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Abstract 
 
The adjustment of buckwheat density and sowing time in an organic growing system guarantees satisfactory productivity with 
better environmental quality. The objective of the study is to adjust the sowing density and the best growing season of buckwheat, 
comparing the organic and conventional growing system. In the study, two experiments were conducted in 2017 and 2018. 
Experiment one, in a randomized block design with eight replications in a 4 x 2 factorial, for sowing density (40, 80, 120 an d 160 kg 
ha-1) and growing location (Augusto Pestana and Três de Maio, RS, Brazil), respectively. Experiment two, in a randomized block 
design in a 2 x 2 factorial with eight replications, for sowing time (September and December) and growing system (conventional 
and organic), respectively, carried out in Augusto Pestana, RS. Grain yield and other characters of agronomic interest of the species 
were evaluated, with means analysis and regression adjustment. The sowing density around 110 kg ha-1 brings benefits in the 
buckwheat growing in reaching maximum grain yield in conventional and organic systems. Sowing in September and December is 
possible regardless of the production system. However, grain yield is maximized under the milder temperature conditions of 
September. The grain yield in an organic system, although statistically inferior to the conventional one, proves to be advantageous 
due to the reduced variation in yield due to add value of the product without the use of pesticides and fertilizers. 
 
Keywords: Fagopyrum esculentum L; food safety; production systems; satisfactory productivity; sustainability. 
Abbreviations: FY_favorable year; GY_grain yield; UY_ unfavorable year; DEF_days from emergence to flowering; DFM_ days from 
flowering to maturity; DEM_days from emergence to maturity;  PH_plant height; TGM_thousand grain mass; HM_hectoliter mass. 
 
Introduction 
 
Nowadays, great interest has been given to foods with high 
nutritional value and present bioactive ingredients without 
the presence of gluten, facilitating healthy weight loss for all 
types of consumers (Rosell, 2013; Pintado et al., 2016). In 
this perspective, buckwheat presents itself as an alternative, 
constituting flours with high nutritional and nutraceutical 
quality without the presence of gluten (Gonçalves et al., 
2016; Nunes et al., 2019). Allied to this, the use of high 
biological quality species, qualifying more sustainable 
production systems, is essential for reducing environmental 
impacts on water, air, soil and food (Carvalho and 
Szlafsztein, 2019; Link et al., 2019). 
For acceptable yields with adequate soil biomass coverage, 
sowing density adjustment should be considered, especially 
in buckwheat, where the recommendation shows a strong 
variation of 50 to 100 kg of seeds per hectare (Juszczak et 

al., 2011; Gavrić et al., 2017). Densities that promote rapid 
soil coverage and protection through canopy adjustment 
favor better use of water, light and nutrients together with 
more effective control over the evolution of species 
considered invasive, reducing or eliminating the use of 
agrochemicals (Fleck et al., 2009; Lamego et al., 2013). 
Appropriate sowing times must also be observed, providing 
adequate ecological conditions in defining a zoning for the 
species, facilitating the development and expression of yield 
components (Kalinova et al., 2005; Jung et al., 2015). In the 
literature, although buckwheat shows a wide variety of 
climate and soil with a fast growing cycle (Arduini et al., 
2016; Siracusa et al., 2017), it needs more concentrated 
research considering the edaphoclimatic conditions of 
southern Brazil. In this perspective, a zoning should be 
considered seeking to aggregate satisfactory yields with a 



