2019; Article no.JEAI.53587 
 
 

 
9 
 

21. Pauletti V, Pierri L, Ranzan T, Barth G, 
Motta ACVLong-term effects of plaster and 
limestone application on no-till system. 
Brazilian Journal of Soil Science. 2014;38: 
2. Portuguese.  
(Accessed 21 February 2018) 
Available:http://www.scielo.br/pdf/rbcs/v38
n2/14.pdf 

22. Bolan NS, Barrow NJ, Posner AM. 
Describing the effect of adsorption of 
phosphate by iron and aluminum 
hydroxides. Journal of Soil Science. 1985; 
36:2.  
(Accessed 21 February 2018) 
Available:https://onlinelibrary.wiley.com/doi
/pdf/10.1111/j.1365-2389.1985.tb00323.x 

23. Cassol PC, Gianello C, Costa VEU. 
Fractions of phosphorus in manure and its 
efficiency as phosphate fertilizer. Brazilian 
Journal of Soil Science. 2001;25:3. 
Portuguese.  
(Accessed 21 January 2017) 
Available:http://www.scielo.br/pdf/rbcs/v25
n3/12.pdf 

24. Rigon CAG, Goergen AB, Bordin R, Pilla 
RB, Zanatta TP, Silva VR, Tomm GO. 
Agronomic characteristics, oil yield and 
canola protein at different sowing dates. 
Brazilian Journal of Agricultural 
Technology.2017;1:2. Portuguese. 
(Accessed 21 January 2017) 
Available:https://ainfo.cnptia.embrapa.br/di
gital/bitstream/item/170924/1/artigo-2017.-
Caracteristicas-agronomicas-rendimentos-
de-oleo-e-proteina-de-canola-em-
diferentes-epocas-de-semeadura.pdf 

25. Melgarejo MAA. Agronomic characteristics 
and oil content of two canola hybrids sown 
at different times in Marechal Candido 
Rondon-PR. 2013;50. (Dissertation), 
Universidade Estadual Oeste do Paraná, 
Programa de pós-graduação em 
Agronomia. (Dissertation). State University 
of Western Paraná, Postgraduate Program 
in Agronomy (In press). 

26. Melgarejo MAA, Duarte Júnior JB, Costa 
ACT, Mezzalira EJ, Piva AL, Santin A. 
Agronomic characteristics and oil content 
of canola as a function of sowing date. 
Brazilian Journal of Agricultural and 
Environmental Engineering. 2014;18:9. 
Portuguese.  
(Accessed 21 January 2017) 
Available:http://www.scielo.br/pdf/rbeaa/v1
8n9/v18n09a09.pdf 

27. Estevez RL. Agronomic characteristics and 
oil yield of two canola hybrids (Brassica 

napus var. Oleifera) at different sowing 
dates. 2012;52. (Dissertation). State 
University of Western Paraná, 
Postgraduate Program in Agronomy (In 
press). 

28. Tohidi-Moghadam HR, Shirani-Rad AH, 
Nour-Mohammadi G, HabibI D, Modarres-
Sanavy SAM, Mashhadi-Akbarboojar M, 
Dolatabadian A. Response of six oilseed 
rape genotypes to water stress and 
hydrogel application. Pesquisa 
Agropecuária Tropical. 2009;39:3. 
(Accessed 21 January 2017) 
Available:47753769_RESPONSE_OF_SIX
_OILSEED_RAPE_GENOTYPES_TO_WA
TER_STRESS_AND_HYDROGEL_APPLI
CATION_RESPOSTA_DE_SEIS_GENOTI
POS_DE_CANOLA_A_ESTRESSE_HIDRI
CO_E_APLICACAO_DE_HIDROGEL 

29. Faraji A, Latifi N, Soltani A, Rad AHS. 
Seed yield and water use efficiency of 
canola (Brassica napus L.) as affected by 
high temperature stress and supplemental 
irrigation. Agricultural Water Management. 
2008;96:1.  
(Accessed 21 July 2017) 
Available:https://www.sciencedirect.com/sc
ience/article/abs/pii/S0378377408001790 

30. Izli N, Unal H, Sincik M. Physical and 
mechanical properties of rapeseed at 
different moisture contente. Int. 
Agrophysics. 2009;23:2.  
(Accessed 21 July 2017) 
Available:https://www.researchgate.net/pu
blication/286994798_Physical_and_mecha
nical_properties_of_rapeseed_at_different
_moisture_content 

31. Marco KD, Dallacort R, Santi A, Okumura 
RS, Inoue MH, Barbieri JD, Araujo DV, 
Martinez RAS, Fenner W. Thermic sum 
and crop coefficient of canola (Brassica 
napus L.) for the region of Tangará da 
Serra, Mato Grosso State, Brazil. Journal 
of Food, Agriculture e Environment. 
2014;3:2.  

