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Abstract. The aim of the present paper is to assess the effect of
cultivation systems and varied nitrogen fertilisation doses on
yield and yield components of two cultivars and one strain of
winter spelt. The experiment was conducted on soil is classified
as Haplic Cambisol. Three factors were compared in the course
of the experiment: factor I — 2 cultivation systems: reduced tillage
and conventional cultivation, factor II — 4 nitrogen fertilisation
levels, factor III — cultivar/strain. The plants under analysis were
two cultivars of winter spelt: German ‘Frankenkorn’ and Swiss
‘Oberkulmer Rotkorn” and strain STH 12. There was no signifi-
cant difference regarding winter spelt grain yield depending on
the cultivation system. Nitrogen fertilisation caused a significant
increase in yield to a certain threshold which, when exceeded, re-
sulted in a decrease of grain yield. The highest yield was obtained
for STH 12 strain. With respect to thousand grain weight, number
of ears per m?, number of grains yield per ear, and ear yield, there
was a significant relationship with the cultivar factor. SPAD valu-
es showed no differences between cultivars. The method of culti-
vation (conventional vs. reduced tillage) did not show differences
for the four analysed yield components and SPAD of winter spelt.

Keywords: winter spelt, yield, yield components, tillage system,
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INTRODUCTION

Winter spelt wheat commonly known as (7riticum aes-
tivum ssp. spelta L.), is a very well-known cereal which
was cultivated as early as in the Neolithic period and the
Bronze Age (8000-3000 BCE). Most likely, spelt origi-
nated as a natural hybrid of aegilops (degilops squarrosa)
and Emmer wheat (7riticum dicoccum) (Lacko-BartoSova,
Otepka, 2001). The European as well as Polish legislation
considers spelt wheat to be a separate species (Triticum
spelta L.).
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In Europe, spelt, though popular for centuries, was re-
placed in the 19" century by common wheat which was
increasingly more intensively cultivated due to its resis-
tance to genetic modifications and ability to retain its origi-
nal features (Bonafaccia et al., 2000; Capouchova 2001).
In the last two decades, spelt has become an increasingly
more popular cereal due to the possibility of being cultivat-
ed extensively and the general trend towards organic pro-
duction. Spelt is a hexaploid wheat (genomes AABBDD
— 42 chromosomes), with hulled grain of the same genome
as bread wheat (Yan et al., 2003; Onishi et al., 2006). Its
hulled grain is vitreous, white to red in colour. Spelt is
a cereal crop which is characterised by a lack of special
requirements regarding soil, climatic conditions or inten-
sive protection (Sliesaravicius et al., 2006; Schober et al.,
2006). The highest number of cultivars originates from
Germany and Switzerland (Mielke, Rodemann, 2007).

The oldest cultivars originating in Germany were reg-
istered before the year 1904, and Frankenkorn cultivar in
1995. Oberkulmer Rotkorn is a Swiss cultivar registered
even earlier, i.e. 1948. STH 12 strain is the result of hy-
bridisation of common wheat with spelt and was obtained
from Plant Breeding Strzelce, Poland.

The reduced tillage cultivation has been a popular con-
cept for many years (Stosi¢ et al., 2017), and reduced cul-
tivation practices are becoming increasingly more frequent
in large scale farming. Nowadays, there is a trend in modern
agriculture to replace the traditional soil cultivation system
with no-tillage cultivation (reduced tillage). The literature
on the subject provides numerous positive, as well as nega-
tive, opinions on the effect of the conventional and reduced
tillage systems on crop yield and grain quality (Gibczynska
et al., 2002; De Vita et al., 2007; Peigné, 2014; Rachon et
al., 2018). The traditional cultivation system is based on
ploughing which destroys the natural structure of soil caus-
ing soil drying and increases the mineralisation of organic
substance (Morris et al., 2010). The most popular reduced
tillage cultivation system (no-tillage) provides numerous
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benefits such as: water conservation, particularly in the dry
years, reduced variations in temperature, limiting the or-
ganic matter loss, intensification of soil biological life as
well as reduced fuel consumption and gas emission (Melaj
et al., 2003; Ozpinar, 2006; Bottinelli et al., 2010). No-
tillage cultivation allows plants to grow in autumn, thus
allowing for nitrate absorption and consequently reducing
nitrate leeching (Malecka, Blecharczyk, 2008). However,
there are some disadvantages to the no-tillage system, such
as soil compaction in the deeper layers, decreased miner-
alisation of plant residue and mechanical problems with
positioning of seeds (Stosi¢, 2012). Especially in the initial
years, no-tillage cultivation leads to increased soil compac-
tion, which can result in hampered plant germination, poor
root system development and, as a consequence, lower
crop yield (D’Haene et al., 2008). Out of all agro-techni-
cal factors, nitrogen fertilisation has the greatest effect on
yield differentiation and grain quality (Mikos, Podolska,
2012; Liu, Shi, 2013; Linina, Ruza, 2018).

Improper use of mineral fertilisers, particularly nitro-
gen, can result in reduced soil fertility due to stimulated
soil acidification, disturbed ionic balance of elements, re-
duced biological activity or induced soil salinity (Vitousek
et al., 2009; Stepien et al., 2016). Excessive application of
nitrogen can lead to a reduced grain yield and increased
nitrogen loss in a wheat-soil system (Wang et al., 2011).

SPAD-502 chlorophyll meter is a simple, mobile di-
agnostic instrument used for estimating the chlorophyll
content in leaves. Zhu et al., 2012 and Naderi et al., 2012
estimate that SPAD readings are positively correlated with
destructive measurements of chlorophyll and have been
recognized as a useful indicator of plant demand for ni-
trogen during growth.The value of SPAD chlorophyll and
its ratio to common wheat and spelt wheat yield has been
poorly measured to date (Islam et al., 2014). Jarecki et al.
(2016) based on their results noted that the higher dose of
nitrogen caused a considerable increase of leaf area index
(LAI) and SPAD indicator. The overwhelming majority of
studies on spelt focus on its yield and pays less attention
to the relationship between the elements of ear yield and
morphological characteristics of plants.

