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Determination of chlorophyll and carotenoid content is an important way of obtaining information about the plant's photosynthetic
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activity as well as an indirect method of assessing the productivity of plant crops, particularly grain crops. The objective of this study was
to evaluate the role of chlorophyll and carotenoid in the productivity formation of emmer wheat (7riticum dicoccum (Schrank.) Schuebl)
grown under the traditional and organic farming systems and the different pre-sowing seed treatment methods. The base indicators of the
photosynthetic apparatus (chlorophyll and carotenoid content, ratio of photosynthetic pigments) were evaluated in the emmer wheat
plants as a function of the cultivation technology and pre-sowing seed treatment. The cultivation of the emmer wheat under organic
technology was carried out in crop rotation: winter rye — mustard — 7. dicoccum wheat. The pre-sowing seed treatment in the traditional
technology of emmer wheat cultivation was carried out only by the UV-C irradiation. In the organic technology, both UV-C irradiation
and treatment with humic preparation of natural origin “Ir Seed Treatment” were used. The content of chlorophyll a (by 9.2%) and
chlorophyll 5 (by 14.5%) increased in the emmer wheat plants under the organic technology cultivation compared to the traditional
technology, but with the same method of seed treatment (UV-C irradiation). As a result, the yield increase was 21.0%. The application of
the “Ir Seed Treatment” humic preparation in the pre-sowing seed treatment led to the increase in yield by ~ 8.0% compared to the plots
with UV-C irradiation seeds treatment under organic farming cultivation. An inverse correlation between the ratio of chlorophyll o/
chlorophyll 4 and the crop yield has been established. The evaluation of economic indicators of the emmer wheat cultivation in the rota-
tion: winter rye-mustard-emmer wheat under organic farming technology, proved its high profitability. So, the photosynthetic pigments’
content and their ratio can be used as the indicators of the efficiency of the introduced elements of agrotechnologies and for predicting

future yields.
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Introduction

In Ukrainian agricultural production and that of most countries of the
world, grain is the most important crop group from the economic and
agronomic point of view (Tsyliuryk et al., 2017; Tkalich et al., 2020).
Recently, the tendency of people to consume natural food has led agro-
nomists to turn to sustainable agriculture and to revive the so-called “an-
cient wheats”.

Triticum dicoccum (Schrank) Schuebl, tetraploid emmer wheat is an
ancient grain crop and one of the earliest Triticae domesticated by human-
kind. But over the centuries, emmer wheat has gradually moved to the
background because of the competition with more productive hybrid hard
wheat cultivars. Only in the early 2000s, did this crop cultivation began to
recover worldwide due to the increasing consumer demand for natural and
traditional food and the interest of scientists in emmer wheat as a gene
reservoir of many agronomic and nutritional traits of important commer-
cial significance (Lacko-Bartosova & Cumng, 2015b). However, the mo-
demn nutrition structure of the Ukrainian population still does not meet
modern concepts of rational nutrition due to the insufficient amount of
natural products containing native food protein, food fibers and necessary
micronutrients. Emmer wheat (7riticum dicoccum Schrank) can be consi-
dered a promising raw material to produce of high-quality bakery pro-
ducts, because it contains a significant amount of protein and other essen-
tial nutrients. In addition, emmer wheat is adapted for cultivation in
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organic farming. Nowadays, emmer wheat (7. dicoccum) is cultivated by
organic farmers in many Central European countries (Koutis, 2015; Arza-
ni & Muhamad, 2017; Cuma & Lacko-BartoSova, 2017). Various re-
search on chemical composition showed that emmer wheat is high in
protein (13.5-19.1%), starch (55.4-73.3%), dietary fibre (10.0-12.0%),
lipids (2.4-3.0%) and total tocopherols (19.7-69.9 mg/g) (Curné & Lack-
o-BartoSova, 2017). In emmer wheat grain the selenium content (58.9—
68.4 nglke), total polyphenols (584-692 mg/kg) (Lachman et al,, 2011),
the main macroelements P (5.1 g/kg) and K (4.4 g/kg) and microelements
Zn (54 mg/kg), Fe (49 mg/kg) and Mn (24 mg/kg) (Suchowilska et al.,
2012) proved to be quite high.

