
 

Summary: As organic agriculture represents one of the most sustainable ways of agricultural land use, the key purpose 
of this research was to improve confectionary sunflower production in organic agriculture. The trial compared seed 
yield per plant of conventional confectionary sunflower hybrids in organic vs conventional production. Subsequently, 
1000 seed weight, seed yield per plant and kernel ratio of confectionary hybrids treated with the following fertilizers 
used in organic production: fertilizer of animal origin (G), fertilizer based on amino acids and nitrogen (T) and 
microbiological fertilizer (N) were compared with untreated control (C). Fertilizers enhanced yield of sunflower 
compared to untreated control; the highest yield was recorded in combined of G+N and G+T, all in organic 
agriculture system. NS Gricko had the lowest seed yield per plant compared to the other hybrids that significantly 
increased when treated with G+N fertilizers; same results were obtained in treatments of NS Slatki, and NS Leviathan. 
Preliminary results of the study indicated that application of organic fertilizers can have a positive effect on yield of 
sunflower in organic production conditions, which indicates that further research is necessary. 
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 Organic agriculture is a steadily growing sector on 

a global scale. It lowers the environmental costs of 
agriculture and delivers numerous other public benefits, 
especially in the spheres of management of natural 
resources and viability of rural areas (Niggli et al., 2008). 
The reports covering global research recognize organic 
agriculture as a farming system that balances sustainability 
goals and tends to have great importance in global food 
and ecosystem security (National Research Council, 
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2010; Nam, 2015). Areas under the organic production 
and market size of organic food are constantly 
increasing (Reganold and Wachter, 2015). Currently, 
1.2% of the world's agricultural land is organic. 
According to Willer and Lernoud (2018) there are more 
than 58 million hectares of organic agriculture land 
including in conversion areas, and Europe is the second 
world’s region covering 23% with such production. 
Overall area under organic production in Europe grew 
by 21% between 2010 and 2015 to 6.2% of total used 
agricultural area (Eurostat, 2016) and further growth is 
expected. Growing share of areas under organic 
agricultural system indicate that the consumers show a 
developing interest in food production that favor nature 
conservation and human health. Still, all these strengths 
may not be enough because research shows that yields in 
organic agriculture are lower compared to conventional 
agriculture. 

Increasing demand for healthy food in Republic of 
Serbia (RS) has led to the conversion of conventional 
farms to organic, which significantly contributed to 
increasing the overall sustainability of agricultural 
production (Lazić and Šeremešić, 2010). Between 2010 
and 2015, areas under organic production in RS increased 



 

from 5.855 ha to 15.298 ha (Simić, 2017). The 
organization of overall agricultural production in RS is 
influenced by economical and agro-ecological conditions 
and characteristics of rural areas. Field crops including 
pastures and meadows have the largest contribution in 
organic production in RS (68.7%), while cereals occupy 
31.7%, followed by fruit production (Golijan et al., 2017; 
Simić, 2017). As the production of confectionary 
sunflower does not closely relate to organic production, 
the research of this crop in organic agriculture systems 
has the importance. 

Considerable part of the world’s annual production 
of sunflower seed is used for confectionary and snack 
food, bird and pet food, so the market demands for it are 
in constant increase (Hladni, 2016). Even though 
sunflower hybrids are mainly grown for vegetable oil, 
confectionary sunflower is the preferred type in Turkey, 
US, Canada, China, Pakistan, Iran, etc. (Pekcan et al., 
2015). However, confectionary type of sunflower is 
scarcely present in the EU countries (Nabloussi et al., 
2011), which offers great opportunity for the producers to 
convert areas under the conventional sunflower into the 
organic, and in this way raise the value of this product. 

Confectionary hybrids should have high genetic 
potential for seed yield >5 t/ha, high self-fertility rate, 
resistance to diseases and broomrape, and good 
nutritional values (Jocić et al., 2015; Hladni, 2016). In 
addition, they should be adaptable to environmental 
conditions and suitable for growing in different 
agroecological conditions which are characteristic of 
organic agriculture. Uniform and timely field 
germination and emergence are therefore very 
important for a good crop stand of sunflower, while 
fertile soil, obtained by using organic fertilizers, is vital 
to achieving good plant health and seed quality 
(Jalaluddin, 2011).  