Old spelled cultivars can react differently to tillage sys-
tems, and new cultivars are likely to react more intensively
to nitrogen fertilization.

The aim of the present paper is to assess the effect of
cultivation systems (ploughing vs. reduced tillage) and
varied nitrogen fertilisation doses on yield and yield com-
ponents of two cultivars and one strain of winter spelt.

MATERIAL AND METHODS

Site description

The field experiment was conducted in the period 2009—
2011 in Lipnik (53°42°N, 14°97°E), at the Agricultural
Experimental Station of the West Pomeranian University

of Technology in Szczecin, Poland. The experiment was
conducted on brown soil which originated from light lo-
amy sand and is classified as Haplic Cambisol (IUSS Wor-
king Group WRB 2015). The soil was characterised by
a slightly acidic pH (in 1 mole KCI, on average, pH was
6.5) and the content of floatable particles (diameter < 0.02
mm) was approximately 11-13%. The thickness of the hu-
mic layer was from 14 to 25 cm, and the content of humus
in soil was at the level of 1.3—1.5%. The content of availa-
ble microelements was found to be average, the amount
of available phosphorus and potassium was: P = 58;
e = 104 mg kg of soil.

Three factors were compared in the course of the expe-
riment: factor I — 2 cultivation systems: (reduced tillage)
and conventional (ploughing) cultivation, factor II — 4 ni-
trogen fertilisation levels (0, 50, 100, and 150 kg N ha'),
factor III — cultivar/strain. The plants under analysis were
two cultivars of winter spelt: German Frankenkorn and
Swiss ‘Oberkulmer Rotkorn” and strain STH 12. The strain
is a hybrid of common wheat and spelt and was obtained
from Plant Breeding Strzelce Ltd. [HAR Group near Kut-
no, Poland. The experiment was laid out in split-split-plot
system in three replications. The material for the analysis
was the grain of winter spelt wheat, obtained as mean from
the experimental combinations. Spelt was preceded by oats
in each year of study.

available

Experimental design and management
Phosphorus-potassium fertilisation was applied in autumn
after the preceding crop harvesting at a rate of 100 kg ha!
as single superphosphate (Ca(H,PO,),) and 150 kg ha'
in the form of potassium salt (KCI) 60%. Additionally,
25 kg MgO and 50 kg SO, was applied in the form of Kie-
serite. Nitrogen fertilisation (ammonium nitrate) was ap-
plied in summer at of 50 kg N ha'! on the following dates:
start of vegetation (March 17-19), stage of shooting (April
21-24) and stage of earing (May 17-21). The cultural prac-
tices performed prior to sowing included ploughing with
Campbell roller in the variants with ploughing system and
harrowing using disc harrow with cage roller in the variant
with reduced tillage. Sowing was done in the third decade
of September using a seed drill with @yorda type sowing
apparatus. The area of the plot was 15.0 m?, the number
of rows was 12 and the spacing between the rows was
12.5 cm. The adopted sowing rate was 350 grains germina-
ting per 1 m?. Depending on the conditions, herbicide and
fungicide treatments were applied. The integrated weed
and fungus protection program was adhered to. The grain
was harvested at full maturity with the use of Wintersteiger
plot harvester.

Grain yield and yield components

Prior to harvesting, plant samples of the size 4 x 0.125 m?
were taken from each plot for the assessment of ear density
per 1 m% The number of ears necessary to assess the num-



ber of grains per ear was determined using two-step Stein
method for a small sample of unknown variance (Sobczyk,
2019). The conducted analysis showed that for the purpose
of assessing the average number of grains per ear, with the
permissible estimation error at 5%, 30 ears should be col-
lected from each plot. A thousand grain weight (TGW),
was measured in four grain samples, 250 grains each. The
measurements were conducted using the automatic seed
counter LN-S-50A type. The sample for determining the
thousand grain weight was prepared using a 12-channel
separator to obtain the representative sample. Ear yield
was calculated as the product of the number of seeds per
ear and the weight of one caryopsis. Following harvest-
ing with a combine harvester, grain yield obtained from
the experimental plots was cleaned in the air separator, and
the grain humidity was determined by means of an oven
method to calculate the yield into dt ha' at 15% humid-
ity. The SPAD test (Soil Plant Analysis and Development),
also known as the leaf greenness index, allows measure-
ments in a non-destructive way. Chlorophyll meters allow
the assessment of the nitrogen nutritional status through
measurement of the chlorophyll content on the basis of leaf
greenness index. SPAD measurements consist of determi-
nation of the quotient of the difference of light absorption
by a leaf at the wavelength of 650 and 940 nm. Leaf chloro-
phyll concentration was estimated with SPAD 502 chloro-
phyll meter, Minolta, Japan. Chlorophyll content in leaves
was measured during the stage of shooting (BBCH 30-31),
with the assumption that a given developmental phase was
completed by at least 60% of plants. Measurements were
made at the middle part of each leaf. The average of 10
measurements was taken as a SPAD value.

Weather conditions of the experiment

The course of the weather conditions in the years of study,
1.e. 2009-2011, was varied. The end of 2008 was, on av-
erage, by 0.8°C warmer than the long-term average, the
year 2009 was warmer by 0.9°C, and 2011 (from January
to September) by as much as 1.1°C. The highest thermal
variation was identified for the year 2010, as both in Janu-
ary and in December the temperature was well below the
norm — by 4.9°C and 5.6°C respectively. In turn, July of
2010 was the warmest month of the whole analysed pe-
riod. The comparison of the variations of air temperature
from the long-term average shows that 2010 was by 0.6°C
cooler than the norm. In the analysed period, the maxi-
mum precipitation was recorded in the autumn of 2009 and
2010, and in the summer of 2010 and 2011. In the latter
two years, heavy rainfall in August and July followed dry
periods. The smallest variation in conditions was recorded
from September 2008 to September 2009. The year 2010
proved to be the most extreme, as there was a drought from
January till the end of April, and following a wet May there
was another extreme drought in June followed by a wet
July and a particularly wet August. Rainfall deficit was
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also observed in 2011 when SPI values (standardised pre-
cipitation index) in summer (from April to June) amounted
to <-1.0, indicating a weak drought.