942 
 

reduction or absence of fertilizers and herbicides (Sobhani et 
al., 2012; Joshi et al., 2019). 
Studies have shown the possibility of producing high quality 
flours with a reduction or total absence of pesticides and 
fertilizers, in the promotion of an increasingly organic 
agriculture (Lopez et al., 2017; Estrada et al., 2019), which 
can be obtained with satisfactory yields and added value of 
the product for commercialization (Campbell, 1997; Siracusa 
et al., 2017). The difference and particularities between 
organic and conventional systems is well recognized around 
the world and has become one of the main focuses of 
international debates in the field (Ferreira and Coelho, 2017; 
Tricase et al., 2018). In this context, there is a growing 
search for foods with higher nutritional quality and 
managements that ensure yield with food and 
environmental security (Teixeira et al., 2012; Pereira et al., 
2017). 
Buckwheat has been standing out as a species adjusted to 
organic cultivation, ensuring yields under more restrictive 
growing conditions (Zhu, 2016; Ge and Wang, 2020). Thus, 
research aimed at the development of managements linked 
to the adjustment of sowing density and growing season, 
comparing the conventional and organic production system, 
can make the growing of buckwheat viable in a more 
sustainable production condition. It is understood that this 
perspective is in tune with the UN's global goals for 
sustainable development, with emphasis on the eradication 
of hunger and sustainable production and consumption. 
Given the importance of research on alternative production 
systems and the scarcity of information on adequate sowing 
density and the best growing season for buckwheat in 
different production systems, the following hypotheses were 
developed: i) higher sowing densities maximize the 
buckwheat yield in conventional and organic growing 
systems; ii) the best sowing time for the cultivation of 
buckwheat coincides with periods of milder temperatures; 
and iii) There are economic and environmental advantages 
of the organic farming system over traditional farming. In 
order to meet these hypotheses, the objective of the study is 
to adjust the sowing density and the best growing season of 
buckwheat comparing the organic and conventional growing 
system. 
 
Results and Discussion 
 
Means and regression analysis 
The analysis of variance (not shown) was performed 
considering the individuality of the place and year of 
cultivation, starting to simplify the results, regardless of the 
absence and presence of interaction. In table 1 of means, it 
was observed that the increase in sowing density promoted 
an increase in grain yield up to a limit, regardless of year and 
location conditions. In Augusto Pestana, in 2017, the point of 
highest yield was with the use of 120 kg ha-1 of seeds. In 
2018, the points of 80 and 120 kg ha-1 of seeds showed the 
highest yields, not differing from each other. In Três de 
Maio, regardless of the crop season, the 120 kg ha-1 seed 
point showed the highest yields. The results obtained show 
that densities higher than the recommendation bring 
significant increases in buckwheat yield, indicating the need 
to change the recommendation in these study sites. Also in 
table 1, it is highlighted that the thousand grain mass and 
the hectoliter mass show changes in promoting the specific 
mass by increasing the density of cultivation. Regardless of 
year and location, the increase in sowing density promotes a 

significant increase in stature and reduction in the cycle, 
mainly due to changes that occur on the days from 
emergence to flowering, as the time from flowering to 
maturation has not changed. 
Tables 2 and 3 show the values of maximum technical 
efficiency of grain yield as a function of sowing density, with 
simulation on the other agronomic characters from the 
optimum dose obtained. Therefore, the ideal density value 
was included in the parameter (x) of each equation that 
represents the behavior of each variable for expression 
predictability. Thus, in Augusto Pestana in 2017 (Table 2), 
the ideal sowing density for grain yield was obtained with 
115 kg ha-1 of seeds. The linear decreasing behavior 
observed for the variables days from emergence to 
flowering and days from emergence to maturity indicated 
values of 33 and 91 days, respectively, using the optimal 
density. The increasing linear function for plant height shows 
a tendency to reach 107 cm with the adjusted density. 
In 2018, the adjusted density was obtained with 103 kg ha-1 
of seeds. In this condition, there is a certain stability of the 
thousand grain mass and hectoliter mass in the simulation 
with the optimal density, however, in the other variables of 
cycle and height, there is a significant increase in time in the 
expression of phenological stages, as well as greater height 
plant, confirming the information that contribute to a more 
favorable crop season for cultivation. 
In table 3, in Três de Maio in 2017, the density adjusted to 
maximum grain yield was around 122 kg ha-1 of seeds. This 
year, the days from emergence to flowering, from 
emergence to maturity also confirmed decreasing linear 
behavior as a function of sowing densities, with simulations 
of the optimum point that register 34 and 90 days, 
respectively. In terms of the significant linear function 
obtained for plant height, the predictability of reaching 101 
cm is evident. In 2018, as occurred in Augusto Pestana, the 
adjusted sowing density was lower, with 107 kg ha-1 of seeds 
at the maximum expression of grain yield. All other variables 
analyzed showed a linear increasing behavior for the 
thousand grain mass, hectoliter mass and plant height and 
with a linear function of reduction of those that define the 
development cycle. Gavric et al. (2018) when evaluating the 
grain yield of buckwheat at sowing densities of 50, 80 and 
100 kg ha-1, obtained the highest grain yields at the highest 
density, with 810, 1,060 and 1430 kg ha-1, respectively, a 
similar behavior to that observed in this research. In general, 
information from brochures and technical bulletins has been 
recommending cultivation with a sowing density of 40 to 80 
kg ha-1. In the literature, there are few studies that 
specifically analyze the grain yield of buckwheat as a 
function of sowing density. Studies conducted by Popovic et 
al. (2013), Inamullah et al. (2012) and Domingos and 
Bilsborrow (2021) using densities of 60 kg ha-1, 70 kg ha-1 
and 90 kg ha-1, obtained grain yields of 1300, 1320, and 1600 
kg ha-1, respectively, results much lower than those obtained 
in this study for 2018. 
 