Yield stability across years is also very important 
and can be a solution to overcoming yield gap between 
organic and conventional agriculture. Research on 
sunflower yield in organic production systems is poor, 
but analysis of yield stability reported by Knapp and van 
der Heijden (2018) shows that fertilization can help 
reduce the overall yield stability gap between 
conventional and organic agriculture, confirming that 
production under the conditions of organic agriculture 
needs to develop applicable and suitable nutrient 
management, able to address all the plant growth 
requirements. Shahzaman (2017) indicated that 
utilization of organic fertilizers can produce better 
growth of sunflower crops and improve overall 
production, if applied timely.  

The aim of the study was to compare sunflower 
yields under the conditions of organic and conventional 
agriculture and to determine the effects of different 
organic fertilizers on seed yield and yield components of 
conventional confectionary sunflower hybrids under the 
conditions of organic agriculture. The objective of three 
different fertilization treatments (Guanito (G), 

Guanito+Naturplasma (G+N), Guanito+Trainer (G+T)) 
was to compare them with untreated control, all under 
the conditions of organic agriculture, and to recommend 
the cultivars with promising prospects for this sector.  
 

 
For the purpose of comparing sunflower yields 

under the conditions of organic and conventional 
agriculture, five NS confectionary sunflower hybrids 
developed at the Institute of Field and Vegetable Crops 
Novi Sad (NS Leviathan, NS Slatki, NS Gricko, NS 
Argonaut, and NS Vitez) were sown on a 
conventionally and also on organically managed plots.  

On the conventional plot soybean was the 
preceding crop, and the plot was deeply plowed after 
harvest and fertilized with mixed NPK fertilizer 
(50:50:50) in accordance with soil analysis. The assay 
was set in the same way as on organic plot without 
treatment with organic fertilizers. The basic 
agrochemical analyses of the soil were made at the same 
time and method as on organic plot. The soil was loamy 
clay, soil pH (KCl) was 6.17, AL-P2O5 was 6.2 mg 100 g-1 
and AL-K2O was 20.9 mg 100 g-1. Total N was 0.143% 
and organic matter content 1.66 %, all less than at the 
organic plot. 

Apart from comparisons with conventional 
production, the goal of sowing on an organic parcel was 
to study seed yield per plant, kernel ratio and 1000 seed 
weight of conventional confectionary sunflower hybrids 
treated with the following commercially available 
fertilizers:  
1. Organic fertilizer of animal origin containing 6% 

organic N, 15% P2O5, 3% K2O, 27.5% organic C, 
4.6 C/N ratio, and 3.5% of humic acid - Guanito 
(G), 

2. Amino acid (31.3%) and Nitrogen (5% of total N 
(organic)) liquid fertilizer for foliar application, 
energetically active, that helps plant overcome 
climatic stress situations as common conditions of 
organic production - Trainer (T), 

3. Microbiological  fertilizer  consisting  of 
green microalgae Chlorella vulgaris. The solution, as 
determined by the algae, contains macro, mezo, 
microelements, vitamins, as well as essential and 
non-essential amino acids – Natur Plasma (N). 
All the applied fertilizers are listed in the list of 

registered  products  for  plant  nutrition  in  organic 
agriculture, issued by Plant Protection Directorate of 
the  Ministry  of  Agriculture,  Forestry  and  Water 
Management.  

The experiment was set up in 2016 at the Center 
for Development of Organic Production in Selenĉa 
(RS) as a random block system with 3 repetitions where 
basic plot size was 6 × 22.4 m or 134.4 m2. The 
preceding  crop  was  maize  certified  for  organic 
production. Seedbed preparation consisted of plowing 
at 30 cm and light field cultivation. Treatment with the 



 

fertilizer Guanito, 0.5 t ha-1, was performed at the stage 
BBCH 01 (Meier, 2001), while treatments with Natur 
Plasma, 5 l ha-1, and Trainer, 3 l ha-1, were carried out at 
the stage BBCH 36. Sample plants for analysis were 
taken from the central rows (excluding the outermost 
plants).  Seed  yield  per  plant  was  determined  by 
measuring total seed quantity in each individual open 
pollinated plant using a laboratory scale. Examination 
of 1000 seed weight as repeated 3 times, and each time 
2 times 200 seeds were used. The obtained value was 
applied to 1000 seed weight and was specified in grams. 
Sample size was 20 plants per replication. The analyses 
were carried out at the level of the plant.  