In this context, the demand for grain of this crop has been increasing
rapidly over the last 20 years and is predicted to increase by about 5.0%
annually. Unfortunately, today the share of emmer wheat in the world
wheat production is only about 1.0% (Peng et al., 2011).

Emmer wheat was proved to be a profitable crop if grown on mar-
ginal areas and under sustainable and organic farming conditions, whereas
modemn wheat types cannot reach their full productive potential because
they have been genetically selected for favourable climatic and agronomic
conditions. Emmer wheat is not considered suitable for very high rates of
nitrogen fertilizer application, as this would lead to severe lodging and
subsequent spike damage, poor grain filling and subsequent yield loss.
Emmer wheat cultivars are characterized by good nutrient uptake (the root
system is able to absorb nitrogen better), high level of competitiveness to
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weeds, resistance to discases and pests, resistance and tolerance to
drought. Only under these conditions, is the cultivation of emmer wheat
justified and its agronomic characteristics — yields — cost-effective com-
pared to the modern wheat varieties (Lacko-BartoSova & Curna, 2015a).

As is well known, organic farming suggests using the biological fac-
tors to increase natural soil fertility (Gorban et al., 2021), agro-ecological
methods and biological means of pest and disease control, creating condi-
tions for the biodiversity conservation (Heckman, 2006). In organic farm-
ing, a positive humus balance is formed, primarily through the complete
return of by-products to the soil and the maximum saturation of crop
rotations with intermediate green manure. In organic farming rotations
built under such conditions, a stable ecological balance of agrocenoses is
achieved over time (Khalep & Moskalenko, 2020).

However, despite the many advantages of organic farming over tradi-
tional farming (Cristache et al., 2018), modem farmers are in no hurry to
implement it in practice due to various factors, including financial, in spite
of the experience of implementing such a system in grain crop cultivation
(Riar et al., 2017). Also, in order to achieve a sustainable competitiveness
level of organic production, it is necessary to provide an appropriate pri-
cing mechanism for its operation, as practiced in many countries (Forster
etal,, 2013; Crowder & Reganold, 2015).

The increasing demand for this wheat type in the world requires im-
provements in the cultivation technologies in order to obtain quality grain
depending on the crop technological properties, soil and climatic condi-
tions and agricultural technology elements. This is why emmer wheat
cultivation is more and more turning to organic farming, which can pro-
vide ecologically sound and biologically valuable products (Lialina &
Matviienko-Biliaieva, 2019).

In our previous study, a technological scheme of the emmer wheat
cultivation according to the organic farming system was presented. It was
found that the yield increase obtained under this cultivation technology is
due to the accumulation of the plant nutrition main elements in the soil,
which remain after the green manure and are involved in the soil absor-
bing complex (Chaika et al., 2021). However, this is not the only indicator
of agro-technology that can affect the productivity formation under the
organic method of crop cultivation. Effective methods of pre-sowing seed
treatment are important. The large number of agrotechnological compo-
nents, the complex system of their regulation and the influence of envi-
ronmental factors significantly complicate the identification of traits asso-
ciated with the high productivity formation of wheat plants under both
traditional and organic farming technology. Although plant growth is
controlled by many physiological, biochemical and molecular processes,
photosynthesis is the key one. The nutrients that are formed and accumu-
lated in the soil play a fundamental role in the structural and functional
components of the photosynthetic apparatus, and the optimal supply of
nutrients is important for the biosynthesis of photosynthetic pigment’ in
plants (Cai et al., 2008).

In-depth discussions on the effect of photosynthesis on grain yield in-
crease have been going on for a long time. Some scientists suggest that
enhanced photosynthetic capacity of leaves provides the yield improve-
ment (Long et al., 2015; Ren et al., 2016), while others argue that there is a
little correlation between increased photosynthesis and crop yield (Driever
etal,, 2014).

The aim of our work was to study the impact of pre-sowing seed
treatment methods on the photosynthetic pigments content and emmer
wheat productivity formation under the traditional and organic cultivation
technologies.

Materials and methods

Field experiments were carried out during 20192021 on low-humus
heavy-loamy black soil, whose condition corresponds to the “virgin lands”
criterion in Poltava Region (Ukraine). The total area of the experimental
plot was 25 ha, the recording area was 1 ha. A field experiment was set up
according to a randomized block design, in three replications.