Classification of agricultural year 
In general, during the September 2017 growing cycle, an 
average air temperature of 21 °C was observed, ranging 
from 6 to 35 °C, and rainfall of 160mm. In December, the 
average temperature was 26 °C, ranging from 13 to 38 °C 
and rainfall with 135mm. In September 2018, the average air 
temperature was 20 °C, ranging from 5 to 34 °C and 130 mm 
of rainfall. In December 2018, an average air temperature of 
23 °C and a range of 8 to 37 °C was recorded, with 92 mm of  
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Table 1. Mean of grain yield and other traits of agronomic interest in buckwheat. 

Densities GY TGM HM DEF DFM DEM PH 

(kg ha-1) (kg ha-1) (g) (kg hl-1) (days) (days) (days) (cm) 

Augusto Pestana, RS 

2017 

40   675 c 26.5 a 68 a 37 a 59 a 96 a 93 c 

80 1046 b 26.7 a 67 a 36 a 58 a 93 b 104 b 

120 1149 a 27.0 a 67 a 32 b 58 a 90 c 104 b 

160   987 b 26.7 a 67 a 30 b 58 a 88 d 117 a 

2018 

40 1193 c 25.8 b 63 b 43 a 53 c 96 a 112 b 

80 2172 a 27.6 a 64 b 41 b 54 a 96 a 126 a 

120 2006 a 29.4 a 67 a 39 c 53 b 92 b 131 a 

160 1495 b 29.5 a 68 a 37 d 51 d 89 c 138 a 

Três de Maio, RS 

2017 

40 700 c 26.7 a 66 a 38 a 57 a 95 a 84 c 

80 937 b 26.5 a 65 a 37 a 56 a 93 b 95 b 

120 1224 a 26.5 a 66 a 34 b 56 a 90 c 104 a 

160 1013 b 26.2 a 66 a 32 c 55 a 88 d 106 a 

2018 

40 1504 d 25.6 b 63 c 42 a 54 a 97 a 111 b 

80 2144 b 26.0 b 64 c 42 a 54 a 96 a 120 b 

120 2432 a 28.2 a 66 b 39 b 53 a 92 b 128 a 

160 1807 d 29.5 a 69 a 36 c 53 a 89 c 132 a 
GY: Grain yield; TGM: Thousando grain mass; HM: Hectoliter mass; DEF: Days from emergence to flowering; DFM: Days from flowering to maturity; DEM: Days from emergence to maturity; PH: 
Plant height. 
 

 
Fig 1. Data of rainfall and daily minimum and maximum temperature during the buckwheat growing cycle, in the years 2017 and 
2018. Data obtained from the meteorological station located at the Regional Institute for Rural Development/IRDeR/UNIJUÍ, 2020. 
UY= unfavorable year; FY=favorable year; GY=grain yield. 
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Table 2. Regression of buckwheat agronomic indicators as a function of sowing density in Augusto Pestana, RS. 

Variable Model Regression R2 bi(x) MTE 
(kg ha-1) 