The basic agrochemical analyses of the soil were 
carried  out  during  September  (before  harvest),  and 
samples were collected from the topsoil (0-30 cm); 2-3 
composite soil samples were taken from every plot 
under the different treatment, each consisting of 10 
individual  samples.  According  to  the  FAO 
classification, the soil belongs to chernozem soil type 
and  it  is  loamy  clay  concerning  its  texture  class 
(according  to  Tommerup).  Analyses  showed  no 
difference in soil pH values between treatments. All 
treatments had sufficient available AL-P2O5 and AL-
K2O. Total N and organic matter content showed slight 
differences in treatments. Overall higher parameters of 
soil fertility were found in general.  

Data  were  analyzed  using  two-way  ANOVA 
(analysis  of  variance)  to  differentiate  sunflower 
characteristics in relation to the hybrid, treatment and 
their interaction. Data were processed in the statistical 
software SPSS (IBM, 2016). For correlations to be 
identified between the measured traits, data sets were 
processed using Principal Component Analysis (PCA) 
(Pearson, 1901). The PCA tries to summarize the data 
of traits in fewer variables (the PC-axis or factors). The 
first PC-factor (PC 1) is a linear combination of all 
traits in the analysis such, that it covers the largest part 
of the variance in all traits. The remaining variation 

which is independent of the PC 1 variable is then 
explained by the next PC-factor (PC 2) to explain most 
of the remaining variation in a linear combination of 
the trait variable. In this way, a large part of the 
variation can be explained in only two variables. Data 
were processed in PAST software (Hammer et al., 
2001) for scientific data analysis.  

 
Studies of Pitelkow et al. (2015) and Knapp and van 

der  Heijden  (2018)  showed  that  yield  gap  between 
sustainable and conventional agricultural systems may be 
overcome by enhancement of yield stability throughout 
years.  Also,  agricultural  practices such as  fertilization, 
plowing, hoeing, cultivation irrigation, and interaction of 
other measures with selected genotypes can reduce the 
difference in yield gap and promote organic agriculture as 
the  system  that  will  provide  food  with  fewer 
environmental tradeoffs. This research evaluated seed yield 
per plant in organic production relative to conventional 
production.  As  expected,  T-test  indicated  statistical 
significance  in  the  case  of  seed  yield  per  plant.  By 
comparison of the averages, it can be concluded that an 
overall  significantly  higher  seed  yield  per  plant  was 
obtained in conventional production relative to all hybrids 
(Table 1). T-test showed differences in hybrids respectively 
to  organic  and  conventional  production.  Statistically 
significant  differences  in  seed  yield  per  plant  under 
conventional  conditions were  obtained in hybrid  NS 
Gricko and NS Leviathan. Hybrid NS Argonaut had 
bigger seed yield per plant in organic system, but not 
statistically  significant,  and  NS Vitez  had  the  lowest 
reduction rate in organic conditions comparing to other 
hybrids (Table 2).  

Seed yield of sunflower is the product of several 
different yield components. Using the two-way analysis of 
variance, the study aimed to assess the main effect of each 
independent  variable  and  their  interaction in organic 

Type of production Average seed yield per plant t d p 

Organic production 73.67 ±14.14 
 -2.53 48  0.02 

Conventional production 88.76 ±29.34 

Table 1. T-test indicating the 
differences in seed yield per plant 
in organic production relative to 
conventional production  

Average value ± standard deviation; t - difference between two groups;  
df - degrees of freedom; p - calculated probability 

Table 2. T-test indicating the differences in seed yield per plant relative to hybrids in organic and conventional production  

Hybrids Organic production (g) Conventional production (g) t 

NS Gricko 84.00 ±10.11 110.00 ±5.65 -2.65* 

NS Slatki      -1.69 75.33 ±6.11 89.00 ±12.73 

NS Leviathan -3.79* 57.33 ±11.22 97.50 ±0.71 

NS Argonaut       1.94 70.33 ±6.81 58.00 ±7.07 

NS Vitez      -1.64 81.33 ±12.63 89.33 ±0.58 

Average value ± standard deviation; t - difference between hybrids; *p<0.05 



 

production  system.  The  differences  in  sunflower 
characteristics are significantly contributed by the hybrids and 
interactions of hybrids and treatments (organic fertilizers), but 
the treatments between themselves had no significant effect 
(Table 3). Therefore, the assumption is to test the differences 
of NS confectionary hybrids in organic production.  