(Accessed 22 February 2019) 

Available:https://www.researchgate.net/pu
blication/287845825_Thermic_sum_and_c
rop_coefficient_of_canola_Brassica_napus
_L_for_the_region_of_Tangara_da_Serra_
Mato_Grosso_State_Brazil 

32. Süzer S. Effects of plant nutrition on 
canola (Brassica napus L.) Growth. Trakya 
University Journal of Natural Sciences. 
2015;16:2.  
(Accessed 22 February 2019) 



 
 
 
 

Daronch et al.; JEAI, 41(6): 1-11, 2019; Article no.JEAI.53587 
 
 

 
10 

 

Available:https://dergipark.org.tr/en/downlo
ad/article-file/234481 

33. Fismes J, Vong PC, Frossard E. Influence 
of sulfur on apparent N-use efficiency, 
yield and quality of oilseed rape (Brassica 
napus L.) grown on a calcareous soil. 
European Journal of Agronomy. 2000;12:2.  
(Accessed 22 march 2019) 
Available:https://www.researchgate.net/pu
blication/257505340_Influence_of_sulfur_o
n_apparent_N-
use_efficiency_yield_and_quality_of_oilse
ed_rape_Brassica_napus_L_grown_on_a_
calcareous_soil 

34. Larrosa L. Effect of planting date on yield 
components in rapeseed cultivars. 2009. 
59 f. (Final Graduation Work). Entre Rios: 
Faculty of Agricultural Sciences of the 
National University of Entre Ríos. 

35. Rodrigues PNF, Rolim MM, Bezerra Neto 
E, Pedrosa EMR, Oliveira VS. Mineral 
growth and composition of the milho em 
função da compactação do solo e da 
aplicação de composto organic.         
Brazilian Magazine of Agricultural and 
Environmental Engenharia. 2009;13:1. 
Portuguese.  
(Accessed 22 february 2019) 
Available:http://www.scielo.br/pdf/rbeaa/v1
3n1/v13n01a14 

36. Ben JR, Vieira SA, Scherer E, Bartz H. 
Effect of chicken manure fertilization on 
common bean crop. Brazilian Agricultural 
Research. 1981;16:2. Portuguese. 
(Accessed 20 February 2019) 
Available:https://seer.sct.embrapa.br/index
.php/pab/article/view/16717  

37. Oliveira FL, Guerra JGM, Almeida DL, 
Ribeiro RLD, Silva ED, Silva VV, Espindola 
JAA. Tarot performance as a function of 
poultry litter doses under organic 
production system. Brazilian Horticulture. 
2008;26:149-153. Portuguese.  
(Accessed 20 February 2019) 
Available:http://www.scielo.br/scielo.php?s
cript=sci_arttext&pid=S0102-
05362008000200004 

38. Carvalho ER, Rezende PM, Andrade MJB, 
Passos AMA, Oliveira JA. Mineral fertilizer 
and organic waste on soybean agronomic 
characteristics and soil nutrients. 
Agronomic Science Journal. 2011;42:4. 
Portuguese.  
(Accessed 20 February 2019) 
Available:http://www.scielo.br/pdf/rca/v42n
4/a15v42n4.pdf 

39. Santos LB, Castagnara DD, Bulegon LG, 
Zoz T, Oliveira SR, Gonçalvez Júnior AC, 
Neres MA. Replacement of mineral 
nitrogen fertilization by poultry litter in 
succession oat/corn. Biosciense Journal. 
2014;30:1. Portuguese.  
(Accessed 18 February 2019) 
Available:http://www.seer.ufu.br/index.php/
biosciencejournal/article/view/17979 

40. Brito OR, Vendrame PRS, Brit RM. 
Changes in the chemical properties of a 
dystroferric red latosol submitted to organic 
waste treatment. Semina: Agricultural 
Sciences. 2005;26:1. Portuguese. 
(Accessed 18 February 2019) 
Available:https://www.redalyc.org/pdf/4457
/445744074005.pdf 