Statistical analysis

The data of the study were statistically analysed using an
ANOVA model for a split-split-plot design for each year and
as a 3-years synthesis of the results, using the fixed model.
Confidence half-intervals for the purpose of comparing
the means were calculated with the use of HSD — Tukey’s
test at the significance level p=0.05. For grain yield in the
subsequent years of the experiment, the ANOVA with re-
gression was calculated. The significance of the effects was
assessed with F-Fisher-Snedecor test and second-degree
polynomial lines are presented in the graph. Additionally,
the maximum of the function was determined, indicating
the level of fertilisation which gives the highest yield by
comparing the first derivative of the second-degree poly-
nomial equation to zero value. With respect to yield and
components of yield of the cultivars under analysis, mul-
tiple regression equations were determined, assuming the
grain yield (y) to be a dependent variable, and the number
of ears, grains per ear, a thousand grain weight (TGW),
and grain yield per one ear to be independent variables.
The initial analysis of the matrix of Pearson’s simple cor-
relation between the variables excluded the yield per one
ear from further analysis as it was strongly correlated with
the number of grains per ear. Multiple regression analy-
sis was conducted with a stepwise method by including
further variables into the equation. The significance of R
coefficient was verified with F Fisher-Snedecor test, and
the significance of the partial regression coefficients with
t-Student test (Mickey et al., 2004). The calculations were
made using Statistica 12.0, Software.

RESULTS AND DISCUSSION
Grain yield and yield components

Grain yield from a given area directly depends on the
number of plants, the number of grains in ear and grain
weight. The analysis of yield, taking into consideration its
structural elements, takes into account intentional stimula-
ting the yield, or limiting it to its optimum size, bearing in
mind grain yield and its quality. Unilateral increase in one
of the elements, e.g. the number of ears due to fertilisation
or overly dense sowing, results in a significant decrease in
the other elements, and consequently the effect can be op-
posite to the desired one. Grain yield and yield components
significantly varied in particular years of the study (p<0.01)
(Table 1), which corresponds with the results presented in
the literature on the subject (Wanic et al., 2019). However,
the effect of cultivation system on these characteristics was
not confirmed here, contrary to the authors (Tolessa et al.,
2007; Haliniarz et al., 2013) who claim that the effect of
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a cultivation system on grain yield and its struc-
ture is significant. The levels of nitrogen ferti-
lisation applied to spelt significantly affected
grain yield, the number of grains per ear, grain
yield per ear, SPAD (p<0.01) and the number
of ears per m?, as well as thousand grain weight
(p<0.05). The yield and its individual elements
revealed significant differences between the spelt
cultivars (p<0.01, p<0.05), which is also confir-
med by Sulek et al., (2019), who found that whe-
at yield was highly dependent on the cultivation
method and genotype. Similarly, Lacko-Barto-
Sové et al., (2010) confirm the difference in yield
of eight spelt cultivars. According to the authors,
the highest yield was found for Frankenkorn
(67.6 dt ha') and the lowest for Ostro
(54.9 dt ha'). A significant genotype-environ-
ment interaction points to an inconsistent reac-
tion of cereal cultivars, with respect to a tho-
usand grain weight (TGW)), to varied natural and
weather conditions (Weber et al., 2009; Linina,
Ruza, 2018). This study shows the interaction
between the years of study and cultivars with
respect to a thousand grains weight (p<0.05).
Over all characteristics, only the value of leaf
greenness index (SPAD) showed a lack of signi-
ficant dependence on genotype. There was no
interaction between fixed factors for yield and
yield components of the winter spelt in this stu-
dy (Table 1).

Attributing the smaller number of caryopses
per ear, the yield of spelt is generally lower than
that of common wheat. However, Burgos et al.,
(2001) point to the possibility of obtaining a com-
parable yield. The wheat model established in
2018 by the Research Centre for Cultivar Testing
(COBORU, 2018) gave a yield of 73.9 dt ha''.
The results by Andruszczak (2017) concerning
the reaction of winter spelt cultivars to reduced
tillage system show the yield of Oberkulmer
Rotkorn of 39.6 dt ha! and 44.8 dt ha! for Fran-
kenkorn . In the present experiment, spelt yield
was lower and ranged from 15.8 to 37.7 dt ha!
with a mean from the experiment at 27.3 dt ha!
(Table 2).

In the present study, no significant effect of
cultivation system on winter spelt yield was fo-
und (Table 1), which can indicate that the chan-
ges in soil properties do not have an unequivocal
effect on crop yield as it also depends on climate
conditions, crop rotation, applied plant health
products or the type of machines used for cul-
tivation or sowing. In the conventional system,
the yield of STH 12 was by 22% higher (i.e.
5.7 dt ha'!) than the yield of Oberkulmer Rotkorn

Table 1. Significance of effects in ANOVA for grain yield and yield compo-
nents (2009-2011).

Traits
SOl}rC§ Qf grain  number number thousand  grain
variability  yield  ofears ofgrains grain yield per SPAD
perm?  perear weight ear

Y ksk sk sk ik sk sk
T - - R - - -
Y xT - - - - - -
N sk * ek sk sk sk
Y XN - - - - - -
TxN - - - - - -
YxTxN - - - - - -
C sk sk ek ek sk -
Y xC - - - * - -
T xC - - - - - -
YxTxC - - - - - -

* significance at p<0.05, ** significance at p<0.01, - no significance
Y — years, T — tillage systems, N — nitrogen fertilization, C— cultivars/strain

Table 2. Effect of tillage systems (T) and nitrogen fertilization (N) on grain
yield [dt ha''] of winter spelt cultivars/strain (C), mean 2009-2011.

