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Abstract: Spelt (Triticum spelta L.) is an ancient wheat species that holds an important place among 

alternative cereals and is increasingly attractive due to its highly favourable agronomic, nutritional 

and medicinal characteristics. This cereal should play a leading role in organic plant-based food 

production. The aim of this research was to determine the influence of sowing time and fertiliser 

type on the yield of the spelt varieties Nirvana and Ostro. The one-year study (2023/24) was 

conducted at the Experimental Farm of the Research and Development Institute “Tamiš” in Pančevo, 

on a plot certified for organic production, using a split-plot design with four replications. Sowing 

time significantly affected the dynamics of phenophase occurrence and duration. The longest 

vegetation period during the study was achieved with sowing on 16 October (256 days), while the 

shortest was with sowing on 31 October (241 days). Sowing time had a notable impact on yield in 

both varieties: later sowing resulted in higher grain yield. This is explained by the milder winter 

compared to previous years and the later onset of cold periods, which allowed later-sown varieties 

to be better prepared. Organic fertilizers (Guanito) and microbiological fertilizers (Unimax and 

Slavol) influenced the number of spikelets: with top-dressing in any combination, the number of 

fertilized spikelets increased while unfertilized spikelets decreased. Spelt grain possesses high 

nutritional value and deserves much greater attention in the system of producing safe and healthy 

food.  
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INTRODUCTION 

 

Consumer perceptions that spelt wheat (Triticum spelta L., syn. T. aestivum ssp. spelta (L.) 

Thell.) has a higher nutritional value than common wheat (Triticum aestivum L., syn. T. 

aestivum ssp. aestivum (L.) Thell.) have resulted in a rapid increase in demand for spelt 

wheat products globally (Technavio, 2024). This alternative small grain is also of interest 

because it can be grown at higher altitudes; in Serbia, it can be cultivated at over 800 m 

above sea level (Vojnov et al., 2020). 

 

Spelt grain has consistently been shown to have higher protein and lipid content, but lower 

insoluble and total fibre content than common wheat (Escarnot et al., 2012). A recent 

extensive retail survey of UK and German wheat flour brands showed that, at the consumer 
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level, spelt wheat flour has significantly higher antioxidant capacity and concentrations of 

phenolic compounds and certain minerals (e.g. Cu, Fe, Zn) than common wheat flour 

(Wang et al., 2020). The same study also reported significant interactions between 

production protocols (organic vs conventional) and wheat species (common vs spelt wheat) 

with respect to antioxidant and mineral composition. 

 

Grain yield and seed quality in wheat depends on environmental conditions, genetic factors, 

crop management practices, and the interaction between these factors (Bansod et al., 2013). 

Among the measures applied to achieve high yields, the time of sowing is particularly 

important. Sowing time affects the dynamics of ontogenesis, especially the duration of the 

vegetative phenophases and the phases of grain formation and filling. The optimal time for 

sowing winter wheat in the climatic conditions of our country varies and depends on the 

agro-ecological conditions of individual regions, the timing and quality of basic and pre-

sowing tillage, and the characteristics of the variety (Dolijanović et al., 2014). When the 

seeding date is delayed, the periods from tillering to shooting and from tillering to earing 

are shortened compared with wheat sown at the optimal date (Podolska and Wyzinska, 

2011). Late planting results in poor tillering; when the tillering period is reduced (Joshi et 

al., 1992), plants produce fewer tillers per plant, with lower grain weight and fewer grains 

per plant (El-Gizawy, 2009). An adequate sowing date positively affects grain yield 

(Podolska and Wyzinska, 2011; Silva et al., 2014), enabling the plants to better adjust their 

physiology and phenology to environmental conditions (Ribeiro et al., 2009). A delayed 

sowing date causes an increase in total protein levels in the kernel, as well as increases in 

the contents of albumins and globulins, α/β-gliadins, γ-gliadins, total gliadins, HMW-GS, 

LMW-GS, and total glutenins, but does not change the HMW-GS to LMW-GS ratio 

(Szymańska and Podolska, 2016). 