Significant differences were observed across hybrids 
concerning seed yield per plant, kernel ratio, and 1000 seed 
weight (Table 4). Interaction of treatments and hybrids was 
significant for seed yield per plant (Table 4). Pang and 

Letely (2000) stated that to have plant-available N at the 
time and in the quantity required by specific genotypes 
proved crucial to achieving high yields. Results of other 
research pointed out that the highest-yielding genotypes 
grown in conventional agriculture are not the highest-
yielding genotypes in organic agriculture (Murphy et al., 
2007). All of the above indicates that further research is 
needed concerning the impact of fertilizers on specific 
hybrids, which proved to be the best  under organic 
production conditions.  

Table  5 indicates  that  organic  fertilizers  negatively 
contributed to seed yield per plant in hybrid NS Gricko, i.e. 
this hybrid has the lowest seed yield statistically significant 
compared to the other hybrids. Considering interactions with 
treatments, it can be concluded that higher seed yields per 
plant were observed in the following combinations: G+N × 
NS Gricko, G+N × NS Slatki, G+N × NS Leviathan and 
G+T × NS Argonaut (Table 5). Lower seed yields per plant 
(regarding  other  hybrids)  were  observed  in  following 
combinations: G × NS Argonaut, G × NS Argonaut and 
G+T × NS Gricko (Table 5).  

Table 3. Two-way ANOVA for identifying the differences in 
the sunflower characteristics in organic production  

  Λ F p 

Treatment 0.57 1.23 0.25 

Hybrid 0.00 21.27 0.00 

Interaction T × H 0.03 20.07 0.04 

Λ - Wilks' Lambda; F - variance of the group means; p - calculated 
probability; T - treatment; H – hybrid 

    F df p 

Hybrid Seed yield per plant 4.54 4 0.00 
Kernel ratio 79.54 4 0.00 
1000 seed weight 37.52 4 0.00 

Interaction T × H Seed yield per plant 7.16 12 0.00 
Kernel ratio 0.20 12 0.99 
1000 seed weight 0.77 12 0.68 

Table 4. The differences in sunflower traits across hybrids and interactions of hybrids with treatments  

F - variance of the group means; df - degrees of freedom; p - calculated probability; T - treatment; H - hybrid; 

    b slope t p 

Seed yield 
per plant 

NS Gricko -21.08 -3.63 0.02 
NS Slatki -6.99 -0.87 0.39 
NS Leviathan  0.76  1.67 0.40 
NS Argonaut -1.16 -1.03 0.31 
NS Vitez * * * 

  C × NS Gricko * * * 
  C × NS Slatki * * * 
  C × NS Leviathan * * * 
  C × NS Argonaut * * * 
  C × NS Vitez * * * 

  G × NS Gricko 0.25 0.37 0.68 
  G × NS Slatki 12.94 1.14 0.26 
  G × NS Leviathan -29.37 -4.68 0.01 
  G × NS Argonaut -33.35 -4.17 0.01 
  G × NS Vitez * * * 

  G+N × NS Gricko 25.65 3.26 0.03 
  G+N × NS Slatki 52.52 3.99 0.01 
  G+N × NS Leviathan 39.04 3.71 0.05 
  G+N × NS Argonaut 19.18 4.33 0.06 
  G+N × NS Vitez * * * 

  G+T × NS Gricko -35.43 -4.48 0.03 
  G+T × NS Slatki 13.82 1.83 0.10 
  G+T × NS Leviathan 13.65 1.20 0.24 
  G+T × NS Argonaut 34.69 3.05 0.01 
  G+T × NS Vitez * * * 

Table 5. Overview of interaction hybrids × organic fertilizer for seed yield per plant  

b slope - constant; t - difference between two groups and the difference within the groups; p - calculated probability; C – Control; G – Guanito; 
G+N -  Guanito+Naturplasma; G+T - Guanito+Trainer; * - indicate the reference group in relation to which the other groups of factors and 
interactions were automatically compared  



 

Figure 1 implies that hybrid NS Slatki has stable and 
the  highest  seed  yield  per  plant  depending  on  the 
treatment compared to other tested hybrids. The figure 
also  indicates  that  hybrid  NS  Vitez  had  the  most 
variable seed yield per plant. 