Nitrogen fertilization [kg ha']

Cultivation Cultivars/strain 0 50 100 150 Mean
Oberkulmer Rotkorn  16.6  27.0 30.5 28.8 25.7

Conven- Frankenkorn 17.1 32.1 348 312 28.8

tional STH 12 198 313 377 367 314
Mean 179 30.1 343 322 286
Oberkulmer Rotkorn  16.2 234 278 28.8 24.1

Reduced Frankenkorn 158 274 325 296 263
STH 12 17.1 309 329 298 27.7
Mean 164 272 31.1 294 26.0
Oberkulmer Rotkorn 164 252 292 28.8 249
Frankenkorn 16.5 298 33.6 304 27.6

Mean STH 12 185 311 353 333 295
Mean 17.1 28.7 327 308 273

T-n.s.,N-3.25C-1.89,
LSD,,; for: TXN —n.s., TXC —n.s., NXC —n.s.

n.s. — no significant difference

and by 9% (i.e. 2.6 dt ha') higher than that of Frankenkorn. In the
reduced tillage system, the obtained yield was higher by 15% (i.e.
3.6 dt ha') and 5% (i.e. 1.4 dt ha'), respectively. The results of
a series of studies conducted so far indicate the varied results of the
effect of cultivation system on crop yield — from a beneficial effect
of non-tillage system, through lack of effect, to a decrease in yield as
compared to traditional cultivation system (Sulek et al., 2019).
Regardless of the cultivation system or cultivar, the highest yield
of winter spelt was obtained following the application of 100 kg N ha™!,
on average 32.7 dt ha', i.e. by 91% (15.6 dt ha') higher than that
of the control (0 kg N ha''). A higher nitrogen dose (150 kg N ha')
reduced the grain yield by 6% (i.e. 1.9 dt ha!) (Table 2). Increasing
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Figure 1. Regression line between nitrogen fertilization and grain
yield.

the nitrogen fertilisation dose (to 150 kg N ha™') resulted
in a reduced yield of all the analysed genotypes of winter
spelt. The highest yield, determined with second-degree re-
gression equation, was obtained following the application
112 N kg ha' (Figure 1). A positive correlation between
grain yield and nitrogen fertilisation is well documented in
the literature on the subject (Linina, Ruza, 2018; Litke et
al., 2017; Ma et al., 2019). However, according to Linina,
Ruza (2018), application of larger doses of nitrogen ferti-
lisation (more than 60 kg N ha™) is not justified as it does
not result in an increase of spelt wheat yield. In turn, Riieg-
ger, Winzeler (1993) indicate that application of nitrogen
fertilisation with respect to spelt does not affect the crop
productivity per hectare. The authors also claim that the
effect is identified for the dates of sowing. Lower nitrogen
demand by spelt, as compared to that by common wheat,
is an argument for increasing the acreage cropped to spelt
(Koutroubas et al., 2012).

Spelt is characterised by high adaptability, it shows
good tolerance of winter, excess water levels as well as
shortage of water, it is more resistant to soil salinity as
compared with other cereals (Burgos et al., 2001). Despite
the lower demand of spelt in relation to soil and environ-
ment, over the years of the study a rather high variability of
the yield (17%) was observed (Table 3), which, however,
could be due to different weather conditions (Table 1).

Rozbicki et al. (2015) point to a similar relationship,
claiming that the environmental conditions (particularly
climatic conditions) have a significantly greater effect on
common wheat yield than the cultural practices. However,
Bujak et al. (2013) find no correlation between the yield
and precipitation sums.

According to Zuk-Gotaszewska et al. (2015) the results
obtained for spelt confirm its stability in terms of chloro-
phyll level over the years and greater tolerance to different
weather conditions in comparison with common wheat.

Table 3. Mean values of grain yield and yield components in
2009-2011.

. Years

Trait 200 2010 2011 7
Grain yield [dt ha] 29.8 303 220 17.0
Thousand grain weight [g]  35.9 39.6 51.7 19.5
Number of ears per m? 423 436 351 11.3
Number of grains per ear 19.8 17.8 12.7 21.8
Yield per ear [g] 0.706 0,700 0.674 4.7
SPAD 459 449 353 13.7

V% — variability coefficient

The effect of tillage system and nitrogen fertilization
on yield components

Just as in the case of yield, in the third year of the expe-
riment, the lowest SPAD values, in comparison to the first
and the second year, were found (Table 3). In the present
experiment, SPAD values for particular cultivars were
comparable and ranged from 41.4 to 42.9 (Table 4). The
analyses did not show differences in SPAD values depen-
ding on the cultivar and strain of spelt (Table 5).

Table 4. Yield components of cultivars, mean 2009-2011.

Cultivar/strain
Trait Oberkulmer Frankenkorn STH 12 LSDy s
Rotkorn

Thousand grain 45 - 423 393 1.95
weight [g]
Number ofears 3¢5 434 a1 347
per m
Number of 15.5 15.4 191 1.59
grains per ear
E;‘f‘d per ear 0.690 0.638 0.726  0.069
SPAD 41.4 0.9 418  ns.

n.s. — no significant difference

Table 5. Effect of cultivation tillage systems on yield compo-
nents, mean 2009-2011.

Tillage system

Trait conventional reduced LSD,s
Thousand grain weight [g] 42.8 42.0 n.s.
Number. of ears per m? 405 401 n.s.
Number of grains per ear 17.1 16.1 n.s.
Yield per ear [g] 0.712 0.657 n.s.
SPAD 432 41.3 n.s.

n.s. — no significant difference
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Puzynski et al., (2015) in their study on the
yield of selected spelt wheat cultivars (7riticum
spelta L.), obtained the highest SPAD value for
STH 28-4619 strain i.e., 40.1. Numerous studies
confirm that the values of leaf chlorophyll measu-
red with SPAD chlorophyll meter are closely con-
nected with grain yield (Maiti et al., 2004; Islam et
al., 2014).

Number of ears per 1 m? is the decisive yield
constituent affecting grain yield in approximately
50% of cases; however it can result both in an in-
crease as well as a decrease in yield. On the other
hand, the number of grains per ear and a thousand
grain weight are less important and, therefore, it
can be assumed that their effect on grain yield is
25% each.

With respect to the four elements of yield
structure: the thousand grain weight (TGW), the
number of ears per m?, the number of grains per
ear and ear yield, the study identified a significant
dependence on the cultivar factor (Table 4).