yEstimated 

y= a±bx±cx2 

2017 

GY L 704 + 2.601x 14 * (115) 1151 

(kg ha-1) Q 37 + 19.270x – 0.08335x² 99 * 

TGM L 26 + 0.002x 10 ns  26 

(g) Q 26 + 0.018x – 0.00007x² 70 ns  

HM L 67 – 0.001x 48 ns  67 

(kg hl-1) Q 67 – 0.024x + 0.00011x² 55 ns  

DEF L 40 – 0.061x 96 *  33 

(days) Q 40 – 0.045x – 0.00007x² 94 ns 

DFM L 59 – 0.009x 40 ns  59 

(days) Q 59 – 0.048x + 0.00019x² 79 ns 

DEM L 99 – 0.070x 98 *  91 

(days) Q 99 – 0.094x + 0.00011x² 98 ns  

PH L 86 + 0.178x 85 *  107 

(cm) Q 86 + 0.100x + 0.00039x² 72 ns  

2018 

GY L 1531 + 1.850x 43 ns (103) 2182 

(kg ha-1) Q -331 + 48.40x – 0.23301x² 84 * 

TGM L 24 + 0.032x 86 *  24 

(g) Q 24 + 0.083x – 0.00025x² 94 ns  

MH L 61 + 0.046x 95 *  61 

(kg hl-1) Q 61 + 0.062x – 0.00007x² 92 ns  

DEF L 75 – 0.052x 99 *  75 

(days) Q 75 – 0.068x + 0.00007x² 99 ns  

DFM L 54 – 0.012x 39 ns  54 

(days) Q 54 + 0.096x – 0.00054x² 79 *  

DEM L 100 – 0.063x 86 *  100 

(days) Q 100 + 0.038x – 0.00050x² 95 ns  

PH L 106 + 0.211x 91 *  106 

(cm) Q 106 + 0.445x – 0.00117x² 94 ns  
L: Linear; Q: Quadratic; R2: Coefficient of determination; P bi(x) – Probability of the slope parameter; * - Significance of the slope parameter at 5% probability of error by the t test; ns - Not significant 
at 5% probability of error; MTE: Maximum technical efficiency; GY: Grain yield; TGM: Thousand grain mass; HM: Hectoliter mass; DEF: Days from emergence to flowering; DFM: Days from flowering 
to maturity; DEM: Days from emergence to maturity; PH: Plant height 

 
Table 3. Regression of buckwheat agronomic indicators as a function of sowing density in Três de Maio, RS. 

Variable Model Regression R2 bi(x) MTE 
(kg ha-1) 

yEstimated 

y= a±bx±cx2 

2017 

GY L 661 + 3.069x 30 * (122) 1141 

(kg ha-1) Q 101 + 17.07x – 0.07003x² 67 * 

TGM L 26 – 0.003x 85 ns  26 

(g) Q 26 – 0.003x – 0.00001x² 70 ns  

HM L 66 – 0.001x 49 ns  66 

(kg hl-1) Q 66 – 0.055x + 0.00027x² 62 ns  

DEF L 40 – 0.049x 92 *  34 

(days) Q 40 – 0.025x – 0.00011x² 86 ns  

DFM L 57 – 0.015x 70 ns  57 

(days) Q 57 – 0.046x + 0.00015x² 73 ns  

DEM L 98 – 0.064x 98 *  90 

(days) Q 98 – 0.072x + 0.00039x² 97 ns  

PH L 78 + 0.188x 89 *  101 

(cm) Q 67 + 0.471x – 0.00140x² 97 ns  

2018 

GY L 1673 + 2.990x 27 ns (107) 2389 

(kg ha-1) Q 91 + 42.53x – 0.19773x² 90 * 

TGM L 23 + 0.034x 92 *  27 

(g) Q 25 + 0.005x + 0.00014x² 90 ns  

HM L 61 + 0.048x 92 *  66 
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(kg hl-1) Q 63 – 0.0137x + 0.00031x² 99 ns  

DEF L 45 – 0.055x 82 *  39 

(days) Q 41 + 0.054x – 0.00054x² 99 ns  

DFM L 55 – 0.015x 70 *  53 

(days) Q 55 – 0.015x + 0.00001x² 40 ns  

DEM L 100 – 0.071x 86 *  92 

(days) Q 96 + 0.039x – 0.00054x² 94 ns  

PH L 104 + 0.184x 96 *  124 

(cm) Q 98 + 0.332x – 0.00074x² 99 ns  
L: Linear; Q: Quadratic; R2: Coefficient of determination; P bi(x) – Probability of the slope parameter; * - Significance of the slope parameter at 5% probability of error by the t test; ns - Not significant 
at 5% probability of error; MTE: Maximum technical efficiency; GY: Grain yield; TGM: Thousand grain mass; HM: Hectoliter mass; DEF: Days from emergence to flowering; DFM: Days from flowering 
to maturity; DEM: Days from emergence to maturity; PH: Plant height 

 
           Table 4. Sowing times of buckwheat under conventional and organic systems. 