The emmer wheat Holikovska cultivar, selected by the Plant Produc-
tion Institute named after V. Y. Yuriev Ukraine National Academy of
Agrarian Sciences, was chosen for the research. Emmer wheat was culti-
vated under organic farming technology in crop rotation: winter rye —
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mustard — 70 dicoccum wheat without fertilization and any chemical
treatment. In organic technology cultivation, the preparation of humic
nature “St SoilBoost” (SoilBiotics company), which contains 84.2% of
humic acids, was used for the crop's treatment.

Two agrochemical backgrounds were studied: 1 — carbamide-ammo-
nia mixture (CAM) (traditional cultivation technology); 2 — no fertilizers
(organic farming technology). Carbamide-ammonia mixture was applied
at the beginning of the growing season at a dose of 40 kg of active sub-
stance per hectare. Yields of mustard and emmer wheat as organic pro-
ducts were measured at the stage of “full ripening” recalculated to a hu-
midity of 14.0%.

Pre-sowing seed treatment in traditional technology was carried out
by UV-C (200280 nm) irradiation with a quartz glass lamp ZW20D15W
(Jiangyin Feiyang Instrument Co., Ltd) with a capacity of 20 W at a dose
of 250 J/m? according to the method (Semenov et al., 2020). Two variants
of pre-sowing seed treatment were used in organic farming technology:
1 — UV-C irradiation at a dose of 250 J/m? (similar to the traditional one);
2 — seed treatment with the “1r Seed Treatment” natural humic prepara-
tion at the rate of 2.0 L/t seed. “Ir Seed Treatment” is the humic prepara-
tion, based on humic, fulvic and ulminic acids derived from Leonardite,
and contains 20% of active substance: 10% — humic acids, 3% — fulvic
acids, 1% — ulminic acids and approximately 6% of a complex of macro-
and microelements: N — 0.21%, P — 0.01%, P,Os — 0.02%, K — 2.29%,
K;0-2.76%, S —0.17%, Mg — 0.04%, Ca—0.34%, Na—0.07%.

The material for the determination of photosynthetic pigments was
processed in the fresh state immediately after collection. The photosyn-
thetic pigments content  was quantifiedusing0.5 g of plant material.
The pigments were extracted with 96.0% ethanol. The content of chloro-
phyll a, chlorophyll » and carotenoids in flag leaf of emmer wheat was
measured according to the method (Wellburn, 1994) also as the authors of
the study (Zhang et al., 2021). The absorbance was read at the absorption
maximum of chlorophyll @ — 665 nm, chlorophyll » — 649 nm, caroteno-
ids — 470 nm using Spectrophotometer UNICO 1201 (United Products
and Instruments, CIIIA). The photosynthetic pigments’ content was ex-
pressed in pg/g fresh weights of leaf tissue.

The economic efficiency of the proposed crop rotation was analyzed
by calculating the costs, considering the full works mechanization accor-
ding to the technological schemes developed by us (Chaika et al., 2021).
To ensure the reliability of economic calculations, the diesel and seed cost
throughout the research years is given at wholesale domestic prices as of
01.08.2022.

The obtained experimental results were statistically analyzed in Statis-
tica 8.0 (StatSoft Inc., USA) software. The data in Table 1 is presented as
x & SD (mean = standard deviation). Differences between the values in the
experimental variants were determined using the Tukey test and consi-
dered reliable at P < 0.05.

Results

In the present research, the effect of different variants of pre-sowing
seed treatment on the photosynthetic pigments content — chlorophyll a,
chlorophyll b and carotenoids at different technologies of emmer wheat
cultivation was studied. The averaged results of a three-year evaluation of
investigated parameters are shown in Table 1.

The pigments content of wheat plants was significantly influenced by
the organic cultivation technology, resulting in an increase in total content
of chlorophyll (a + b) of ~10.0% compared to the traditional technology
followed by the yield increase (Table 1).