Generally, spelt grain has lower values of the
thousand grain weight (TGW), as compared to the
grain of common wheat — 32.2-50.1 (Konvalina et
al., 2012; Wanic et al., 2019). TGW values of spelt
cultivated in this experiment ranged from 39.3 to
45.7 (Table 4).

The grain of Oberkulmer Rotkorn showed the
highest TGW values — 45.7, the value usually rep-
resentative of wheat grain (Table 4). At the same
time, for this cultivar, the lowest number of ears
per m? was obtained which, owing to the small-
er plant density, indicates better conditions for
growth. In comparison with the data from the first
year of the experiment, in the third year the values
of TGW were higher by 44% (Table 3). Accord-
ing to Weber et al., (2009), unfavourable weather
conditions determine the values of this yield con-
stituent. In a broad sense, high inheritance (repro-
ducibility) obtained in the series of experiments,
indicates that this characteristic is strongly geneti-
cally determined. A large number of ears per m?
can reduce the number of grains per ear. The spel-
led variety STH 12 had a grain yield per ear, equal
to 0.726 g, so the yield of the ear was the highest,
(Table 4).

The analysis of the reaction of the reduced till-
age and chemical plant protection with respect to
spelt by Andruszczak (2017) shows different val-
ues of ear yield — 0.92 g for Oberkulmer Rotkorn
and 1.08 g for Frankenkorn. In the last year of the
experiment, the following values were also found
to be the lowest: yield per ear and the number of
grains per ear — by 5% and 36% respectively, in
comparison with the first year of the experiment

which was marked by the highest values of the analysed charac-
teristics. Additionally, the number of ears per m? was significantly
lower in the last year of the experiment, by 19%, as compared to the
second year of the experiment (with the highest values).

Multiple regression equation shows a significant relationship
between yield (y) and the number of ears per m* (x,), the number
of grains per ear (x,) and a thousand grain weight (x,). Correlation
coefficients for individual cultivars were high (Oberkulmer Rot-
korn, r = 0.998, Frankenkorn, r = 0.944, STH 12, r = 0.985). An
increase of the thousand grain weight by one unit was accompanied
by the increase of the yield of Oberkulmer Rotkorn by 0.552 dt ha™.
An increase in the number of grains by one unit resulted in the
increase in grain yield of Frankenkorn by 1.712 dt ha'. A higher
number of ears per m? by one unit caused the increase in STH 12 by
0.0714 dt ha! (Table 6).

A decrease in grain yield in a non-tillage cultivation system ge-
nerally resulted from a decrease in the number of ears per area unit
(Sulek et al., 2019). The authors’ own study did not confirm stati-
stically significant differences in the number of ears per area unit
between the particular cultivation systems. Moreover, there were
no significant differences between the individual elements of yield
structure of spelt wheat cultivated in the conventional and reduced
system (Table 5).

A significant, nitrogen fertilization-dependent increase in the
yield of winter spelt was observed, that affected the values of four
grain parameters: thousand grain weight (TGW), number of ears
per m?, number of grains per ear and yield of ears. The above pa-
rameters continued to increase only up to the rate of 100 kg N ha!
(Table 7). Winter spelt grain harvested from the treatment fertilised
with 100 kg N ha! was characterised by higher values of: the thou-
sand grain weight (by 8%), the number of ears per m? (by 10%), the

Table 6. Multiple regression equation between yield (y) and number of ears
per m* (x,), number of grains per ear (x,) and thousand grain weight
(x,) for cultivars (n = 72).

Cultivars/
strain

Oberkulmer
Rotkorn

Frankenkorn y =-49.4 +0.0624x + 1.712x, + 0.543x, 0.994 <0.000
STH 12 y=-53.7+0.0714x + 1.542x, + 0.624x, 0.985 <0.000

R — multiple correlation coefficient, p — level of significance

Regression equation R p

y =-43.2+0.0621x,+ 1.592x, + 0.552x, 0.998 <0.000

Table 7. Effect of nitrogen fertilization on yield components, mean 2009—
2011.

Nitrogen fertilization [kg ha™']

Trait 0 50 100 150 Do
Thousand grain weight [g] 40.8 42.8 44.2 42.0 2.75
Number of ears per m? 376 402 415 420 42.1
Number of grains per ear 11.8 17.6 18.9 18.4 3.40
Yield per ear [g] 0.467 0.733  0.807 0.733 0.141
SPAD 36.0 42.6 45.6 43.9 2.92
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number of grains per ear (by 60%) and the yield per ear (g)
(by 73%), as compared with spelt harvested from the treat-
ment without nitrogen fertilisation. This study also shows
that the highest dose of nitrogen (150 kg N ha'!) reduced
the values of the analysed yield components (Table 7).
Litke et al., (2017) confirm that increasing the dose of ni-
trogen fertilisation resulted in lower values of the elements
of wheat yield. According to Kotodziejczyk et al., (2012),
in the process of cereal production, a nitrogen fertilisation-
dependent increase in grain yield is mostly the result of an
increase in ear density and only to a lower extent of the
grain weight per ear. However, the results obtained in the
present experiment indicate that, owing to nitrogen fertili-
sation, (at 100 kg N ha™') the highest values were recorded
for grain yield per ear (Table 7).

Depending on plant requirements, the rate of nitrogen
fertilisation is of crucial importance for the efficiency of
the nitrogen applied (Islam et al., 2014). Nitrogen mana-
gement on the basis of chlorophyll meter allowed the rate
of N fertilization to be reduced without compromizing ef-
ficiency (Hasan et al., 2016). Measurements of chlorophyll
content under field conditions allow for quick and non-in-
vasive control of nitrogen content in plants, therefore limi-
ting the risk of inadequate or excessive crop fertilisation.
Chlorophyll content in the leaves of the analysed winter
spelt, measured with SPAD meter, was significantly higher
in plants fertilised with 100 kg N ha'! — on average by 27%,
as compared with spelt cultivated on plots without nitrogen
fertilisation. SPAD readings were lower following the ap-
plication of the highest dose in the amount of 150 kg N ha!
(Table 7).