41. Timossi PC, Sena Junior DG, Ragagnin 
VA. Weed management on the corn crop 
fertilized with poultry litter. Brazilian 
Journal of Corn and Sorghum. 2016;15:1. 
Portuguese.  
(Accessed 18 February 2015) 
Available:http://rbms.cnpms.embrapa.br/in
dex.php/ojs/article/view/506 

42. Scherer EE, Spagnollo E. Chemical 
properties of soil and yield of corn and 
beans in the organic system using different 
sources of fertilizer. Catarinense 
Agricultural Journal. 2014;27:1. 
Portuguese.  
(Accessed 15 February 2015) 
Available:http://revistas.aba-
agroecologia.org.br/index.php/cad/article/vi
ew/21812/13930 

43. Vogt GA, Backes RL, Gallotti GJM, Souza 
AM, Sagaz DP, Meister LA. Productivity of 
local bean varieties in different doses of 
poultry litter and basalt dust. Agroecology 
Notebooks. 2013;8:2. Portuguese. 
(Accessed 15 February 2015) 
Available:http://andorinha.epagri.sc.gov.br/
consultawebsite/busca?b=pc&id=118408&
biblioteca=vazio&busca=autoria:%22SAG
AZ,%20D.%20P.%22&qFacets=autoria:%2
2SAGAZ,%20D.%20P.%22&sort=ano-
publicacao&paginacao=t&paginaAtual=1 

44. Conab, National Supply Company. 
Brazilian Crop Monitoring - Grains, 
Agricultural Monitoring Crop 2016/2017. V. 
4 - SAFRA 2016/17- N. 12 – 12

th
 Survey; 

2017.  
(Acesso em 22 Março 2018) 
Available:http://www.conab.gov.br/OlalaC
MS/uploads/arquivos/17_09_12_10_14_36
_boletim_graos_setembro_2017.pdf> 



 
 
 
 

Daronch et al.; JEAI, 41(6): 1-11, 2019; Article no.JEAI.53587 
 
 

 
11 

 

45. Mohammadi K, Rokhzadi A. An integrated 
fertilization system of canola (Brassica 
napus L.) production under different crop 
rotations. Industrial Crops and Products. 
2012;37:1.  
(Accessed 1 February 2015) 
Available:https://www.sciencedirect.com/sc
ience/article/abs/pii/S0926669011004869 

46. Dogan E, Copur O, Kahraman A, Kirnak H, 
Guldur ME. Supplemental irrigation effect 
on canola yield components under 
semiarid climatic conditions. Agricultural 
Water Management. 2011;98:9.  
(Accessed 1 march 2019) 
Available:https://www.sciencedirect.com/sc
ience/article/abs/pii/S0378377411000953 

47. Silva J, Lima SPS, Oliveira M, Silva KMB. 
Effect of cattle manure on yields of green 
ears and corn kernels. Brazilian 
Horticulture. 2004;22:2. Portuguese.   
(Accessed 18 March 2019) 
Available:http://www.scielo.br/pdf/hb/v22n2
/21041.pdf 

48. Fioreze C, Ceretta CA, Giacomini SJ, 
Trentin G, Lorensini F. N release in soils of 

different textures with or without organic 
fertilizers. Rural science. 2012;42:7. 
Portuguese.  
(Accessed 1 March 2016) 
Available:http://www.scielo.br/pdf/cr/v42n7/
a19112cr3820.pdf 

49. Panozzo LE, Zuchi J, Silva FD, Pinto LB, 
Dias DFS, Barros WS, Tomm GO. 
Evaluation os some hybrids os canola in 
function of sowin dates in Viçosa, MG, 
Brazil. Africans Journal of Agricultural 
Research. 2014;9:32.  

(Accessed 1 March 2016) 

Available:https://www.alice.cnptia.embrapa
.br/alice/bitstream/doc/1007957/1/2014Afri
canJournalofAgriculturalResearchv9n32p2
488.pdf 

50. Tizott JM, Cazali I, Krüger CAM, Silva 
JAG, Dalmago GA. Canola grain fill              
rate as a function of sowing time. 
(Completion of course work). Rio Grande 
do Sul: Northwestern Regional University 
of the State of Rio Grande do Sul. 
2014;32. 

_________________________________________________________________________________ 
© 2019 Daronch et al.; This is an Open Access article distributed under the terms of the Creative Commons Attribution License 
(http://creativecommons.org/licenses/by/4.0), which permits unrestricted use, distribution, and reproduction in any medium, 
provided the original work is properly cited. 

 
 

Peer-review history: 
The peer review history for this paper can be accessed here: 

http://www.sdiarticle4.com/review-history/53587 