However, the photosynthetic pigment level in wheat plants differed
significantly not only depending on the cultivation technologies, but also
on the pre-sowing seed treatment methods. Thus, comparing the concen-
tration of chlorophyll a, chlorophyll » and carotenoids by the traditional
and organic cultivation technologies, but with the same method of seed
treatment (UV-C irradiation) showed an increase in chlorophyll a concen-
tration by 9.2%, chlorophyll b by 14.5% and decrease in carotenoid con-
tent by 14.9% in the emmer wheat plants cultivated under the organic
technology. The yield under the traditional technology was 4.26 t/ha and
under the organic technology — 5.17 tha, ie., the yields increased by
21.4%.

Regul. Mech. Biosyst., 2023, 14(1)



Table 1

Photosynthetic pigment content in emmer wheat plants with different technologies of cultivation (x £ SD, n= 20)

Chlorophyll .
Technology 2 b a+h . Carotenoids (¢) @+bye  Yield tha
mg/g of raw weight of leaves mg/g of raw weight of leaves
Traditional (UV-C) 273+0.14"  145+006° 4.18+0.50° 1.88 0.54+001° 774 426
Organic (UV-C) 2984015 1.66+007 4.64+055 1.79 047+001° 9.87 517
Organic (Ir Seed Treatment) 2914015  174+007° 465+056° 1.67 0.59+0.01° 788 5.58

Note: letters * and ° indicate values which reliably differed one from another within one line of table according to the results of comparison using Tukey test (P < 0.05) with Bon-

ferroni correction.

Statistical analysis of the data obtained confirmed the relationship bet-
ween the yield and chlorophyll a and chlorophyll & content with appropri-
ate correlation coefficients. We established an average direct correlation
between chlorophyll a concentration and yield at the traditional (r = 0.603)
and organic cultivation technology (r = 0.533). At the same time, a direct
correlation between chlorophyll 5 concentration and the yield with strong
relationship at the organic technology (r = 0.999), and a weak relationship
at the traditional technology (r = 0.317) was observed (Fig. 1a). An ave-
rage and strong inverse dependence between carotenoid concentration and
the yield with the correlation coefficients of r = —0.577 and r=—0.999,
respectively, was observed at the traditional (Fig. 1b) and organic cultiva-
tion technology (Fig. 2b).
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Fig. 1. Graphs of quadratic regression of emmer wheat yield from:
a—chlorophyll @ (Chl a) and chlorophyll b (Chl ) content; 5 — chloro-
phyll @/b (Chl a/b) ratio and carotenoid (Car) content according to
traditional cultivation technology (UV-C seed treatment); n=20

The application of different methods of pre-sowing seed treatment
under organic farming technology also affected the chlorophyll and caro-
tenoids’ content. The seed treatment with “Ir Seed Treatment” humic
preparation caused some changes in the pigment composition of wheat
plants: chlorophyll a content decreased by 2.4%, chlorophyll b content
increased by 5.0%, and carotenoid content increased by 25.5% compared
to the plants grown from the UV-C irradiated seeds. The yield as result of

the UV-C seed treatment was 5.17 tha, and with “Ir Seed Treatment”
was 5.58 t/ha, i.e., the yield increase was ~8.0%.
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Fig. 2. Graphs of linear regression (@) of emmer wheat yield from chloro-
phyll @ (Chl @) and chlorophyll & (Chl b) content and quadratic regression
(b) from chlorophyll /b (Chl a/b) ratio and carotenoid (Car) content ac-
cording to organic cultivation technology (UV-C seed treatment); n=20

The correlation coefficients between chlorophyll a and chlorophyll &
content and wheat yield under the organic technology with pre-sowing
seed treatment by the “Ir Seed Treatment” preparation are r = 0.994 and

r=0.998, respectively (Fig. 3a). This indicates a strong direct relationship.
However, an inverse dependence between carotenoid content and yield
with the correlation coefficient r = 0.593 was found for this cultivation
technology (Fig. 3b).