Numerous studies (Gonzalez et. al., 2007; Maiti et. al.,
2004; Islam et al., 2014) suggest that there is a positive cor-
relation between nitrogen uptake, nitrogen concentration
in leaves, chlorophyll content in leaves and grain yield.
Furthermore, these relationships indicate that it is possi-
ble to efficiently manage nitrogen use in crop production
by means of measurements of relative chlorophyll content
in leaves. Similarly to the results by Zuk-Golaszewska et

38
36
34 y=-17.62 + 1.078 x
32
30
28
26
24
22
20
18
16
14
12

r=0.88 p=0.0025 r2=0.774

Grain yield dt ha ™!

30 32 34 36 38 40 42 44 46 48 50
SPAD

o

Figure 2. Regression line between SPAD and grain yield (n = 12).

al., (2015), the present experiment shows that chlorophyll
content was correlated with winter spelt yield. There was
a straightforward relationship between the grain yield and
SPAD content (Figure 2). Correlation coefficient was fo-
und to be high (r=0.88) which indicates that the readings
of SPAD meter were strongly correlated with winter spelt
grain yield. Coefficient of determination between SPAD
value and grain yield was high and amounted 0,774. The
values of regression coefficient demonstrate that an incre-
ase in chlorophyll content by one SPAD unit translates into
an increase in grain yield by 1.078 dt ha''.

CONCLUSION

1. The present study finds no significant dependence
of winter spelt grain yield on the cultivation system.

2. Nitrogen fertilisation, as the factor affecting the
yield to the greatest extent, caused a linear significant in-
crease in yield to a certain threshold which, when exce-
eded, resulted in a decrease of grain yield. The study iden-
tifies a relationship between the obtained yields and spelt
cultivar — the highest yield was obtained for STH 12 strain.

3. With respect to the four elements of yield structure,
i.e. thousand grain weight (TGW), number of ears per m?,
number of grains per ear, and ear yield, there was a signi-
ficant relationship with the cultivar factor. SPAD values
showed no differences between cultivars.

4. The method of cultivation (conventional vs. redu-
ced tillage) did not show differences for the four analysed
yield components and SPAD of winter spelt. As a result of
nitrogen fertilisation, there was a significant increase in the
four yield parameters and SPAD .

REFERENCES

Andruszczak S., 2017. Reaction of winter spelt cultivars to redu-
ced tillage system and chemical plant protection. Zemdirby-
ste, 104(1): 15-22, doi: 10.13080/z-a2.2017.104.003.

Bonafaccia G., Galli V., Francisci R., Mairi V., Skarabanja
V.1, Kreft L., 2000. Characteristics of spelt wheat products
and nutritional value of spelt wheat-based bread. Food Che-
mistry, 68: 437-441, doi: 10.1016/S0308-8146(99)00215-0.

Bottinelli N., Hallaire V., Menasseri-Aubry S., Le Guillou C.,
Cluzeau D., 2010. Abundance and stability of belowground
earthworm casts influenced by tillage intensity and depth.
Soil and Tillage Research, 106: 263-267, doi: 10.1016/j.
still.2009.11.005.

Bujak H., Tratwal G., Weber R., Kaczmarek J., Gacek E.,
2013. An analysis of spatial similarity in the variability of
yields of winter wheat (Triticum aestivum L.) cultivars in
Western Poland. Zemdirbyste-Agriculture, 100(3): 311-316,
doi: 10.13080/z-a.2013.100.040.

Burgos St., Stamp P., Schmid J.E., 2001. Agronomic and
physiological study of cold and flooding tolerance of spelt
(Triticum spelta L.) and wheat (Triticum aestivum L.). Jo-
urnal of Agronomy and Crop Science, 187(3): 195-202,
doi: 10.1046/j.1439-037x.2001.00516.x.



18 Polish Journal of Agronomy, No. 41, 2020

Capouchova 1., 2001. Technological quality of spelt (7riticum
spelta L.) from ecological growing system. Scientia Agricul-
turaec Bohemica, 32: 307-322.

COBORU, 2018. Polish National List of Agricultural Plant Va-
rieties 2018. Ed. Research Centre for Cultivar Testing, Stupia
Wielka.

D’Haene K., Vermang J., Cornelis W.M., Leroy B.L.M.,
Schiettecatte W., De Neve S., Gabriels D., Hofman G.,
2008. Reduced tillage effects on physical properties of silt
loam soils growing root crops. Soil and Tillage Research, 99:
279-290, doi: 10.1016/j.stil1.2008.03.003.

De Vita P., Di Paolo E., Fecondo G., Di Fonzo N., Pisante M.,
2007. No-tillage and conventional tillage effects on durum
wheat yield, grain quality, and soil moisture content in south-
ern Italy. Soil and Tillage Research, 92: 69-78, doi: 10.1016/j.
still.2006.01.012.

Gibezynska M,. Bural G., Mocarski N., 2002. Assay of ex-
changeable cation content in soil of an ecological and con-
ventional farm. Folia Universitatis Agriculturae Stetinensis
Agricultura, 226(90): 43-50.

Gonzalez A., Martin L., Ayerbe L., 2007. Response of bar-
ley genotypes to terminal soil moisture stress: phenology,
growth, and yield. Australian Journal of Agricultural Re-
search, 58(1): 29-37, doi: 10.1071/AR06026.

Haliniarz M., Gaweda D., Bujak K., Frant M., Kwiatkowski
C., 2013. Yield of winter wheat depending on the tillage sys-
tem and level of mineral fertilization. Acta Scientiarum Polo-
norum, Agricultura, 12(4): 59-72.

Hasan ML.N., Khaliq Q.A., Mia M.A.B., Bari M.N., Islam
M.R., 2016. Chlorophyll meter-based dynamic nitrogen ma-
nagement in wheat (7riticum aestivum L.) under subtropical
environment. Current Agriculture Research Journal, 4(1): 54-
61, doi: http://dx.doi.org/10.12944/CARJ.4.1.05.

Islam M.R., Haque K.M.S., Akter N., Karim M.A., 2014. Leaf
chlorophyll dynamics in wheat based on SPAD meter reading
and its relationship with grain yield. Scientia Agriculturae,
8(1): 13-18, doi: 10.15192/PSCP.SA.2014.4.1.1318.