Singh (2012) pointed out that the processes that 
maintain  organic  matter  (OM)  are  fundamental  for 
sustainable  agriculture  and  productivity  of 
agroecosystems.  Soil  OM  involves  different  soil 
processes,  such  as  those  linked  to  nutrient  cycle, 
biological  activity,  diversity  and  soil  structure,  so 
utilization of organic fertilizers is a cultivation practice 
and an approach which can help saving OM in both the 
short and long-term. Pang and Letely (2000) stated that 
the use of organic fertilizers causes soil changes other 
than fertility influence, which can improve plant growth. 
Results of Kramer et al. (2006) showed that the use of 
organic fertilizers will reduce adverse nitrate leaching.  

Nitrogen is a meaningful plant nutrient needed for 
high yields of most industrial crops, but usually a limiting 
factor for accomplishing high crop yields (Panga and 
Letely, 2000; Đukić et al.,  2014). Nitrogen deficiency 
decreases vegetative and generative growth which can lead 
to reduced yields (Ozer et al., 2004). It was reported that 
NPK  fertilization  can  raise  seed  yield  and  yield 
components of sunflower (Zubillaga et al., 2002; Ruffo et 
al.,  2003;  Ozer  et  al.,  2004).  Our study showed that 
treatment with nitrogen fertilizers (G+T) in combination 
with microbiological fertilizer (N) application significantly 
increased seed yield per plant for hybrids NS Gricko, NS 
Slatki, NS Leviathan which is in accordance with similar 
research. Ruffo et al. (2003) reported a significant effect of 
N on seed yield and seed number per plant. Various studies 
in different agroecological conditions also pointed out the 
positive response to N fertilization of sunflower seed yield 
and  yield  components  (Scheiner  and  Lavado,  1999; 
Halvorson et al., 1999; Ruffo et al., 2003).  

As already mentioned, there were no differences in soil 
pH (KCl) ranging from 7.28 in treatment G to 7.35 in 
treatment G+T. In general, there were no significant 
differences in soil pH values between different organic 

systems, which is similar to the results obtained in other 
studies (Liebig and Doran, 1999; Gosling and Shepherd, 
2005, Ĉuvardić et al., 2006). All treatments had sufficient 
available AL-P2O5 that ranged from 17.3 mg 100 g-1 in 
treatment G to 18.9 mg 100 g-1 in C, and AL-K2O that 
was 22.7 mg 100 g-1 in treatment G to 24.4 mg 100 g-1 in 
G+T. Total N and organic matter content was partially 
affected by the treatments, so treatment G+N showed the 
highest results (0.193% total N; 2.6% organic matter) 
compared to C (0.183% total N) respectively treatment G 
(2.33% organic matter). Generally higher parameters of 
soil fertility were found in treatments G+N and G+T. 

With  adaptation  of  the  management  practices 
significant  number  of  characteristics  of  cultivated 
sunflower can be improved, but it is very important to find 
appropriate correlations depending on the desired trait. It 
is also important to know the relationships between yield 
components, their relationship to yield, and the alteration 
of the individual components under the influence of the 
environment. All the obtained data were analyzed with 
PCA to allow correlations to be observed in the space of 
the components which are available, i.e. in the space of 
sunflower parameters collected during the trial. The PCA 
was performed to have a better understanding about the 
relationships  of  the  variables.  The  first  step  was  to 
standardize the data by transforming the data set into the z
-scores. The PC biplot reflected 82.4% of the variation 
corresponding to 50.8% (PC 1) and 31.6% (PC 2), with 
Eigen value greater than 1 (Table 6). Table 6 shows that 

Figure 1. Interaction of hybrids with treatments 
for seed yield per plant  

  PC 1 PC 2 

Eigen value 53.38 33.12 

Proportion of variance 50.80 31.60 

Traits Eigen Vector 

Seed yield per plant 0.35  0.91 

Kernel ratio 0.69 -0.10 

1000 seed weight 0.64 -0.39 

Table 6. Eigen values and proportion of total variability as 
well as correlation based on traits in five sunflower hybrids  



 

the traits which contributed more positively to PC 1, 
were kernel ratio (Eigen vector 0.69) and 1000 seed 
weight  (Eigen  vector  0.64),  and  the  trait  which 
contributed more positively to PC 2 were seed yield per 
plant (Eigen vector 0.91).  