Particularly important is the analysis of the chlorophyll a/b ratio,
which is one of the main indicators of the carbon dioxide assimilation
process in plants. Chlorophyll a/b ratio in the pigment's composition of
emmer wheat plants under the organic farming is lower by 4.8% com-
pared to traditional technology with the same method of seed preparation

Regul. Mech. Biosyst., 2023, 14(1)
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(UV-C irradiation). Using “Ir Seed Treatment” humic preparation in pre-
sowing seed treatment under the organic farming technology, the chloro-
phyll a/b ratio is reduced by 11.2% compared to the traditional technology
with UV-C seed irradiation.
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R? = 0.9997
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Fig. 3. Graphs of linear regression of emmer wheat yield from:
a— chlorophyll a (Chl ) and chlorophyll 5 (Chl b) content; b — chloro-
phyll a/b (Chl a/b) ratio and carotenoid (Car) content under the organic
farming technology (“1r Seed Treatment”); n=20
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This ratio decrease was caused by a successive increase in the chloro-
phyll b content by 14.5% (UV-C seed irradiation) and 20.0% (“1r Seed
Treatment”) ie., chlorophyll 5 concentration in emmer wheat plants
changed more than chlorophyll @ concentration under the influence of pre-
sowing seed treatment.

A reduction of the chlorophyll a/b ratio correlated with a significant
increase in the emmer wheat yield. Under the traditional technology culti-
vation, this ratio was 1.88 (yield 4.26 t/ha), and under organic technology
it decreased to 1.79 (i.e., by 4.8%) with the same method of pre-sowing
seed treatment (UV-C) and the yield increased by 21.0%.

In the organic farming technology with pre-sowing seed prepara-
tion by “Ir Seed Treatment”, chlorophyll a/b ratio decreased to 1.67
(ie., 11.2%), and the yield increased by 31.0% compared to the tradi-
tional one. The inverse relationship found between chlorophyll a/b ratio
and the wheat yield was statistically confirmed by the correlation coeffi-
cients: under the traditional technology cultivation with UV-C seed
irradiation — r=—0.028; under the organic technology with UV-C seed
irradiation — r = 0.048; under the organic technology with “Ir Seed
Treatment” —r=-0.967.

Thus, the chlorophyll (@ + b)/carotenoid ratio increased by 27.1% due
to an increase in chlorophyll b concentration by 14.5% and a decrease in
carotenoid concentration by 14.9% in the pigment composition of wheat
plants grown under the organic farming technology in comparison with
the plants grown at the traditional technology with the same method of
pre-sowing seed treatment (UV-C).

However, when using various methods of pre-sowing seed treatment
in organic farming technology, a decrease in chlorophyll (@ + b) / carote-
noid ratio by 20.2% was observed, mainly due to an increase in the chlo-
rophyll b concentration by 4.8% and carotenoid concentration by 25.5%
in the pigment composition of wheat plants grown from seeds treated with
a humic preparation solution. Yields increased by ~8.0%.

The organic farming technology of emmer wheat cultivation in the
proposed crop rotation included: winter rye — mustard — 7. dicoccum
wheat without fertilization and any chemical treatment.

1st year — cultivation of winter rye Synthetic cultivar Ukrainian selec-
tion for green manure, taking into account the requirements of organic
farming. The main technological operations included: soil tillage (harro-
wing, cultivation), seed sowing at the rate of 250 kg/ha, treatment of crops
with biopreparation “Sr Soil Boost EA”, cultivation of green manure.
The production costs of cultivation were € 3,027.7. The structure of the
main production costs is shown in Figure 4.

T I
‘Wages Biologics Diesel
Firs year - winter rye (green manure)

Second year - organic mustard

=
IF‘:_‘ 1 =
Seed Humic preraration Lamp (UV-C)
("1r Seed Treatment")  irradiation

Third year - T. dicoccum wheat organic (UV-C)
Third year - T. dicoccum wheat organic ("It Seed Treatment")

Fig. 4. The structure of emmer wheat production costs under the organic technology cultivation by the rotation: winter rye —mustard — 7. dicoccum wheat

As can be seen, the largest expenses in the total production costs were
for the seed purchase (€ 1.709, the domestic price of 1 ton of winter rye
seed Synthetic cultivar was € 273.45) and diesel (€ 901, the domestic price
of 1 liter was € 0.9). In total, the financial costs in the first year were

€3,614 (144.6 €/ha), including an unforeseen costs of 20.0%. As envi-
saged, the producer cannot make a profit in the first year, since the role of
winter rye as a green manure crop is to improve soil structure and proper-
ties by accumulating basic nutrients in the system of the crop root canals,
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which will reduce tillage costs in the following year. 2nd year — cultivation
of blue mustard Prima cultivar to improve the phytosanitary field condi-
tion and the soil organic matter indicators thanks to the involvement of a
significant amount of crop residues into the soil-absorbing complex after
crop cultivation. The main technological operations were adjusted to pro-
duce yields and included: soil tillage before seed sowing (cultivation,
crops rolling), sowing mustard seed at the rate of 1.5 million pcs/ha
(16 kg/ha), harrowing before shoots emergence, harrowing on shoots,
treatment of crops with biological preparations and harvesting.