TUSS Working Group WRB, 2015. World Reference Base for Soil
Resources 2014, update 2015. International soil classification
system for naming soils and creating legends for soil maps.
World Soil Resources Reports No. 106. FAO, Rome.

Jarecki W., Bobrecka-Jamro D., Jarecka A., 2016. Reaction of
spring wheat to differentiated nitrogen fertilization and foliar
feeding. Acta Agrophysica, 23(1): 39-50. [in Polish].

Kolodziejezyk M., Szmigiel A., Kulig B., 2012. Plonowanie
pszenicy jarej w warunkach zréznicowanego nawozenia azo-
tem oraz stosowania mikrobiologicznych preparatow popra-
wiajacych wlasciwosci gleby. Fragmenta Agronomica, 29(1):
60-69.

Konvalina P., Capouchova 1., Stehno Z., Moudry J., 2012.
Differences in yield parameters of emmer in comparison with
old and new varieties of bread wheat. African Journal of Agri-
cultural Research, 7(6): 986-992, doi: 10.5897/AJAR10.644.

Koutroubas S.D., Fotiadis S., Damalas Ch.A., 2012. Biomass
and nitrogen accumulation and translocation in spelt (7riti-
cum spelta) grown in a Mediterranean area. Field Crops Re-
search, 127: 1-8, doi: 10.1016/j.fcr.2011.10.011.

Lacko-Bartosova M., Otepka P., 2001. Quantitative characters
and chemical composition of spelt wheat cultivars grown
in Southern Slovakia. Acta fytotechnica et zootechnica, 4:
71-73.

Lacko-Bartosova M., Korczyk-Szabé J., Razny R., 2010. Triti-
cum spelta — a specialty grain for ecological farming systems.
Research Journal of Agricultural Science, 42(1): 143-147.

Linina A., Ruza A. 2018. The influence of cultivar, weather
conditions and nitrogen fertilizer on winter wheat grain
yield. Agronomy Research, 16(1): 147-156, doi: 10.15159/
AR.18.034.

Litke L., Gaile Z., Ruza A., 2017. Nitrogen fertilizer influence
on winter wheat yield and yield components depending on
soil tillage and forecrop. Research for Rural Development,
2:54-61.

Liu D.D., Shi Y., 2013. Effects of different nitrogen fertilizer
on quality and yield in winter wheat. Advance Journal of
Food Science and Technology, 5: 646-649, doi: 10.19026/
ajfst.5.3141.

Ma G., Liu W, Li S., Zhang P., Wang C., Lu H., Wang L.,
Xie Y., Ma D., Kang G., 2019. Determining the Optimal N
Input to Improve Grain Yield and Quality in Winter Wheat
With Reduced Apparent N Loss in the North China Plain.
Frontiers in Plant Science, 22 February 2019, doi: 10.3389/
pls.2019.00181.

Maiti D., Das D.K., Karak T., Banerjee M., 2004. Manage-
ment of nitrogen through the use of Leaf Colour Chart (LCC)
and Soil Plant Analysis Development (SPAD) or chlorophyll
meter in rice under irrigated ecosystem. The Scientific World
Journal, 4: 838-846, doi: 10.1100/tsw.2004.137 .

Malecka I., Blecharczyk A., 2008. Effect of tillage systems,
mulches and nitrogen fertilization on spring barley (Hordeum
vulgare). Agronomy Research, 6(2): 517-529.

Melaj M.A., Echeverria H.E., Léopez S.C., Studdert G., An-
drade F., Barbaro N.O., 2003. Timing of nitrogen fer-
tilization in wheat under conventional and no-tillage sys-
tem. Agronomy Journal, 95: 1525-1531, doi: 10.2134/
agronj2003.1525.

Mickey R.M., Dunn O.J., Clark V.A., 2004. Applied statistics:
Analysis of variance and regression. New Jersey, Ed. John
Wiley and Sons, 448 pp., ISBN: 978-0-471-37038-3.

Mielke H., Rodemann B., 2007. Der Dinkel, eine besondere We-
izenart-Anbau, Pflanzenschutz, Ernte und Verarbeitung. Na-
chrichtenblatt des Deutschen Pflanzenschutzdienstes, 59(2):
40-45.

Mikos M., Podolska G., 2012. Bread-making quality of old
common bread (Triticum aestivum ssp. vulgare L.) and spelt
(Triticum aestivum ssp. spelta L.) wheat cultivars. Journal of
Food Agriculture & Environment, 10: 221-224.

Morris N.L., Miller P.C.H., Orson J.H., Froud-Williams R.J.,
2010. The adoption of non-inversion tillage systems in the
United Kingdom and the agronomic impact on soil, crops and
the environment: A review. Soil and Tillage Research, 108:
1-15, doi: 10.1016/].5ti11.2010.03.004.

Naderi R., Ghadiri H., Karimian N., 2012. Evaluation of SPAD
meter as a tool for N fertilization of rapeseed (Brassica napus
L.). Plant Knowledge Journal, 1: 16-19.

Onishi I., Hongo A., Sasakuma T., Tawahara T., Kato K., Miu-
ra H., 2006. Variation and segregation for rachis fragility in
spelt wheat, Triticum spelta L. Genetics Resources and Crop
Evolution, 53: 985-992, doi: 10.1007/s10722-004-7068-y.

Ozpinar S., 2006. Effects of tillage systems on weed population
and economics for winter wheat production under the Medi-
terranean dry land conditions. Soil and Tillage Research, 87:
1-8, doi: 10.1016/j.5ti11.2005.02.024.



G. Hury et al. — The effect of tillage system and nitrogen fertilization on yield and yield components of winter spelt ... 19

Peigné J., 2014. Wheat yield and quality as influenced by re-
duced tillage in organic farming. Organic Agriculture, 4(1):
1-13, doi: 10.1007/s13165-013-0055-x.

Puzynski S., Stankowski S., Puzynska K., Iwanski R., Wia-
necki M., Biel W., 2015. Impact of weed control method and
sowing density on yielding of selected winter spelt (7riticum
spelta L.) cultivars. Folia Pomeranae Universitatis Technolo-
giae Stetinensis, Agricultura, 322(36)4: 103-112.