 

Organic agriculture, as a system of sustainable agricultural production, today represents an 

indispensable component of a sustainable agricultural system (Šeremešić et al., 2017) in 

developing value chains for products with high nutritional value and ecological 

characteristics. Correct production technology in line with organic principles involves the 

cultivation of intercrops, the use of green manure, compost activators, and especially the 

application of biofertilizers with highly effective strains of microorganisms that ensure the 

supply of plants with biogenic elements (Šeremešić et al., 2018). 

 

Maintaining and increasing soil fertility is a key prerequisite for organic production, and 

the application of fertilization, processing, and crop rotation aims to ensure the 

sustainability of the entire farm. Plant nutrition in organic production is based on utilizing 

natural soil fertility, maintained through proper crop rotation, the cultivation of legumes, 

and the application of compost or manure. Where the farm does not have sufficient 

nutrients, the use of organic and mineral fertilizers prescribed by law is permitted. Balanced 

plant nutrition, which influences plant composition, directly affects plant resistance to 

pathogens and harmful entomofauna. Some research indicates a reduction in damage 

caused by insects and diseases in organic production (Manojlović, 2022). Microorganisms 

increase the uptake and accumulation of N, P, Fe, Mn, Zn, and Cu in plant tissues, as well 

as the levels of antioxidants and photosynthetic pigments (Dragičević et al., 2021). 

According to Dolijanović et al. (2012), the highest grain yields of spelt wheat were obtained 

with a combination of organic and microbial fertilizers (5.84 t ha⁻¹), lower yields with a 

microbiological fertilizer (4.34 t ha⁻¹), while the treatment without fertilizer resulted in the 
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lowest yield (3.86 t ha⁻¹). However, the complexity of local agroecological conditions 

indicates that there is no single solution to exploit the genetic potential of the variety 

(Ugrenović et al., 2018). The aim of this research is to examine the influence of sowing 

date and fertilizer type on the grain yield of two varieties of spelt in an organic production 

system. 

 

MATERIAL AND METHODS 

 

The experiment was conducted on the experimental plot of the Research and Development 

Institute "Tamiš" in Pančevo, on a certified plot for organic production. Only approved 

inputs for plant nutrition (organic and microbiological fertilizers) were used in accordance 

with organic production standards. Two spelt varieties were included in the study: Nirvana 

and Ostro, both suitable for organic production. The experiment took place in 2023/24 as 

part of a multi-field crop rotation, with triticale (Triticosecale) as the main preceding crop. 

The role of the pre-crop was to suppress weed species through dense sowing and to leave 

the soil weed-free. Before sowing, the seeds were treated with Fusarix (a biofungicide used 

to control phytopathogenic fungi, particularly Fusarium sp.) and Slavol to ensure seed 

protection. In the organic cultivation system, preference is given to sowing chaff seed, as 

the chaff provides additional protection against soil pathogens. 

 

During basic soil tillage in the autumn, the organic fertilizer Guanito was applied at 600 kg 

ha⁻¹ and Unimax at 150 kg ha⁻¹. Pre-sowing soil preparation was carried out with a seeder. 

Guanito is a pelletised organic fertilizer with a high phosphorus content; its primary raw 

material is organic matter from Guano birds from Peru, supplemented by other organic 

substances such as chicken manure. It is characterized by an extremely high phosphorus 

content in organic form, a low salt level, and a slightly acidic pH value (pH = 6.5). Its 

composition is: 6% N, 15% P₂O₅, 3% K₂O, 27.5% C, C/N ratio 4.6, and 3.5% humic acids. 

Unimax is a microbiological preparation containing bacteria (Bacillus megatherium 3×10⁷ 

cfu cm⁻³, Azotobacter chroococcum sp. 1×10⁷ cfu cm⁻³) applied to natural zeolite. These 

bacteria have high enzyme activity, are gradually released from the granules during 

vegetation, and break down organic nitrogen and phosphorus compounds into forms 

accessible to plants. 