The structure of the main production costs for growing of blue mus-
tard Prima cultivar by the organic technology is presented in Figure 4.
The largest share of the costs is the diesel cost—€ 923.3. The share of seed
costs (the cost of 1 ton of mustard seed Prima cultivar on the domestic
market is € 836.4) in the total production cost is 19.4% or € 334.6, which
is almost 5 times lower than the winter rye seed cost because of the lower
seeding rate. Cost of “5r Soil Boost EA” biopreparation for the mustard
canopy treatment amount to € 438.9 (18.7%). Thus, the production costs
for mustard cultivation amount to € 1,722.8, and considering unforeseen
factors, the total costs are € 2,038.7 or 81.5 €/ha.

An important result of the introduced technology and justification of
the production costs at end of the second year is a yield of up to 2.0 tha of
organic mustard Prima cultivar. The producer will gain up to € 77,200,
considering the domestic price of organic mustard seed (3.1 €/kg) and the
yield of 25 ha (50 t/ha), and the sale of the product at a price of even
1.54 €/kg.

3rd year — cultivation of emmer wheat Holikovska cultivar. After har-
vesting mustard, the crop residues were processed, and disking of stubble
was carried out. Emmer wheat Holikovska cultivar was sown at a rate of
4.5 million pes/ha (200 kg/ha) into the soil prepared in this way. This was
followed by harrowing and fertilizing with biopreparation twice: in au-
tumn at the “tillering” stage and in spring at the “stem elongation” stage.
The crop was harvested at the stage of “full grain ripening”.

The main production costs for growing emmer wheat Holikovska
cultivar by the organic technology according to different methods of pre-
sowing seed treatment are shown in Fig. 4. Seed costs accounted for the
biggest share — over 53.0% (€ 2,412.8) in the structure of costs, based on
the seeding rate (200 kg/ha, the cost of 1 ton of emmer wheat seeds —
€482.5). The emmer wheat seeds costs on the domestic market at this
seeding rate exceeded the cost of winter rye and mustard seed combined
by 15.0%. The technological process of emmer wheat cultivation requires
1150 L of diesel which is slightly higher than the costs of winter rye
(1000 L) and mustard (1025 L).

Considering the different methods of pre-sowing seed treatment, ad-
ditional costs were made for: 4 lamps for UV-C irradiation at € 77.5
each— € 310; “Ir Seed Treatment” humic preparation — € 86 for 16.5 L
per 200 kg of seed. So, taking into account unforeseen cost (20.0%), the
total production costs for growing emmer wheat by the organic technolo-
gy were: with UV-C seed irradiation — € 5,426.4 (217 €/ha), with treat-
ment by “Ir Seed Treatment” humic preparation — € 5,157.6 (206 €/ha).

The potential yield of emmer wheat Holikovska cultivar is 5.00 t/ha.
The traditional cultivation technology provided the yield of 4.26 tha.
The introduction of the organic cultivation technology increased the yield
to 5.17 t/ha (with UV-C pre-sowing seed treatment) and to 5.58 t/ha (with
pre-sowing seed treatment by “Ir Seed Treatment”). The price of organic
emmer wheat on the domestic market varies between 8.4 €/kg. Assuming
that an optimal price for the producer can be 3.3 €/kg, the profit from
selling 100 tons of organic emmer wheat can reach € 426,000 if UV-C
irradiation is included in the cultivation technology and € 460,000, if a
humic preparation “Ir Seed Treatment” is used for pre-sowing seed treat-
ment.