Season GY TGM MH DEF DFM DEM PH 

(kg ha-1) (g) (kg hl-1) (days) (days) (days) (cm) 

  Conventional system 

  2017 (UY) 

September 1320 a 27 a 66 a 34 a 56 a 90 a 120 a 

December 1048 b 27 a 66 a 37 a 56 a 93 a 105 b 

  2018 (FY) 

September 2432 a 28 a 67 a 40 a 53 a 93 a 135 a 

December 2144 b  26 a 65 a 42 a 55 a 97 a 120 b 

Mean 1736 A 27 A 66 A 38 A 55 A 94 A 120 A 

  Organic system 

  2017 (UY) 

September 992 a 26 a 68 a  35 a 55 a 90 a 112 a 

December 697 b 26 a 68 a 34 a 59 a 93 a   94 b 

  2018 (FY) 

September 2230 a 29 a 68 a 38 a 52 a 90 a 125 a 

December 1939 b 26 a 65 a 40 a 53 a 93 a 112 b 

Mean 1464 B 27 A 67 A 37 A 55 A 92 A 111 A 
GY: Grain yield; TGM: Thousand grain mass; HM: Hectoliter mass; DEF: Days from emergence to flowering; DFM: Days from flowering to maturity; DEM: Days from emergence to maturity; PH: Plant 
height; UY=unfavorable year; FY=favorable year. Means followed by the same lowercase letters constitute a statistically homogeneous group by the Scott & Knott test at 5% probability of error. 
Means followed by the same capital letters constitute a statistically homogeneous group by the Scott & Knott test at 5% probability  of error. 

 
rainfall. In Figure 1, when analyzing rainfall between 
seasons, more significant volumes of rainfall were observed 
in 2017, with concentration in certain periods of the cycle. 
On the other hand, although rainfall accumulated in 2018 
was lower, it showed a more regular distribution throughout 
the cycle, a condition that resulted in an increase of 1000 kg 
ha-1 in grain yield. Regardless of the crop season, the lowest 
temperature values were verified in the month of 
September, generating an increase of 300 kg ha-1 in the 
crop's grain yield. The reflection of weather conditions on 
grain yield characterizes 2017 as an unfavorable year for 
growing and 2018 as favorable, with greater interference in 
yield due to the distribution and volume of rainfall in 
relation to air temperature. 
The results obtained in this study show that although 
buckwheat is a species with a reduced cycle (around 90 
days), it shows resilience to the condition of less rainfall, 
possibly linked to the species' indeterminate growth habit, 
which contributes to its production ability and range of 
expression of reproductive structures. Arenhardt et al. 
(2015), highlight that long period of rain during the cycle 
reduce the efficiency of light and nutrient use for 
photosynthesis, interfering with the development, yield and 
quality of grains during harvest (Castro et al., 2012). Air 
temperature is also decisive for the development of yield, 
acting as a catalyst for biological processes, which is why 
plants require a minimum and maximum temperature for 
normal physiological activities (Guarienti et al., 2004). In  
 