 

Sowing was carried out in two periods: the first on 16 October 2023, and the second 15 

days later, on 31 October 2023. The seed rate was 280 kg ha⁻¹. After sowing, rolling was 

performed to ensure better contact between the seeds and the soil and to optimize soil 

moisture utilization.  

 

The layout of the plots in the experiment was arranged according to the split-plot design 

with four replications. The area of the sample plot was 510 m², the calculation plot was 18 

m², and the elementary plot was 4.5 m². After establishing the sample, an isolation belt 

("buffer zone") was sown, where a coarse grain was also used. The purpose of the isolation 

belt was to separate the test plots from neighbouring plots and the local road, as a preventive 

measure recommended in organic production. 

 

In spring, during the budding phase, the crop was foliar-fed with the microbiological 

fertilizer Slavol at a rate of 7 l ha⁻¹. Slavol is an innovative biopreparation based on 

microorganisms. The preparation is in a liquid state and contains bacteria (Bacillus 
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megatherium, Bacillus licheniformis, Bacillus subtilis, Azotobacter chroococcum, 

Azotobacter vinelandii, Derxia sp.), natural vitamins, enzymes, and growth stimulators. 

Bacteria on the root system assists in plant nutrition by converting organic and difficult-to-

dissolve compounds into accessible forms and delivering them directly to the plant root 

system. 

 

Harvesting with a grain harvester (Winterstieger) was carried out at the end of June, and 

the grain yield was measured and adjusted to 14% moisture. The results obtained were 

statistically analyzed using three-factor analysis of variance (ANOVA) with the F-test, and 

differences between mean values were determined by the LSD test. 

 

Meteorological Conditions During the Investigation Period  

 

Weather conditions significantly affect the morphological and economic properties of spelt 

(Glamočlija et al., 2013; Janković et al., 2015). High air temperatures in October, with little 

precipitation, marked the beginning of the 2023/2024 production year (Table 1). The first 

half of November was characterized by constant heavy rain, while the temperature of the 

sowing layer of the soil was favorable for the development of certain winter crops sown at 

optimal dates. In December, thermal conditions allowed relatively good development and 

preparation of winter crops for the period of winter dormancy. January was warmer and 

drier than the ten-year average, and February was also marked by a lack of precipitation 

and warmer weather. In April, slightly less precipitation was recorded compared to the 

average for this month. At the beginning of May, favorable temperature conditions in most 

production areas, combined with average precipitation, enabled intensified growth and the 

start of wheat heading. In mid-June, high temperatures accelerated the ripening stages of 

spelt, while rainfall slightly prolonged the harvest. 

 

Table 1. Meteorological conditions in the area of Pančevo 
Year/months X XI XII I II III IV V VI Average/Sum 

2023/2024 
oC 16.6 8.3 5.2 2.4 9.8 11.1 15.9 18.9 24.8 12.5 

mm 20.4 108.3 29.9 38.8 5.3 24.0 30.8 102.1 94.4 533.0 

2010-2019 
oC 13.7 9.3 3.7 2.2 4.1 9.1 14.5 18.2 22.6 10.8 

mm 48.9 39.3 40.6 56.7 50.9 54.7 48.4 110.0 85.3 591.5 

 

RESULTS AND DISCUSSION 

 

Table 2 presents the grain yield results for two spelt varieties (Nirvana and Ostro) according 

to sowing date and type of fertilizer. Statistical analysis of the data showed highly 

significant differences in grain yield depending on all examined factors and their 

interactions. Higher grain yields at the study site were achieved with the Ostro variety, 

particularly in treatments with individual fertilizer applications. 