To assess the efficiency of emmer wheat cultivation by the organic
technology, we calculated the main economic indicators for three research
years excluding tax payments, depreciation and rent, because they are in-
dividual and not subject to be averaged. The calculation results are given
in Table 2. The presented calculations show that despite the lack of profit
in the first year because of winter rye cultivation (green manure), i.c.,
creation of conditions to improve soil quality and enrich soil with nutrients
to obtain a high yield of emmer wheat, the profit in the next two years
fully covers the financial costs of the producer for three years. Thus, the

net profit in the second year exceeds the costs by 29.6 times and in the
third year by 71.2-80.6 times, depending on the method of pre-sowing
seed treatment, indicating the rationality of growing emmer wheat by
organic technology. Also, the financial safety margin of € 491,200
525,300 makes it possible to fully cover the fixed costs which we have not
accounted (land and fixed asset rent, taxes, etc.).

Table 2

Economic efficiency indicators of emmer wheat cultivation
in crop rotation: winter rye — mustard — 7. dicoccum wheat
under the organic technology

Income and F11§ year— Second year— Thmd year=
expenditure forms winier rye organic mustard L dlwccun?
(green manure) wheat organic

Full production cost, € 3,614.0 2,038.7 45514
Payment for inspection and
certification by the organic 4826 4826 4826
standards, €
Product price, €4 - 1,5442 3,345.7
Product Sales Revenues, € - 77,208.6 334,570.8
Income or loss, € -4,096.5 74,6874 329,5369

Note: “——an absence of profit because winter rye was used as a green manure crop.

In summary, it should be noted that on the European market, products
from organic emmer wheat cost from about 10 €/kg, which creates pros-
pects for the sale of organic raw materials for export.

Discussion

As is well known, the photosynthesis process mainly consists of three
stages: the primary reaction, transport and photophosphorylation of photo-
synthetic electrons and carbon assimilation. Chlorophyll @ and chlorophyll
b are required for the primary reaction. The chlorophyll molecule in leaf
chloroplasts of plants performs three important functions: it absorbs light
energy selectively, stores it in the form of electron excitation energy and
photochemically converts it into chemical energy of primary photore-
duced and photo-oxidised compounds. Chlorophyll 5 and carotenoid act
as additional and protective pigments that protect the photosynthetic appa-
ratus from externally induced photooxidation and play a key role in the
energy metabolism of wheat plants.

Today there is no consensus on the optimal chlorophyll amount in
leaves and its effect on wheat productivity. Some researchers believe that
chlorophyll levels should be low taking into account that a decrease in the
light amount absorbed by the leaf prevents the photosynthetic apparatus
from being destroyed by the absorbed energy excess. So, low chlorophyll
content in leaves may ensure its more effective operation (Melis, 2009;
Murchie et al., 2009). However, the authors of the study (Li et al., 2013)
shown that under chlorophyll deficiency, photosynthetic activity is inhi-
bited. Others, believe that plants with higher chlorophyll levels absorb
more energy, making their photosynthesis more efficient (Luo & Ren,
2006), which results in high crop productivity (Sui et al., 2010).

In our studies, a higher (by 10.0%) content of chlorophyll (a + b) in
the leaves of wheat grown under the organic technology in comparison
with traditional and the same pre-sowing seed treatment (UV-C irradia-
tion) was accompanied by an increase in yield by 21.4%. The obtained
results agree with (Ghimire et al., 2015), which state that total chlorophyll
content is significantly correlated with traits that determine yield structure,
including grain yield. Gholamin & Khayatnezhad (2011) reported a similar
positive correlation between leaf chlorophyll and maize yield (r=0.745).

The photosynthesis process is significantly modified by the environ-
mental factors. For example, a shortage of sufficient moisture reduces the
photosynthesis rate, disrupts the transport and distribution of assimilates
and causes lower crop yields (Mozdzen et al., 2015).

But, the photosynthetic apparatus of plants responds to the effect of
any agronomic measures by changing not only in the total chlorophyll
amount and carotenoids content, but also the changes in the ratio between
chlorophyll @ and chlorophyll b. I.e., more important than quantifying the
content of photosynthetic pigments is analyzing their ratios (Gitelson,
2020; Zhang et al., 2020; Martins et al., 2021), including for yield predic-
tion.
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Chlorophyll a and chlorophyll b are known to absorb sunlight at dif-
ferent wavelengths (maximum absorption of chlorophyll a A, = 665 nm,
and chlorophyll b ., = 649 nm), that is, the total chlorophyll amount in
leaves chlorophyll (a + b) and the chlorophyll /b ratio have a direct influ-
ence on the plant’s photosynthetic capacity (Li et al., 2018). This assump-
tion was proved using several plant species in the paper (Croft et al.,
2017). Therefore, the chlorophyll a/b ratio may be one of the determinants
of photosynthetic intensity and crop yield.