Distribution  of  the  5  confectionary  sunflower 
hybrids along the first and second principal components 
based  on measured  traits  is  presented  in  Figure  2. 
According to vector angles on the biplot analyzed traits 
have shown positive correlation (Figure 2). According 
to the vector angles (angle smaller than 90º indicates 
that the variables are positively correlated) 1000 seed 
weight and kernel ratio were in positive correlation, 
which can be explained by the fact that seeds with 
higher kernel ratio have a greater mass. Yield is more 
complex trait because it depends on several other traits. 
Thousand seed weight and kernel  ratio were  also in 
positive correlation with seed yield per plant, but the angle 
among 1000 seed weight and seed yield per plant was 
almost 90º which indicates that the correlation is not that 
strong, it almost does not exist. Lopez-Pereira et al. (1999) 
and Marinkovic et al. (2003) also suggested that 1000 seed 
weight was not significantly correlated with seed yield per 
plant. Thousand seed weight is a very variable trait and is 
found under the influence of genetic, as well external 
environmental factors (Joksimović et al., 2004, Škorić, 
2012).  Grain  traits  were  more  important  than  yield, 
considering  the  fact  that  this  research  included 
confectionary sunflower hybrids.  

Correlation coefficient analysis confirms the above 
presented results. Namely, 1000 seed weight and kernel 
ratio were in positive correlation that was statistically 

significant (p=0.0451*). These two traits (1000 seed 
weight  and  kernel  ratio)  were  also  in  positive 
correlation with seed yield per plant but not statistically 
significant (p=0.762; p=0.394, respectively). 

 

  
In order  to make use  of  all  currently  available 

resources,  including fertilizers  registered for  organic 
agriculture, the results of the trial provided evidence 
that application of certified organic fertilizers are able 
to sustain the yield of sunflower under the conditions 
of organic agriculture. In relation to that it can be 
concluded that hybrid NS Slatki can be recommended 
for future research in organic agriculture conditions. NS 
Gricko, along with NS Slatki and NS Argonaut, had the 
lowest seed yield compared to the other hybrids, but 
also increased seed yield per plant when treated with 
Guanito in combination with Trainer i.e. Naturplasma. 
The  obtained  results  have  practical  importance 
considering  favorable  agroecological  condition  for 
organic production of confectionary sunflower. Future 
research needs to focus on selection of fertilizers to 
meet the requirement of specific hybrids.  
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Sažetak: Kako organska poljoprivreda predstavlja jedan od najodrživijih načina korišćenja poljoprivrednog zemljišta, 
svrha ovog istraživanja bila je poboljšanje proizvodnje konzumnog suncokreta u organskoj poljoprivredi. Prilikom 
istraživanja upoređen je prinos po biljci konvencionalnih hibrida u organskom i konvencionalnom proizvodnom 
sistemu. Nakon toga, upoređeni su masa 1000 semena, prinos po biljci i udeo jezgra konzumnih hibrida tretiranih 
sledećim đubrivima koja se koriste u organskoj proizvodnji: đubrivo životinjskog porekla (G), đubriva na bazi amino-
kiselina i azota (T) i mikrobiološko đubrivo (N) sa ne tretiranom kontrolom (C). Primena ovih đubriva povećala je 
prinos hibrida u odnosu na kontrolu, a najveći je zabeležen u kombinaciji tretmana G+N i G+T, a sve u organskom 
sistemu gajenja. NS Gricko je imao najmanji, statistički značajan, prinos semena po biljci u poređenju sa drugim 
hibridima, koji se značajno povećan tretiranjem G + N đubrivima; isti rezultati su dobijeni kod hibrida NS Slatki i NS 
Leviathan. Preliminarni rezultati studije ukazuju da primena organskih đubriva može pozitivno uticati na prinos 
suncokreta u uslovima organske proizvodnje, što pokazuje da su dalja istraživanja neophodna. 
Ključne reči: suncokret, organska proizvodnja,đubrenje, prinos semena, masa 1000 semena 