 

Based on the data in Table 2, it can be noted that later sowing times resulted in better grain 

yields for both tested varieties. In the Nirvana variety, sowing time showed a statistically 

very significant difference, while in the Ostro variety, there was a statistically significant 

difference in grain yield. 
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Table 2. The influence of different types of fertilizers, their combinations and the date of 

sowing on the grain yield of Nirvana and Ostro varieties (t ha-1) 
Varieties Nirvana  

Average 

Ostro  

Average Fertiliser/date of sowing first second first second 

Control 7.38 8.48 7.93ab 8.48 8.66 8.57ab 

Unimax 7.56 8.56 8.06a 7.93 8.10 8.02b 

Guanito 6.78 8.67 7.73b 8.17 8.17 8.17b 

Guanito + Unimax 6.96 8.36 7.66b 7.08 8.02 7.55c 

Guanito+Unimax+Slavol 6.76 7.75 7.26c 8.47 9.29 8.88a 

Average 7.09 8.36 7.73 8.03 8.45 8.24 

P value 
A B C AB AC BC ABC 

** ** * * * ns ns 

A-varieties; B-sowing date; C-type of fertilizer; Different letters indicate significant differences; * 

p < 0.05; ** p < 0.01; ns-no statistical differences. 

 

Differences in spelt grain yield depending on the applied fertilizers were statistically highly 

significant. The combined application of organic and microbiological fertilizers produced 

good results, especially in the second sowing period for both varieties. The lowest grain 

yields for the Nirvana variety were recorded with the combination of all tested fertilizers, 

whereas the opposite trend was observed for the Ostro variety. It can be concluded that the 

Ostro variety is characterized by more efficient use of soil nutrients. Optimal grain yields 

in the control variants indicate the good potential fertility of the soil on which the spelt crop 

is grown, as well as the effect of the selected crop rotation and other measures. 

 

According to Janković et al. (2013), the highest yields of spelt wheat can be achieved on 

chernozem soil, but due to its lower requirements, it is often produced under restricted 

agroecological conditions. Earlier studies indicated that sowing date plays a significant role 

in achieving higher yields, as late sowing shortens the growing period and results in poor 

crop preparation for the winter (Protić et al., 2008). In a three-year trial, Ugrenović (2013) 

found the highest spelt wheat yield with the first sowing date (5 October), while delayed 

sowing reduced yield by 4.0 to 19.7%. Lacko-Bartošová et al. (2010) also found high 

variation in spelt wheat yield depending on climatic conditions. Spelt wheat has lower 

requirements in terms of agroecological conditions, but is also less tolerant to drought 

(Ugrenović, 2013). In dry seasons, yields are significantly lower, primarily due to a lack of 

nutrient availability under low fertilization. 

 

Pospišil et al. (2014) examined the influence of sowing rate on the yield of spelt, varieties 

Ostro and Nirvana. They found that the Ostro variety produced significantly higher 1000-

grain weight and yield compared to the Nirvana variety, which is consistent with the results 

of our research. In the aforementioned trial, the grain yield of the Nirvana variety ranged 

from 4.92 to 6.92 t ha⁻¹ in a two-year study in Croatia, while the yield of the Ostro variety 

was always over 7 t ha⁻¹. Dolijanović et al. (2014), observing average two-year yields, 

noted a statistically significant difference depending on feeding (3.80:3.94 t ha⁻¹). 

Application of only microbiological fertilizers increased yields compared to the control but 

not compared to other variants in which organic fertilizers or breeders were included. 
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CONCLUSION 

 

The yield of winter spelt grain was found to depend on the sowing date, fertilizer, and 

especially on the different cultivars. In both tested varieties, a higher grain yield was 

obtained in the second sowing period. The yields of grain harvested from spelt grown after 

triticale were highest in the full treatments with fertilizer (a combination of organic and 

microbiological fertilizers). The lowest grain yields in both sowing dates and both varieties 

were obtained with the Guanito+Unimax combination. The yield of the winter spelt grain 

cultivar Ostro was higher than that of cultivar Nirvana in all variants. 
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