In our study, the decrease in the chlorophyll a/b ratio correlated with a
significant yield increase under both emmer wheat growing technologies,
regardless of the pre-sowing seed treatment method. Yan et al. (2021) also
obtained the inverse correlation between chlorophyll a/b ratio and crop
yield. The authors suggested that the lower chlorophyll a/b ratio could be
used as a new indicator for selecting of the high yielding cultivars of grain
crops. The higher grain yield obtained in the study resulted from a higher
1000-kemel weight, which explained by a longer photosynthetic duration,
higher chlorophyll content, and lower chlorophyll a/b ratio.

The observed dependence may be associated with a change in the
photosynthetic apparatus efficiency, since plants are very sensitive to
changes in the environment and cultivation technologies and inevitably
respond and regulate the chlorophyll content as evidenced by the research
of Martins et al. (2022).

But not only changes in the chlorophyll /b ratio, but also chlorophyll
(a + b)/carotenoid can be an informative indicator of reorganization of
light-harvesting plant photosystems complex under the influence of the
technology cultivation (Ivanov et al., 2013). The total chlorophyll (a + b)/
carotenoid ratio in plants is a sensitive indicator of photosynthetic activity
and response to technological changes (Gitelson, 2020). The authors of
this study observed decreased chlorophyll (¢ + b)/carotenoid, a result of
faster degradation of total chlorophyll relative to carotenoid and reduced
photosynthetic activity (Gamon et al., 2016).

In our research, a similar correlation in response to different wheat
cultivation technologies, but with the same method of pre-sowing seed
treatment (UV-C), was observed. A decrease in chlorophyll (@ + b)/caro-
tenoid ratio due to a decrease in total chlorophyll (@ + b) in plants grown
under the traditional technology in comparison with this indicator of plants
cultivated under the organic farming technology was established. How-
ever, with the same cultivation technology but different methods of pre-
sowing seed treatment, the decrease in chlorophyll (a + b)/carotenoid
occurred due to an increase in the carotenoids content at the same content
of total chlorophyll (a + b). Since carotenoids, in addition to their direct
contribution to photosynthesis, are involved in a protective mechanism
against oxidative stress (Campos et al., 2016), it can be assumed that em-
mer wheat plants grown from seed treated with “Ir Seed Treatment”
preparation will have increased protection of organic molecules against
free radical damage in oxidation processes. Carotenoids act as a low-
molecular antioxidant, whose biosynthesis in plants can increase in res-
ponse to stress or technological change to reduce ROS production (Taran
etal,,2017).

Thus, the obtained results display the transformation of the plants’
pigment apparatus in the course of adaptation to different methods of pre-
sowing seed treatment and cultivation technologies and can be used for

yield prediction.
Conclusion

The different methods of pre-sowing seed treatment and cultivation
technologies induced changes in the pigment composition of emmer
wheat plants. An increase in the chlorophyll a and chlorophyll 5 content
and a decrease in the carotenoid content in emmer wheat plants grown
under organic farming technology in comparison with the traditional one
with the same method of pre-sowing seed treatment (UV-C) was obser-
ved. Statistical analysis confirmed the presence of a direct correlation
between the chlorophyll @ content (r = 0.603), chlorophyll b content (r =
0.999) and the emmer wheat yield in organic cultivation technology.
The most effective method of pre-sowing seed treatment was established
by the analysis of the wheat plants pigment composition. The highest
yield of emmer wheat was obtained under organic cultivation technology
with pre-sowing seed treatment by “Ir Seed Treatment” humic prepara-

tion. The yield increase under this cultivation technology was 31% com-
pared to the traditional one. The evaluation of economic indicators of the
emmer wheat cultivation in the rotation: winter rye-mustard-emmer wheat
under organic farming technology proved its high profitability.

It would be promising to conduct further studies on the implementa-
tion of other physical methods of pre-sowing seed treatment for the orga-
nic cultivation technology of grain crops and obtaining profitable ecologi-
cally clean products.

The authors declare no conflict of interests.
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