Rachon L., Szumilto G., Bobryk-Mamczarz A., 2018. Compari-
son of productivity of hulled and naked spring wheat culti-
vars in relation to intensification of cultivation technology.
Polish Journal of Agronomy, 35: 65-71, doi: 10.26114/pja.
iung.362.2018.35.08. [in Polish]

Rozbicki J., Ceglinska A., Gozdowski D., Jakubczak M.,
Cacak-Pietrzak G., Madry W., Golba J., Piechocinski M.,
Sobezynski G., Studnicki M., Drzazga T., 2015. Influence
of the cultivar, environment and management on the grain
yield and bread-making quality in winter wheat. Journal
of Cereal Science, 61: 126-132, doi: 10.1016/j.jcs.2014.
11.001.

Riiegger A., Winzeler H., 1993. Performance of spelt (7riticum
spelta L.) and wheat (Triticum aestivum L.) at two different
seeding rates and nitrogen levels under contrasting environ-
mental conditions. Journal of Agronomy and Crop Science,
170: 289-295, doi: 10.1111/7.1439-037X.1993.tb01088 .x.

Schober T.J., Bean S.R., Kuhn M., 2006. Gluten proteins from
spelt (Triticum aestivum ssp. spelta) cultivars: A rheologi-
cal and size-exclusion high-performance liquid chromatog-
raphy study. Journal of Cereal Science, 44(2): 161-173, doi:
10.1016/j.j¢s.2006.05.007.

Sliesaravicius A., Pekarskas J., Rutkoviené V., Baranauskis
K., 2006. Grain yield and disease resistance of winter cereal
varieties and application of biological agent in organic agri-
culture. Agronomy Research, 4 (special issue): 371-378.

Sobezyk M., 2019. Statystyka. Wyd. Nauk. PWN, Warszawa.
380 pp.

Stepien A., Wojtkowiak K., Orzech K., Wiktorski A., 2016.
Nutritional and technological characteristics of common and
spelt wheats are affected by mineral fertilizer and organic
stimulator NANO-GRO. Acta Scientiarum Polonorum, Ag-
ricultura, 15(2): 49-63.

Stosi¢ M., Brozovi¢ B., Tadi¢ V., StipeSevié¢ B., Jug D., 2017.
Effect of soil tillage and nitrogen fertilization treatments on
winter wheat grain yield. Romanian Agricultural Research.
34:105-11.

Stosi¢ M., 2012. Influence of reduced soil tillage and nitrogen
fertilization at winter wheat and soybean grain yields at Ba-
ranya hipogley soil type. Doctoral thesis, Faculty of Agricul-
ture, Osijek, Croatia: 205 pp.

Sulek A., Wyzinska M., Cacak-Pietrzak G., 2019. Impact of
tillage on yield and quality traits of grains of spring wheat cul-
tivars. pp. 600-606. 18th International Scientific Conference,
Engineering for rural development, Jelgava, 22.-24.05.2019,
doi: 10.22616/ERDev2019.18.N277.

Tolessa D., Du Preez C.C., Ceronio G.M., 2007. Effect
of tillage system and nitrogen fertilization on yield and
yield components of maize in Western Ethiopia. South
African Journal of Plant and Soil, 24(2): 63-69, doi:
10.1080/02571862.2007.10634783.

Vitousek P.M., Naylor R., Crews T., David M.B., Drinkwater
L.E., Holland E., Johnes P.J., Katzenberger J., Martinelli
L.A., Matson P.A., Nziguheba G., Ojima D., Palm C.A.,
Robertson G.P., Sanchez P.A., Towsend A.R., Zhang F.S.,
2009. Nutrient imbalances in agricultural development. Sci-
ence, 324: 1519-1520, doi: 10.1126/science.1170261.

Wang D., Xu Z., Zhao J., Wang Y., Yu Z., 2011. Excessive
nitrogen application decreases grain yield and increases ni-
trogen loss in a wheat soil system. Acta Agriculturae Scan-
dinavica, 61: 681-692, doi: 10.1080/09064710.2010.534108.

Wanic M., Denert M., Treder K., 2019. Effect of forecrops
on the yield and quality of common wheat and spelt wheat
grain. Journal of Elementology, 24(1): 369-383, doi: 10.5601/
jelem.2018.23.1.1585.

Weber R., Zalewski D., Kaczmarek J., 2009. Variability analy-
sis of thousand-grain weight of winter wheat varieties on the
postregistration experiments (PDO) in Lower Silesia. Biule-
tyn Instytutu Hodowli i Aklimatyzacji Roslin, 253: 59-70.

Yan Y., Hsam S.L.K., Yu J.Z., Jiang Y., Ohtsuka L., Zeller F.J.,
2003. HMW and LMW glutenin alleles among putative tet-
raploid and hexaploid European spelt wheat (7riticum spelta
L.) progenitors. Theoretical and Applied Genetics, 107:
1321-1330, doi: 10.1007/s00122-003-1315-z.

Zhu J., Tremblay N., Liang Y., 2012. Comparing SPAD and at
LEAF values for chlorophyll assessment in crop species. Ca-
nadian Journal of Soil Science, 92: 645-648, doi: 10.4141/
¢jss2011-100.

Zuk-Golaszewska K., Kurowski T., Zatuski D., Sadowska M.,
Golaszewski J., 2015. Physio-agronomic performance of
spring cultivars 7. aestivum and T. spelta grown in organic
farming system. International Journal of Plant Production,
9(2): 211-236, doi: 10.22069/1JPP.2015.2063.

Author
Grzegorz Hury

ORCID
0000-0002-6189-6563
0000-0001-8607-7591
0000-0003-1755-4125
0000-0002-6832-3688
0000-0002-9476-6597

Stawomir Stankowski
Anna Jaroszewska
Bozena Michalska
Marzena Gibczynska

received — 14 January 2020
revised — 29 April 2020
accepted — 6 May 2020

© DO

BY SA

(CC BY-SA) license (http://creativecommons.org/licenses/by/4.0/).

This article is an open access article distributed under the terms and conditions of the Creative Commons Attribution-ShareAlike