 
general, milder temperatures and adequate availability of 
solar radiation associated with the distribution of rainfall to 
supply plants with water stored in the soil favor the 
expression of production components. It is noteworthy that 
rains in large quantities and intensity affect production, 
whether by leaching of nutrients, erosion, lodging and less 
efficient use of light to photosynthesis (Marolli et al., 2017). 
In Table 4 of the sowing time in the growing systems, the 
conventional system in September provides the highest 
yields and plant height, regardless of the year. When 
observing the favorable and unfavorable conditions for 
growing, it is clear that 2018 presents the highest averages 
in most of the analyzed variables, depending on the 
meteorological benefits offered. The growing of buckwheat 
in an organic system (Table 4) also shows higher average 
grain yield and plant height at sowing in September. 
Although no statistical differences were observed between 
the thousand grain mass and the hectoliter mass, in 2018 
(favorable to growing), they had higher averages when 
sowing was carried out in September. 
Optimizing planting density is an important step to improve 
grain production. In studies carried out in this same 
perspective, they show that the variation in yield by plant 
population is associated with the potential of the genotype 
to produce biomass per area, since sowing density directly 
influences the number of inflorescences produced per area 
(Castro et al., 2012). Allied to this, rapid ground cover by 
canopy adjustment can favor better use of light and 
nutrients, providing more effective control over the 
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evolution of species considered invasive (Lamego et al., 
2013; Kumari and Chaudhary, 2020). The strong variation in 
yield is also associated with the great variability of growing 
conditions, with the season being the biggest contributing 
factor (Storck et al., 2014; Arenhardt et al., 2015). Therefore, 
years of favorable and unfavorable climate change the 
efficiency of use of natural resources and management 
technologies on plant yield (Mantai et al., 2015; Arenhardt 
et al., 2015). 
This study brings a great contribution to advances in the 
production systems of this species, since, in several analyzed 
studies, an exact recommendation for sowing was not 
found. Experiments carried out in Brazil such as the one by 
Klein et al. (2010), with populations above 1,000,000 plants, 
obtained good results for biomass production. On the other 
hand, in the Rio Preto region of Brasília, growers do not go 
far beyond 500,000 plants due to the difficulty of 
mechanized harvesting caused by high rates of falling over. 
Rereading the experiment data, it can be seen that in 
populations above 800,000 plants the diameter becomes 
noticeably smaller. Saracen is naturally a plant subject to 
lodging, so even if high densities do not harm biomass 
production, this situation can hinder the use of mechanical 
harvesting or a high waste in case of harvesting plants for 
silage or direct grazing of animals (Furlan et al., 2006). It is 
worth adding that as a plant of indeterminate growth, 
buckwheat plants have a succulent stem until just before 
maturation, making them susceptible to lodging. 
Furthermore, the changes that occur in the growth and 
development of plants are the result of variations in 
environmental conditions, such as water, temperature, 
intensity and light source (Nam et al., 2018). Fang et al. 
(2018) evaluating different sowing densities in buckwheat 
with 60, 90 and 120 plants m2, showed that higher densities 
were more efficient in maximizing crop yield. 
In addition to adjusting sowing density, the application of 
fertilizers to obtain an optimal yield is essential (Salehi et al., 
2017). However, the use of mineral fertilizers can harm the 
environment and soil health, causing soil acidification, 
depletion of organic matter, severe groundwater pollution, 
eutrophication of surface water, and can also threaten 
human health (Salehi et al., 2017). Therefore, the use of 
organic farming systems can be an option for the production 
of foods with high nutritional quality without causing harm 
to the environment. In addition, due to the numerous 
benefits, the use of organic fertilizers is essential to improve 
soil quality and consequently crop yield (Bajeli et al., 2016). 
Soil nutrient management is an important practice to 
achieve high yields (Rostaei et al. 2015). In addition, organic 
fertilizer applications can be a valuable resource for 
replenishing the organic matter content in most soils (Reddy 
et al., 2000; Salehi et al., 2018). Food and nutrition security 
are some of the main global concerns, therefore, it is 
necessary to shift attention from staple crops to non-basic 
crops on a global scale to meet the growing demand for food 
(Kumari and Chaudhary, 2020). 
 
Materials and Methods 
 
Study area and experimental design 
In the study, two experiments in the south of Brazil were 
conducted with buckwheat in 2017 and 2018. The soil of the 
experimental areas is classified as Typical Dystroferric Red 
Latosol (Oxisol) and the climate of the region, according to 
the Köppen classification, of the Cfa type, with hot summer 

without dry season (Alvares et al., 2013). Ten days before 
sowing, soil analysis was performed at the different study 
sites and chemical characteristics were identified in Augusto 
Pestana (pH = 6,5; P = 34,4 mg dm-3; K = 262 mg dm-3; OM = 
3,5%; Al = 0 cmolc dm-3; Ca = 6,6 cmolc dm-3 and Mg = 3,4 
cmolc dm-3) and Três de Maio (pH = 6,2; P = 33,9 mg dm-3; K 
=200 mg dm-3 OM = 3,4%; Al= 0 cmolc dm-3; Ca = 6,5 cmolc 
dm-3 and Mg = 2,5 cmolc dm-3). 
Experiment one was carried out in a randomized block 
design with eight replications in a 4 x 2 factorial, for sowing 
density (40, 80, 120 and 160 kg ha-1) and growing location 
Augusto Pestana, RS (28° 26 '30'' S latitude and 54° 00' 58'' 
W longitude) and Três de Maio, RS (27° 45' 9” S latitude and 
54°14'37'' W longitude), respectively. Prior to sowing, the 
seeds were sent to the laboratory for analysis of germination 
and vigor for density correction, seeking to reach 100% 
germination. Before sowing, in both places, weed control 
was carried out with application of metsulfuron-methyl 
herbicide at a dose of 4 g ha-1, for drying the biomass and 
direct seeding on straw, without soil disturbance. In 
different years and places, sowing was carried out in the first 
half of December with a seeder-fertilizer to compose the 
plot consisting of 5 lines of 5 m in length and spacing 
between lines of 0.20 m, forming the experimental unit of 5 
m2. At sowing, 5 kg ha-1 of N and 45 and 30 kg ha-1 of P2O5 
and K2O, respectively, were applied in the NPK 5-20-20 
fertilizer formulation. During the execution of the study, 
fungicide and insecticide applications were not carried out 
due to the absence of symptoms of attack by diseases and 
insects during cultivation. 
Experiment two was carried out in a randomized block 
design with eight replications in a 2 x 2 factorial, for sowing 
time (September and December) and growing system 
(conventional and organic), respectively, carried out in 
Augusto Pestana, RS. The geographic location and chemical 
characteristics of the soil in the experimental area have been 
described previously. Before sowing, the seeds were sent to 
the laboratory for analysis of germination and vigor for 
correction in 100% germination of the sowing density in 100 
kg ha-1. In both growing systems, sowing was carried out 
with a seeder-fertilizer for the composition of the plot 
consisting of 5 rows of 15 m in length and spacing between 
rows of 0.20 m, forming the experimental unit of 15 m².  
In the conventional cropping system, sowing is carried out 
directly on straw without soil disturbance and involves the 
use of herbicides and fertilizers. Therefore, weed control 
was carried out with metsulfuron-methyl herbicide at a dose 
of 4 g ha-1. At sowing, 5 kg ha-1 of N and 45 and 30 kg ha-1 of 
P2O5 and K2O, respectively, were applied in the NPK 5-20-20 
fertilizer formulation. In addition, in topdressing, 35 kg ha-1 
of nitrogen was applied with the urea source applied around 
25 to 30 days after plant emergence. In the organic growing 
system, prior to sowing, the control of weeds was carried 
out by turning over the soil with the use of harrowing and no 
fungicide, insecticide, herbicide and fertilizers during the 
cultivation cycle. 
 
Variables analyzed 
In the different experiments, in the experimental field, days 
from emergence to flowering (DEF, days), days from 
flowering to maturity (DFM, days), days from emergence to 
maturity (DEM, days), and plant height (PH, cm) were 
measured. Grain yield was obtained by cutting three central 
lines of each plot at the stage of harvest maturity, with grain 
moisture around 22%. The plants were threshed with a 



947 
 

stationary harvester and sent to the laboratory for 
correction of grain moisture to 13% and weighing to 
estimate grain yield (GY, kg ha-1). The thousand grain mass 
(TGM, g) was determined by counting 250 grains and 
weighing in a precision scale, later multiplied by four. The 
hectoliter mass (HM, kg hl-1) was obtained by the grain mass 
from a cube of known volume of 250 cm³, and converted to 
kg hl-1. 
 
Means and regression statistical analysis 
When meeting the assumptions of homogeneity and 
normality via Bartlet and Liliefors tests (p<0.05), an analysis 
of variance was performed to detect the main and 
interaction effects. After that, in experiment 1, analysis of 
variance, means and the adjustment of regression were 
carried out to estimate the optimal density with expression 
of grain yield. Under conditions where there was significant 
quadratic behavior (𝐺𝑌 = 𝑏0 ± 𝑏1𝑥 ± 𝑏2𝑥

2) the optimal 
seeding density (OD) was obtained by the equation 

(𝑂𝐷 = −
𝑏1

2𝑏2
) with estimation of grain yield. Equations that 

describe the behavior of the other agronomic indicators and 
respective simulation were obtained, considering the 
optimum density obtained for grain yield. In experiment 2, 
as it represents a factorial with treatments with a qualitative 
effect, multiple comparisons of means were performed 
using the Scott Knott test (p <0.05) to analyze sowing times 
and growing systems in different crop seasons. For all these 
analyses, the Genes computer program was used (Cruz, 
2006). 
 
Conclusion 
 
The sowing density around 110 kg ha-1 brings benefits in the 
growing of buckwheat in reaching maximum grain yield in 
conventional and organic systems. Sowing in September and 
December is possible regardless of the growing system, 
however, grain yield is maximized under the milder 
temperature conditions of September. The grain yield in an 
organic system, although statistically inferior to the 
conventional one, proves to be advantageous due to the 
reduced variation in yield allied to the added value of the 
product without the use of pesticides and fertilizers. 
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